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Abstract
° ,.,,,.,,.:.,._.:._,_;:.__._,_._.::_,_,0.,. , '...

Boden, T, A,, P. Kanciruk, and M, P. Farrell, 1990, TRENDS '90: A

Compendium of Data on Global Change. ORNL/CDIAC-36. Carbon Dioxide

Information Analysis Center, Oak Ridge National Laboratory, Oak Ridge,

Tennessee, 286 pages.
i

This document is a source of frequently graphical presentations of the data., discussions

used global change data. This first issue of trends in the dat,_,and references to

I includes estimates for global and national CO2 publications that provide further information.
emissions from tt:e burning of fossil fuels and Data are presented in a two-page format, each

from the production of cement, historical and dealing with a different data set.
modern records of atmospheric CO2 and Ali data are available in digital form from

methane concentrations, and several long-term the Carbon Dioxide Information Analysis

temperature records. Included are tabular and Center.

:,',,:.:,:.:.:,.',,:.1.'.,:.5:.'..:,::.:.'..5:._.:.',,5'..'..:.',.:.:.'..:,:.',._.:.:.:.5',+'.+_

_.eywords: Air poUution,ambient temperature, atmospheric chemistry, carbon cycle, carbon _
dioxide, climates, earth atmosphere, geophysical surveys,global aspects, greenhouse effect,
meteorology, methane, monitoring regional analysis, temperature monitoring, and temperature
surveys;
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Foreword

One oi"the goals of the Carbon Dioxide

Information Analysis Center (CDIAC) at Oak

Ridge National Laboratory is to provide ready
access to data and information pertinent to

global changes, CDIAC has attempted to
achieve this goal by providing reports, numeric

data packages (NDPs), computer model

packages (CMPs), and other information
center products and services. To date, the,se
activities have been well rt;ceived and

frequently used by a diverse international
audience. This new document, TRENDS '90, is

our effort to widely distribute data critical to

climate change issues.
TRENDS '90 is intended to provide a quick

reference for important data. The presentation
of the data in TRENDS '90 differs from that in

traditional CDIAC NDPs. For TRENDS '90,

we provide a graphical prcscnt_ti()n of data

accompanied by an explanation of current
trends. TRENDS '90 also provides critical

background information, references, and brief
tabular summaries of the data. Detailed NDPs

for most data sets cited in TRENDS '90 can be

obtained from CDIAC.

We intend to publish TRENDS annually.
For some data bases compiled by CDIAC

(e.g., CO2 emissions), TRENDS will be the

first presentation of the data for the year, This

inaugural issue includes data on atmospheric

carbon dioxide (C(12) cotlccntrations;

estimates oi global and national CO2 emissions

from fossil fuel burning, cement production,

and gas flaring; atmospheric mcth_mc ((.:1t4)

conccntr_tions; and temperature data. Future
issues ol' TRENDS may include data for

atmospheric conccntratitms (_t"other trace

7'RENL)S '90



gases, land use data, oceanographic data, to avoid misrepresentations of the accuracy of

precipitation records, and output from these data. The applications and limitations for
computer models (i.e., general circulation most data sets in TRENDS '90 arc

models, vegetation models, CO2 and CH4 documented in greater detail in CDIAC NDPs.
emission models, ocean models, and carbon Data suplgorting TRENDS '90 as well as all

cycle models), of our NDPs are awlilable from CDIAC in
The direction and format of future issues of machine-readable form. If you have any

TRENDS will be largely determined by the questions concerning data contained in this
feedback we receive on this first issue. We document or would like to discuss a particular

encourage you to comment on this issue and aspect of the data's application, please contact

suggest data to include in future issues. CDIAC directly, so that your inquiry can be
The data in TRENDS '90 are most properly addressed by one of our technical staff.

referenced by citing the principal investigators Data requests and comments or suggestions

.as well as the Section (e.g., Atmospheric concerning TRENDS may be sent to:

Methane Concentrations) and subsectior, (e.g., Carbon Dioxide Information Analysis Center

Amsterdam Island) in which the data are Environmental Scie,.,ces Division

found. The following sample citation for the Oak Ridge National lzboratos 3'P.(). Box 2008

atmospheric CH4 concentrations from the Oak R.idge, Tenness,. 37831-6335
NOAA/GMCC tlask sampling program at U.S.A.

Amsterdam Island is recommended: Telephone: ((,15) 57'1-0390
I:I'S 62A,0390

Steele, L.P., P.P. Tans, P.M. Lang' FAX: (61.',)574.2232c9fR.C. Martin, and K.A. Masarie. 1) ). l:rs 624-2232

Atmospheric Methane Concentrations, "I'IrA_I,LX:854478
Amsterdam Island. p. 148-49. IN Boden,
T.A., P. Kanciruk, and M.P. Farrell, ElectronicMail:

BI'I'NI?TF:CI)P@ORNI,S'I"C

TRENDS '90:A Competzditlttl of Data o_z INrI'I:z.I_.NI_I':CI)I'@S'I'CI0.(7 I'I).ORNI..GOV

Global Change, ()RNt/CDIAC-36. Carl)on OMNI_,7I':CDIAC

Dioxide Information Analysis ('enter, ()ak ()ta belaalf of CDIAC, we welcome you to
Ridge National Laboratory, ()ak Ridge, our newest publication. We hope you find it
Tennessee. usef'ul.

CDIAC ack,owledges the support of the
international science community in supplying

data for creating its NDPs and 7"RENDS '90. --Michael P. Farrell, Director

CDIAC ensures tlm quality of the data upon Carbon Dioxide Information Analysis and

receipt. However, some of the atmospheric Research Program
CO2 and CH4 data are considered - Paul Kanciruk, Director

preliminary. Users should note table footnotes Carbon Dioxiclc Information Analysis Center

xiii
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Introduction

Precise records of past and present atmospheric CO2 concentrations are critical to
studies attempting to model and understand the glob',d carbon cycle and possible COz-induced !

I

climate change, Attempts to determine past levels of atmospheric COz cortcer_trations have

been made using a variety of techniques, including direct measurements of trapped air in polar )
ice cores, indirect determinations from carbon isotopes in tree rings, spectroscopic data, and i

carbon and oxygen isotopic changes in carbonate sediments in deep-ocean cores. The modern

period of precise atmospheric COz measurementsbegan during the International Geophysical I

Year (1958) with Keeling's (Scripps Institution of Oceanography) pioneering determinations i

at Mauna Loa, Hawaii, and the South Pole, The Mauna Loa record remains the single most !

valuable CO_ time series, Since Ket;ling's initial efforts, other agencies and organizalioas have

implemented programs to monitor background levels of atmospheric COz concentrations. Two
': of theiarger programs arethe National Oceanic and Atmospheric Administration's Climate

Monitoring and Diagnostics Laboratory (CMDL- formerly Geophysical Monitoring for

Climate Change) flask and continuous monitoring networks and the World Meteorological i
Organization's (WMO's) Background Air Pollution Monitoring Network (BAPMoN).,.

. In the foUowing section, two historical atmospheric CO2 records derived from ice cores

and 39 records of monthly and annual atmospheric CO2 concentrations from _ globally

i distributed sites (see map on facing page) are provided. Collectively, these records document!:

the atmospheric CO2 record during the past 16(I,000 years. For the modern record it seemed

:: appropriate to present Keellng's Mauna Lx_arecord first, because it represents the longest

•" continuous modern record available. Most records areindicative of background air conditions

in a particular region or location. Some records (e.g., Osnabriick) were collected for other

purposes, such as determining local ambient levels of COz for growth chamber studies. The

data presented on the pages that follow represent a signifiCant portion, although not all, of the

modern and historical atmospheric C()z record and provide irrefutable evidence that

atmospheric levels of COz concentrations have risen over the past three decades (see figure to

right).

The data presented in this section were made available to the Carbon Dioxide

Information Analysis Center (CDiAC) by the principal investigator(s) listed for each data

record, and CDIAC acknowledges their kind cooperation. We urge readers to credit the

principal investigators and their organiz.atk)ns when using these data. Users are encouraged to

_ contact CDIAC before using data for specific model or research exercises. Some of the data

i are considered preliminary and subject to adjustment (values could change by several parts per
_. million), Ali the data presented here are available in digitized form from CDIAC.

TRENDS '90
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Vostok

D, Raynaud ,_ I i

C Lorius U) 250-'
Laboratoire de Glaciologie ¢"

et de G6ophysique de l_Environnement i .O

38402Saint Martin d'Heres Cedex _i , ' "- li

: France

Y. S. Korotkevich _

ArctiCBeringaandstreetAntarctic38Research Institute f,,,50 200 i " " °''°

Leningrad 199226 ,_eu

U.S.S,R. _'_

Sponsoring agencies

Commission of the European Communities 150 -
CNRS/PIREN _ 1 _ I ' _ 1 _ r

Terres Australes et Antarctiques 160 120 80 40 0
Francaises

Soviet Antarctic Expeditions Age of Entrapped Air (10s years before present)

Method-Gas extraction and measurements Atmospheric CO2 derived from the Vostok ice core.
were performed with the "Grenoble
analytical setup" (Barnola et al. 1983) which
is based on crushing the ice under vacuum

without melting it, expanding the gas ' ._,_?;__:i_::i_i_::., _" "_.' ,' ...... r

released during the crushing in a ,.,_izr->.i _i_:_:_::._._..... ._ :_:__ _:_:_
pre-evacuated sampling loop, anti analyzing _::_:"::_,, .._.:__;__;_,_, _', :i i ii:i:i:;:,!:..)::!:: .....i;:::::_i:i!i!_;21!i;ii!::!ii:ii!ii!iiii!ii_ii!iii!!!;i:: ,'1

:::::i!......... _ :i ..... ',' :"_.................:::::::::::::::::::::::.........;:!:::Ti_ '.._ the CO2 concentrations by gas chromatog- .ff./-'_(l!11:i:::i:i:!::i:::::::::::::::::::::::::::::::::::::!:!:i:i:i:i::.*,..;_:.i_

raphy, For further details on the experi- ":i!_i!!i!iiiiii:!!i_:!:::!:!:! .X'::::| .. ,;_ :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ,/
' :::::_ :::_' :)"' _::i, .... ,,..... ¢

mental procedures and the dating of the _:_.-_-, :!i::i!i!i::iiiiiiiiiiiiii!!iiiiiii!i)_ii_'::ii::iiii_i_::iiiiii!iii_,"
i:._.........',. !!i!!!i:ii!:i...........i........_ .:!r i::_::,_ '_., :_successive ice layers at Vostok, see Barnola "'_:_::::"- "_:_<_":_:::_::#' :_'- ,',_._'¢'"::::::::::::ii:i:_ '_!ii;il]i!!!!!i!:!ii?_ " :. ::_. :!!!(

ct al. (1.987) and Lorius ct al. (1985). ::i:ii!i:!ii'_!(::_......!_ :_:_ii(:(_i____i_.¢r, %__i_:"."_ _''
•:i:i:i:i::i:!:!::?.:::::: :::' ::::::::::::::::::::::::::: ' '_.,:_._)./. .._._.;, ,t_,

Calibration gases used-For each ice :i "< _J iili i_!_ ........_iJ,'*:*':"_''.... >:i:ii!!i!:::::i::!ii!!iiiiii_iii:,,_,

sample mea,_urcment, the analytical system is i___,,. "::::i_ ., .__calibrated with a standard mixture of 102 in i Vostok ' .i ._
nitrogen and oxygen. _ Antarctica

Data availability- Contact CDIAC for :i 78° 28'S, 106° 48'E t+,,
details on data and see Barnola ct al. (1987). 3488 m above MSL W-



Atmospheric CO2 from Ice Cores

TRENDS

An atmospheric CO2 recordover the past
160kyr has been obtained fromthe 2083-m.
long ice core recovered by the Soviet

,' Antarctica Expeditions at Vostok (East _.
ilAntarctica). This CO2 record is probably '-

thepurest ava[lable_covering the last
climatic cycle (Barnola et al, 1987),The
Vostok ice core data have been compared
with other, ice core data (Delmas et al, 1980;
Neftel et al. 1982)for the past .'Y)--40kyr and
there is good agreement between these
records, with ali showing lowCO2 values
(~200 ppmv) during the Last Glacial
Maximum and increased atmospheric CO2
concentrations associated with the

glacial-Holocene transition. Barnola et al.
(1987) found that over the 1.60,000-yeartime
scale there is a high correlation between
COz concentrations and Antarctic climate,
with significant oscillatory behavior of CO2
between high levels during interglacial

, periods and low l_vels during glacial
periods, Barnola et al. (1987) reported that
long-term CO2 changes are dominated by
marked glacial-interglacial oscillations
between ---1_)--200and 260-280 ppmv and _

that a period of--20 kyr similar to the
orbital precession period appears in the
decreasing CO2 trend covering most of the "
last glaciation and is supported by spectral
analysis,

4,'
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Vostok

Atmospheric Concentrations of Carbon Dioxide from Ice Cores

Mean Mean

Age of age of CO2 Age of age of CO2
Depth the Ice the air concentration lkpth _theice the ttlr concentration

(m) (yr BP) (yr BP) (ppmv) (m) (yr BP) (yr BP) (ppmv)

126.4 4,050 1,700 274.5 1274,2 87,980 84,700 218,8

17311 5,970 3_30 270.0 1299.3 89i940 86,680 210.0

250.3 9,320 6,800 ' 252,0 1322,5 91,760 88,520 221.5

266,0 10,040 '7,500 257.0 1349.0 93,860 90,630 226.0

302.6 11,870 9,140 259,0 1374.8 95,910 92,700 234.0

375.6 16,350 12,9.30 245.0 1402.5 98,130 94,940 226.5

_,26A 20,330 16,250 i93,0 1425.5 100,000 96,81P 236,0

474.2 24,280 20,090 194,5 1451.5 102,210 98,950 225,0

525.1 28,530 24,390 200.0 1476.1 104,410 10!,040 229.0

576,0 32,680 29,720 108.0 1499.6 106,610 103,130 238.5

602,3 .34,770 30,910 223,0 1526.3 109,240 105,620 2.34.5

625,6 36,600 32,800 207.0 1547.0 111,250 107,650 244.0

651.6 38,600 34,870 210.0 1575.2 113,850 110,510 233.5

700,3 42,320 38,660 207,0 1598,0 115,850 112,700 240,0

748,3 45,970 42,310 178,5 1626,5 118,220 115,290 276.0

775,2 48,000 44,350 200,0 1651.0 120,i70 117,410 271.5

800,0 49,850 46,220 207,7 1676.4 122, I00 119.500 280.0

852.5 53,770 50,150 201,0 1700.9 123,900 121,4.30 271.0

874.3 55,450 51,770 201.0 1726,8 125,730 123,380 265.3

902.2 57,660 53,869 219.5 1747,3 127,150 124,880 267.0

926.8 59;670 55,780 214.5 1774.1 129,020 126,770 275.0

951.9 61,790 57,800 206.5 1802.4 131,030 128,780 266.5

975.7 63,880 59,770 201.0 1825.7 132,700 130,460 275.0

1002.5 66,230 62,080 192.0 1850.5 1.34,510 132,280 266.0

1023,5 68,040 63,960 193,0 1875.9 136,450 134,170 296.5

1052,4 70,470 66,540 205,5 1902,0 1.38,660 136,170 266.0

1074,8 72,330 68,490 226.5 1928.0 141,170 138,410 246.5
1101.4 74,500 70,770 243.0 1948.7 143,440 140,430 231.0

1124.2 76,330 72,690 235.0 1975.3 146,860 143,370 217.0

1148.7 78,270 74,720 230.5 1998.0 150,330 146,340 191.0

1175.0 80,320 76,860 219.5 2025.7 154,980 150,700 200.5

1225.7 84,220 80,900 222.5 2050.3 159,100 154,970 191.3

1251,5 86,220 82,920 234,0 2077,5 163,670 159,690 195.5

'['RENDS '90
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BACKGROUND 350-

Principal hwestigators

A. Neftel II, Fn'edli _,
E. Moor H,LOtscher E _30 - . .
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Periodof records- 1734-1983. 250
Method-Measurements were made on a _ " _ , _ ' '_
200-m ice core drilled in theAntarctic 1700 1800 1900 2000

summer of 1983--84at Siple Station in West Atmospheric CO2concentrations derived from the Slple Icecore.
Antarctica, The gases from ice samples were
extracted by a dry-extraction system, in which
bubbles are crushed mechanically to release

• ._i,i_!:i:!:i_:,_ _ ,_ .,......._,,
:::::::::::::::::::::::::::::::::..... _ ....... "'" ' "_" :'_1 ¢::::::'::1: ...........

.ithe trapped gases, and then analyzed forCO2 _ _:_:!i::iiiiiii.:.:.:._E_._ .,_ .....,::::_.,:............,..........................:................:._i!!i_::.,:_ii::!i::.:.,._' ..,_:_i!::i;::iiiiiiii::i::i::!::!::iiiiiiiiiiiiiii::iliii::iiii!ii!iiliii!i::ii!ii!i_by infrared laser absorption spectroscopy or .,,,_" :._!_
__::"::_',, ._ii_i_i!::__ii_i!ii::ii_i__i_::_i_!__:::::i_::_i_i__::__::!!_i_!i__i__ix_'

by gas chromatography. For further details, _i_. :_ii_ _i_i_i_i_i_i!ii_i_!i!_i_i_i_i_i_i_._i_i_..J
i::::i!::::i::ili_::::i_!i_ :_:,_:_!::::iiii:::::::::::::::::::::::::::::::::::::::::::::::i::i_:_:_.._

see Neftel et al. (1.985)and Friedliet al. :::_iiii?._:::_..:_:,_e_(1984), _::::_.... ...................... ...........::........_::_:_:::?:::_:_:_:_:::_.........:......_
'_...._ ..... * ................................ ' " 'l' _" ._.'.Calibration Gases used-The analytical ............_ .........................._,r. •....... ,._:_!_!_ ._:_ _i_::_i_!i_ _ ',._,_._:_A.

system is calibrated for eachice sample :::::::::::::::::::::::::..... -...i::::::i_::::::_i::..y _.:L_ii!!t.,_'_,.:;!ili!i_i!!i!i!!i!i:;!._ '.ii!!ii!i!i!i!i!!i_ ', ":_,_._C" _!!:!;L.'.:_'_,
' : : : :: : : : : : :i::: : : : :::i#" ':::::::::::: :::::::::i:_ "_":': ;i ' _ ._t ._ "_",,_, '_'_

_!measurement with a standard mixtureof C02 i_ii!!i!iliiii!i!iiiili!_i!il.......... iiiiiiii_i!i:!!!!!:i!_ :!i::ii_iiiiiii_i!iii_i_ii.',,
'%'.'.'.'.'.','..'Y.'.'.'.:' .'.'.','.','._.'.'.'.'.'.!,:: _.) ,..' i.'iO ::i_ '

in nitrogen and oxygen, i_ "_I_i " '___

Data availability-These data are available
from CDIAC and the principal investigators
and have been published irtNeftel et al,

._(1985) and Friedli ct al. (1986). Siple Station __,. WestAntarctica
:_ Z5°55'S, 83055'W
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TRENDS
An atmospheric CO2 record for the past

200 years has been obtained from the Siple
ice core. At shallow depths atmospheric air
still circulates tl,rough the open pores
(Friedli et al. 1986),The enclosed air is
younger than the surrounding ice, because
the enclosure of air in bubbles occurs only
between depths of 64 and 76m, Based on
porosity measurements, the time lag
between the mean age of the gas and the age
of the ice was determined to be 95 years and
the duration of the close,off proccss to be 22
years (Schwander and Stauffer 1984).Neftel
et al, (1985) concluded that the atmospheric
CO2concentration circa 1750 was 280 ± 5
ppmvand has increased by 22,5% since then

t to 345ppmv in 1984,essentially because of
human factors. Friedli et al. (1986) also

i reported graphically that the pre-industrial
(pre-1800) CO2 concentration was
•.-280 ppmv,

TRENDS '90
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Siple Station
Atmospheric Concentrations of Carbon Dioxide from Ice Cores*

co2
Dateof Date concentration In P

Depth Samples ice air enclosed e.xtracted air _'_
(m) measured (yr A.D.) (yr A.D.) (ppmv) :_

68,2'-68.6 8 1891 1,962-1983 328 -- 3.5
72.4,72.7 11 1883 1954-'1976 318 ± 3,0
76.2-76.6 11 1876 1947-1969 312 ± 3.0
82.0-83,0 28 1867 1.038-1960 311 ± 3,0
92.0-93.0 25 1850 1921-1943 306 ± 3,0

102,0-103,0 26 1832 1..003-1925 300 ± 3,0
111.0-112.0 26 1812 1883-1,905 2,97 ± 3,0
128,0-129.0 47 1782 1842-1864 288 ± 3.0

147.0-14'7.2 10 1.743 1814-1836 284 _+.3,0
1.62.0--162,3 9 1723 1794-1819 280 "__'3,0
177,0-177.3 10 1683 1754-1776 2'79 ± 3,0
187.0-187.3 10 1663 1.734-1756 279 +_3,0

"Data publishedInNeftelet al,(1985),

Atmospheric Concentrations of Carbon Dioxide from Ice Cores*

Average CO2 _:_ Average COl
depth Gas age Concentration :_ depth Gas age concentration

!i (m) (yr A,D.) (ppmv)(m) (yr A.D,) (ppmv) ii!
187.70 1744 276.8 ::il 1.16,82 1887 292.3

177.50 1764 276,7 iii 110.20 1899 295,8
168.30 1791 279,7 108,80 1903 294,8
154,89 181.6 283,8 107.20 1.905 296,9
142.75 1839 283.1 105.25 1909 299,2
140.75 1.843 287.4 101.80 1915 300,5
138.20 1847 286,8 98,80 1921 301,6

134.47 1854 288.2 95,17 1927 .305.51

1.26.80 1869 7.89,3 90;77 1935 r 306.6
1.23,80 1874 289.5 86.80 1943 307.9 ;
121,80 1878 290.3 81.22 1.953 312,7

;_'_._._;_'_;_;_;_;_;_.;_;._._;_;_._`_;_'_'_;_._'_;_;.;_;_;_'_.;_;_;°;_;_;_._;_;

*Datapublishedin Friedltet al. (1986),
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Mauna Loa
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Principal investigators 380,1Ctzarles D: Keeling

Timothy P. .Whorl
Scripps Institution ,of Oceanography
Universityof :California _ 380 -

LaJoUa, California 92093iU;S;A. ! to • #._! t-- . ...,

Air:sample collection - Continuous. Air .! O _..._.#.r!.-.""""

samples are collected from:air intakesatthe i '_ _ _ld _ " 'top of four 7-m towers and:one: 27-m tower, i _ 340 , t. _. _ .. •
Four samples:are collected every hour. _ "_ • ..,"t.._.,Lt .:..

Details are given in Keeling et al/ (1982) ! . r .... _ O . ,_ _'l.t ": _ ' )

Measurement apparatus'Analyses of C02 i 0 , ,_..., o

Concentrations are madeby using an .... O 320 - " ' " '_ ,.,_.t.. ¢
t _ -e led, _oe ox.. ,, w

Applied Physics Corporation nondispersive ([_ .t t'.l.!'] "i _ _ " " ,
infrared gas analyzer with a water vapor (.) ;" * '_
freeze trap.

Data selection procedures-Data are
selected for periods of Steady hourly data to 300
within --0.5 ppmv; at least six consecutive _ _ _ _ _ _ -
hours of steady data were required to form a 1955 1965 1975 1985
daily average, Monthly atmospheric COz concentrations.

Calibration gases used.- CO2-in-N2 until

December 1983 and CO2-in-air from ......_-_:..............December 1983 to the present ....................... _,:__ _....,,, , ......

Scale o¢ data reported- 1987 WMO/Scripps

Data. availability- These monthly and t_ ...:::,_:_:_:_s_:_..:..:::.;:......,:__:_:_:_:_:_:_:_:s_s_...,..._
annual data, which are derived from daily :_::::;:_!i_i_!!ii_._ii:!iii:,V!i:!:i_!:ii9._ii_i_::i:i:_:_:i:_:_,_.

" :_iiiii::ii::iiiiiiiiii!ii::iii!i!ii....':__iiii¢.:i_i_ii!_::_
"steady" data, are available from CDIAC. ":i_iiiiiiiiiiii!iiiiiiiiiii_...:___ _ :_, ,_._'¢ *'_ :'========================= .::_ .:_,,_

The monthly data through 1.986, along with ::::ili !i!i!!!i!_!!ii:I'. ":_._-.s': :_:i,::...:.:,
monthly data that have been adjusted to ........*.:::::i_!_i_,, __":_,_;-'_•:iiii://!!iII::!i_i_ =:_iii_!ii!iiremove the seasonal effects, are available in _!

machine-readable form from CDIAC Mauna Loa Observatory , ._iiiiii!!
(Keeling, 1986). Hourly, daily, monthly, and Hawaii, U.S,4.
annual averages may be obtained from the Barren lava field of an .... '.........
principal investigator, active volcano

19° 32'N, 155 ° 35'W
.......................................................................................................................3397 m above MSL

' ' _11



Atmospheric CO2
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...,,.,,,.,,,,...,,.,.,,.°°, ........ °°.°..°... ......... ,...,,., ........ ,°,.,.,....,,.°.., .......... ,.°.

TREND

The MaunaLoa atmospheric CO2
measurementsconstitute the longest
continuousrecordof atmospheric CO2
concentrationsavailable in the world. The
Mauna Loa site is considered one of the

most favorablelocations for measuring
undisturbedairbecause possible local
influencesof vegetationor humanactivities
on atmosphericCO2 concentrations are
considered minimaland any influences from
volcanicvents maybe excluded from the
records.The methods and equipment used
to obtainthese measurements have been
essentiallyunchangedover the 31-year
record.

Because of the favorable site location,
continuousmonitoring, and careful selection
andscrutiny of the data, the Mauna Loa
record is considered to be a precise record
anda reliable indicatorof the regional trend
in the concentrations of atmospheric CO2 in
the middle layers of the troposphere. The
Mauna Loa record shows a 12 percent
increase in the mean annual concentration

in 31 years, from 315parts per million by
volume of dry air (ppm) in 1958 to 352 in
1989 (Keeling et al. 1989).

T_ENDS '90



Mauna Loa

Atmospheric Concentrations of Carbon Dioxide*

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann

1958 316.0 317.5 317.8 316.1 315,2 313,4 313,5 314.8

1959 315.6 316A 316.8 317.8 : 318.4 318.2 316,7 315,0 314,0 313.6 315.0 315,8 316,1

1960 316,5 317d 317,8 319.2 320,1 319.7 318,3 316.0 314.2 314,1 315,1 316.2 317,0

1961 317.9 317.8 318.5 319.5 320.6 319.9 318,7 317.0 315,2 315.5 316.2 317,2 317,7

1962 318.1 318.7 319,8 320.7 321.3 320,9 319,8 317,6 316,5 315,6 316,9 317,9 31,8,6

1963 318,8 319.3 320,1 321,5 322,4 321,6 319.9 317,9 316.4 316,2 317,1 318,5 319,1

1964 319.6 322;2 321.9 320,4 318,6 316,7 317.2 317,9 318,9

1965 319.7 320.8 321.2 322.5 322.6 322A 321.6 319.2 318,2 317.8 319.4 319.$ 320,4

1966 320,4 321,4 322.2 323,5 323.8 323.5 322.2 320.1 318,3 317,7 319,6 320,7 321,1

1967 322,1 322,2 322,8 324.1 324,6 323,8 322,3 320,7 319,0 319,0 320,4 321,7 322,0

1968 322.3 322,9 323,6 324.7 325,3 325,2 323,9 321,8 320,0 319,9 320,9 322.4 322,8

1969 323,6 324,2 325,3 326,3 327.0 326.2 325.4 323,2 321,9 321,3 322,3 323,7 324,2

1970 324,6 325,6 326,6 327.8 327,8 327.5 326.3 324,7 323.1 323,1 324,0 325,1 325.5

1971 326,1 326.6 327.2 327,9 329.2 328.8 327.5 325,7 323.6 323.8 325.1 326,3 326.5'

1972 326,9 327.8 328.0 329.9 330,3 329.2 328.1 326,4 325.9 325.3 326.6 327.7 327.6

1973 328.7 329.7 330.5 331,7 332,7 332.2 331.0 329.4 327,6 327.3 328,3 328.8 329.8

1974 329,4 330,9 331,6 332.9 333,3 332,4 331,4 329,6 327,6 327.6 328,6 329.7 330,4

1975 330.5 331,1 331,6 332.9 333.6 333.5 331.9 330,1 328,6 328,3 329,4 330.6 331,0

I976 331.6 332.5 333.4 334.5 334.8 334.3 333.0 330,9 329.2 328.8 330.2 331.5 332.i

1977 332.8 333.2 3M.5 335.8 336.5 336.0 334,7 332,4 331,3 330.7 332,1 233.5 333,6

1978 334,7 335,1 336,3 337,4 337.7 337,6 336.2 3.34.4 332.4 332.2 333,6 334,8 335,2

1979 335,9 336.4 337.6 338.5 339.1 338.9 337.4 335,7 333,6 333.7 335.1 336.5 336.5

1980 337,8 338,2 339,9 340.6 341,2 340.9 339,3 337,3 335,7 335.5 336,7 337.8 338.4

1981 338,8 340,1 340,9 342.0 342,7 341,8 340.0 337,9 336,2 336.3 337,8 339.1 339,5

1982 340,2 341,1 342,2 343,0 343.6 342.9 341,7 339,5 337,8 337.7 339.1 M0.4 340,8

1983 341.3 342.5 343,1 344.9 345,8 345.3 344.0 342,4 339.9 340,0 341.2 342.9 342,8

1984 343,7 344.6 345,3 347.0 347.4 346,7 345,4 343.2 341.0 34"1.2 342.8 344,0 344,3

1985 344,8 345.8 347,2 348.1 348,7 347.9 346.3 344,2 342,9 .342,6 344,0 M5,3 345,7

1986 346.0 M6.7 347,6 349.2 349,9 349.2 347,7 345.5 344.5 343.9 345.3 346,6 346,9

1987 347,7 348,1 349,1 350,6 351,5 351.0 349.2 347,7 346,2 346,2 347.4 .M8.7 348,6

1988 349,9 351,2 351.9 353.2 353,9 353.3 352,1 350.0 348,5 348,7 349,8 351,1 351.2

1989 352,5 352,8 353,4 355.1 355,4 354.9 353,4 351,3 349.6 349.9

_;_;_;_;_;_._._._._...._;.;_'_._;_'_;_;_._.._._'_._._;._;_;.;_._;.;_

*Atmospheric CO_ in parts per million by volume (ppmv). Annual averages based on monthly means. Ali numbers have been rounded to the nearest tenth,
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American Samoa
, , , , . , , ,

_:_:_;_;:.._._::_::_._:_.'_._p_x_:_::_:_;:f_:_:_:_:_`_;_:::::::::::::::::::::::::::::::::::::_._:::_:_..;_;!_.:_._._._._:_:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::_:::::::::::::::_:_::::;:::_:_<_<::::::::_:#::::::::t:_:::_:::::::::::_._.::_::::._.:.._.:::_:_:::::'`_.::::::::::::_:::::::::::::_:;::::_::::::::::;_::::::::::::::::::::::::::::::::::::::::'._.:::::;:::::_::::_:_:_.::::::::_:::_::::::::_::::_::'_.::f::_:_::::_I:_:_::::;:;:_:::::::::::::;:::::_:::::_::_::`_._:::::_.

BACKGROUND i! 38o-
Principal investigator !i

Charles D. Keeling _ ii

Scripps Institution of Oceanography I
University of California !i t'_
La Jolla, California 92093, U,S.A, i! _ 360

:I

Air sample collection--Air samples are :i_i t-

collected in 5-L evacuated glass flasks i! O /_,--
exposed in.triplicate weekly. "_

i Measurement apparatus- Fla'sk samples :_i ._ 340
are measured for CO2 concentration at :i c-.
Scripps Institution of Oceanography by :_i t--OO
using an Applied Physics Corporation O

' nondispersive infrared gas analyzer with OoJ 320
water vapOr freeze trap. 0
Data selection procedures- Concentrations (..)
of replicate flask samples must agree within
0,40 ppmv t9 be accepted.

Calibration gases used- CO2-in-N2 un' il 300, i i t i I , r

May 1983 and CO2-in-air from May 1983 to : 1955 1965 1975 1985
the present.

Scale of data reported- 1985 WMO/Scripps Monthly atmospheric CO2 concentrations.
, mole fraction scale.

Data availability-These monthly and _ ' ....... ,__::!iii_ "....................... ..,,:::_ ......r _ Y_:....,::,".........'_._..
annual values, as well as the individual flask ........................................_" " ._, :_ i_...'.,:iii__iii!]! iii::ilii

. .... ,iii!ii!iiiiiiii!i!!:_:iiii:_.' _'_.:,_:_:_:,:_:,_,,,,:,:_:_,,_,',,',,,,,_,.>
_.

concentrations, may be obtained fromthe ii ....._!i]::ii::ii_iii::iiiiii::iii::::iiii::iiiiiiiiiiiiiiii::i_..}
ii principal investigator. The monthly and

_;!i!!i::::::::::::::::::::::::::::::::::::::::: :::::::::::_iannual values are available from CDIAC. :i_i_: !_.a,,... ..'..i......................................_.............................' _ ::!::i:::: iiii!i!!i!_i!i!ii!!i!iii!iii:_::iii!iiii::..'.:,_#_iii!!'!_'_!ii!_i

{

ii American Samoa i

i U.S. Territory
_: Rocky coastal promontot3,
:i

140 15'S, .170° 34'W
30 m above MSL
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Atmospheric CO2

: TREND

A monitoringprojectto observe the
sea-levelclimateand atmospheric
constituentsof the tropical Southern
Hemispherewas established by NOAA at
Cape Matatula,American Samoa, in 1973.
NOAA operates both a continuous
monitoringprogram (Waterman et al. 1989)
and a flasksampling (Conway et al. 1988)
program at Cape Matatula. Scripps
Institution of Oceanography (SIO) has also
collected flasksamples at American Samoa
independently of NOAA since 1981.

Since 1981,theannual average concen-
tration of CO2,based on flask samples
collected by S!O, has risen from 339.2 ppmv
to 345.3ppmv in 1985.This represents an
annual growth rate of 1.2ppmv per year at
American Samoa. For comparison, Conway

-_. i et al. (1988) reported an annual growth rate

: of 1.35ppmv at American Samoa for
1981-1984on the basis of flask data from

: the NOAA/CMDL flask sampling program.
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American Samoa

Atmospheric Concentrations of Carbon Dioxide*

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann_

1981 338,8 338,9 339,5 339.7 339,2

1982 340,6 340.8 340.1 340.7 339,7 340.0 340.9 341,2 340,3 340,0 340,4 340,8 340,5

][,983 340,5 340.8 342,1 342.2 341.9 342.2 342,2 342,3 341.9 342.5 342,8 .342,4 .M2,0
1984 343,6 344,3 343,9 343,5 342,7 343,0 343,3 343,7 344,4 344,0 343,9 344,6 343,7

1985 344,8 345,1 345,2 345,2 344,6 344,8 345,0 346.2 346.6 345,3

*Average monthly concentration, accepted data. Atmospheric CO_concentrations in parts per million by volume (ppmv),
"I'Annualaverages based on availablemonthly means,
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Point Barrow

1 Principal investigator t

I Charles D. Keeling

Scripps Institution of Oceanography I
University of California ¢:1.
La Jolla, California 92093, U,S,A, ,_ 360

Air sample collection - Continuous ¢_

measuring from July 1961 to September O _. _

1967, biweekly triplicate flask sampling ¢ _ _ ,":
using 2-L evacuated glass flasks from 340
January 1974 to February 1982, and weekly " _ ,'__' $ '= ° """: "
flask sampling in pairsuslng 5-L evacuated OO ", ' ." ' • ' _' :
glass flasks from March 1.982 to September O " ' '° '
1985, O _ t_#t¢°'.. , '+'

Measurement apparatus- For continuous (:_ 320 i '. ." .' "
measurements, an Analytic Systems (.) ,, "_t _ ,
Corporation nondispersive infrared gas " "
analyzer with water vapor freeze trap was
used,' For flask samples measured at Scripps 300 -
Institution of Oceanography, an Applied _ _ _ r - '_ .... I
Physics Corporation nondispersive infrared 1955 1965 1975 1985

gas analyzer was u_z,d. Monthly atmospheric CO2 concentrations.

Data selection procedures-Concentrations
of replicate flask samples must agree within :

0.40 ppmv to be accepted.

Calibration gases, used- CO2-1n-N2 until _¢_ ..._,_;_:.'.¢_:_!_i:_:, _-'-'_;;.
May 1983 and CO2-in-air from May 1983 to ..,_, . '_:_!_:_,:_:_:_,;a,, ..:_::.+,.:_::.,::_._.':":'_::::'+_*":":'_*'::.....................:....._._:::_.:_,!!i_ii!!::i_ii::_i.._";_I" .,_ .:.:_4!.:i:!i!_.::::;_,:::!:i!_iiiii::::_i:_:ii:_:._

.:i.i....!.i.::.:.,..:.,_:'.'i:::,..,._ .:-i/:_/_:_i._.i.!_`:_.i..!i!.._..?._.._:..i._:_ii:._._._..._:_i_._.__ '%_.
the present, ,:,,,,_ii_i_iiiil _,, ,,_ ..........................:..::...................................................

scaneotdataeportd- 1985  ili' i!i ,', i,!!iiiii i,i i i!ii!iiilj
WMO/Scripps mole ft'action scale. , ':;_i_:_i:iii_..i_t

::_:::_:::i_.!_'_ ::::::::::::::::::::::::::::::::::::::::::::'d:_::::_:/:_i:i::::::..'_.i,_.,. _Data awdlability--These monthly and _:, - ",, ::_:_..............._:_::::::::_:_s:__.:¢ ,:_:a

annual valuesi as well as the individual flask ::_:_!_::_:x _!_i_::_:,_i_;:_i_ " :'_::t::_i/_u._:::;:,"9
:::::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::::::::::: , _:_ .... _.,.;,_-.. _

concentrationS,principalinvestigator.maybeTheobtainedmonthlyfrOmandtheAlaska,P°intBarrOWu.s,4. _:_::::_':_.i:::_i_::_::_,....................... _::_;_:::.........:............" ..::::_:_i:_::'_::___':_' ',,

annual concentrations from Point Barrow On ttte coast of the '_ ._.are available from CDIAC. " ' :_
Arctic oce,att

71° 19'N, 156036'W

,.........................................................................................m..... ' 11 m abOVeMSL
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Atmospheric C02
_,',',',','.'0",',',','.',','.',',',',',.,.,',','_i',',,,','.,,,,.¢I.;.,.,.¢,°....,','.,..,,e,..,',,.:.,..., ..,,,.A.:,'.:.I.!,_.,.1,1._.i._._,:,:.,.,,:,,,,.,,,,,.,.:.,...,.,.,.¢,.,.,..,,.,,e,,,',',',°, .','el','f.'ee,',,,',','.','.',',_ '.°,','°'.'.°,'e,',' e,'¢e,',,

TREND

Carbon dioxide was first measured at
! Barrow, Alaska, by Kelley and co-workers
': from the University of Washington during

the 1960s (Kelley 1969),Their measure-
ments with a continuouslyoperating ,
analyzer began in July 1961,From 1962
(which marks the first fullyear of moni-
toring atmospheric CO2 concentrations at
Point Barrow, Alaska) to 1985 (which
represents the last full year of data available
at the time this report was compiled) the
annual CO2 concentration rose from 319,7
to 346.7 ppmv. The Point Barrow record is
considered to be very accurate and
indicative of maritime air masses.



Point Barrow
_ ;_':._.4.,_,_t,,'_ .%_.'%_ _ :. _ _._'_d'l_','.% _, ",_ _..%X_,_ :",%_g _ _ _"_.'%_' _ _ ,"__ _ _e'% _._ .%"%_',_'._."%,'.1.__._._ + _."%_.|_,_.;."%_,_'-',._ _._._ _.%"%_._'_.<. "%:.'%.%_,-:..'..I._._._.._,_,_ X_, _ _ "%_."%'_ __._;_'%_,;_.__p_,__._._,.__. _'eg_.,'-__ .%_'_. _.%_-_"_-,'._._._t"_'_'_".%_""%_'."d._. ","_._.%:."%_'_,_.%_',"_' _""%_"_,_,'.__",%_-:

Atmospheric Concentrations of Carbon Dioxide*

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann].

1961 313,8 310,2 313,1 318,1 319,0 320,2 315,7

1962 325,8 324.5 322,2 322,7 323,7 322,0 315,1 309.9 312,6 316,3 320,2 321,7 319.7

1963 322,5 323,9 324,7 324.0 324,5 322,2 317,4 31217 314,0 315,0 320'1
1964

1965 325.8 326.7 327.2 327,3 328.6 324,9 319,1 313,6 314.1 320,3 322,1 322,9 322,7

1966 325,0 324,7 325,4 326,0 326.5 323,5 319.1 314.7 315,9 320,0 323,0 325,2 322,4

1.967 325,9 326,4 326,5 327,2 328,1 325,9 320,6 316.6 316,0 323,7

1968

1969

1970

1971

1972

1973

1974 334,3 336,9 336,3 334,0 322.9 323.5 328,6 331,9 335,9 331,6

1975 337.1 338.6 336.3 337,3 337,2 335,8 325.4 325,1 329,1 333,1 335,8 333,7

1976 337.0 337.2 338,2 339,3 338,4 337,4 332,0 324.2 325,2 330,2 333,5 337,5 334,2

1977 337.8 337,1 337,8 340.0 338.6 326.9 327,2 331.,4 334,7 340,0 335,i

1978 339,2 340,5 342,5 340,3 339,0 340,3

1979 340,3 341,4 "_,43.0 342,4 343.3 343,4 329,0 332.4 336.9 341,3 339,3

1980 341,5 343,1 344,0 343,7 342.3 338,4 331,6 331,6 335.2 .340,4 344,1 339,6
,

1981 344,2 344,0 344,5 346.0 345,9 342.2 333,3 3_,0 332,7 337,3 341,3 344.3 340,5

1982 344,6 347,7 347,3 347,3 347,3 345,7 .340,9 331,9 333,3 339,0 342,1 344,7 342,6

1,983 346,7 346.5 347,5 347,8 347,9 347,5 339,9 331,3 336,2 340,4 345,7 .346,3 343,6

1984 349.2 350,8 350,2 349,7 350.5 348,6 338,5 335,7 335,9 340,5 344,4 347,7 345,1

1985 349.5 .'M9,0 350,5 351,1 352,4 350.1 343,8 33%4 336,9 3463

*Average monthly concentration, accepted data, Atmospheric CO2 concentrations in parts per million by volume (ppmv),
]'Annual averages based on available monthly means,
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Al m_sl_llerie C()Z
_'::"':';'; ":':" ,'_;,; ' ',:,:.:,:,,_..>;'..:.: ;, .:,.;;, : ,,, c,:.: : : : _ : ::, :,:: : :4: ;:: :: _:,, ,:: ::. ',: '.',_: :,', :.:.: :., .: >;.::,: : ,.',:.; :,;, _,.',',_; ;,_1,:_:,g.: :,:,: :,_,:.::

................................................................ , ..................... ,

e* 1¢,I_I' l!.,l,ll_NC l!_S
Bacastt_w, li,li, l!.rTC_,l)il_ in the

ul, almosphcric C(L: Icwl during lhr'
'_,7 mid'l _ ' ')61) s, J_nmlal _J"(ie_JlJhysical

_,,'7 Ne,vcan:h 8(1:3I(N-. I,:I,

3, I l]at'llst(_w, l/,U;,, and C,,D, Kct.'llng, 1_)81,
Atmmphc, ric. carbotl tliuxidc c,tmc, cntratitm
and the, c_bscrved airbc_rne l'racticm,

2,7 pp, IL)?,-12, IN P,, B_lin (cd,), (:'.rt.m

2,4 (/vch, A,h.h'lling, S(I( )PL.,; lh, ,It_hn Wiley
3,7 and ,qot_s, Nt_'w York,

Keeling, C,[), 1!_84, Almc_sl_hctic and

_ccant_graphic mtmtucmt:nts no,cried for
t'slablishrlwnl cd"_ttlala base', for t'arl_m

tlit_xidt: I'r_ml t'_mil t'ut'ls, pp, 11-22,

IN 'lhc l'_tential l,;./'Ji.'rt,vo[' (.'art_.l
Dio.vidu hldttcrd C,'lim.tic ('/lun,t,,cs in

,,[ht,_'k., (Miscdlum'_,u,v, etc, ), 'i'hc

;1,0 t'rc_ccctlings _f a ('_._lll't'rt'_ltzt', I"airl,a_ks,

;3,7 Alaska, April 7 S, I_$2, Schc_l td
Ab,,t'iclllturc, and i,and ltc, st+utc.cs

_1,2 Manab!,enwnl , t Iniv_:r,_ily _,I'/\l_tska,
_F, I l"airl_anks,

_(). _, Kelley, ,l ,J ,, ,Ir, I'_(,_1,,,l_t t.uullv,s'i,vt_J'_:urt_olr

-_c)._ di¢_._iduin l/le arc'tic' ut,,m_,vphcrr ptf'ttr

_),_ lJarrow, ,,Ihlska, I!)61 t_ I_)(_/', Nii _,(17.._._..,
,.'qcicntific rel_C_lt Cd'lhc I.,I,S, ()l'lice. td''_(),.'_
Navitl llc'.,,t_'arch, Washin!.,Jot_ D,( ',

"i2,1_ l'ele,.,,c_n, ,I 'I',, W,I ), l,i_mhyr, 'l',l_, I l_rri,,,,

'U,,¢, and I.,S, W_tc_,rman, I_,_,q2,AI mt,_;l_hc'ric"
't5, I c,art_t,n di_xitlc, nlt'asi.lrelnt.',nlr, al I_,ilrrt_w,

•k,,7 Alaska, 1_,_/3---Iql_,L 'l'Hhts 34: 1¢_6--.175,
Prtcrson, ,I,'1',, W,I.3, Kt_tnhyr, I ,,,'-;,

Walcrlrtltn, R,It, (iammc_n, K,W, "l'ho_ing,

and T,,I, C,c,nwav, I_lN(_,,'\I mt_sphcric', C,()2
vav'iali_ms iii I]i|rl'_W, Ala,_ka, I_YI?,..1_1_2,

,1:4_1 51(),
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SouthPole
_`.'.'```````:'```'`_`'`_`'`.`e'`._`..``':``e.```'.```.....`.``_'.`'.``_.`.'.`.`.:.```.', ._..``_`_`_`_'..._'``::_._._`._..._._..._``._`_e._.```_`_'_...._`:_`_..'._

BACKGROUND a8o -
Prlnclpa! investigator

Charles DI Keeling

Scripps Institution OfOceanography
University of California
I.,a Jolla, CaUfornia 92093, U,S,A, ' _._ 860-

Air sample collection-Biweekly flask t_
sampling, except for the continuous in situ O
measurements bctwce, n 1960 and 1963 "_

(Keeling ct al, 1976a and 1976b; Bacastow _ 340
and Keeling 1981.), Five.liter evacuated glass
flasks are exposed as triplets biweekly, From ' O
1957 until October of 1963, 5-L glass flasks O

were exposed as singlets or pairs biweekly, f,D 320 -
Measurement apparatus- Air samples {:_ ,. ,,., '_va
obtained by flask Sampling (as well as those (D "'"
obtained from continuous monitoring) are
analyzed for CO2 concentration at Scripps
Institution of Oceanography by using an 300 -
Applied Physics Corporation nondispersive " _ 'f _ _ i
infrared gas anal_er with a water vapor "1955 1965 _975 "1985
freeze trap, Monthly atmospheric C()_ concentrations,

Data selection procedures-Concentrations

of replicate flask samples must agree within ..:_,:_i'__:_:i_:., _. ....
0,40 pprav to be accepted, .._:::_ ......_.::::r_. ,_r ...-. ._::_,.:::_:_:_:.<:_:'::*i::i!i_!ii::::!i:i::ii::_;;_::_

• .,._ff'-_::.v,v,':,v:,':,!,:,:,:".:,.q',',',':.i:.,, --,, ,:'.:' ,_:.v.'.i.i.v.'.v:.v,'.v,.!.!::

Calibration gases used- CO2-in-N2 until iiii!_ii!ii:i!:!!!.:!.i:i;$_,_:::iill......i?.::....::ii:i.:..z:, ._i:"_:i:iiii":!!:ii*i:!:!:i:iii:!:!ii!ii:i!i:ii__ ii ii!i;...........Iiiiii!ii!!i!!iil!i:i:i::i::_:i!!ili:!"p?3'.
March 1.983 and CO2-in-air from March ::i::_::::_ii::iiiiiiii!ii::i::::!_ :_:_";_:_';__!i ::_::_::_:_:_:_:_:_:':_'::
1983 to the present, ', _ii_iiiiii_: _i:_ili!_ii_:i_ii!ii!::::ii!iii::!:::_iiiiiiiii_ii!iiiiiii _

"_::i_ :_a,. _iii!!_i_i!i_!_:_i_:ii:_i_;!_:.h _i_ r I_ :.._ _:__i: :_ • "_ :::::::::::::::::::::::::::::::::::: _:::: "Scale of data reported 1985 .';._., : : ::::::;,,',:._ :::::::::::::::::::::::::::::::::::: ,.::

WMO/Scripps mole fraction scale, :::iiiiiiii!i!iiiiii!ii!!i::::_.:::_::_!iiiiiii!iiiii!iiiiiiiii!iiiig :,.,:ii_illl i_'- ' ;'i!i!!i!iliiii!ii!i!ii:!ili:iiiiii:i:i:i::,:.:ii!!i!i!ii!!iiii!iii!i:iiiiii!i: i i-'_.:_,.a,
'::::Eiili ii::::i:i:iiiiii::' "ii:i::i:!:i::i:!:i:i:i:_ ,, _:i_Data availability-These monthly and ._:._iiiiii:i::ii:i:i:i:i_!_:iiii!iiii!i:i:iiiiiiiii_,_' _._._,,.,._:_;,_,.,::',::i:!(O::!_ '

annual values, as well as the daily _ _:_:_:_:_:;:_:_:_:_::_:; ' .:::._:_:_:_.._:_:_:s:s:_:_:_.._:_::__i_.,,

i concentrations, may be obtained from tbe ii_!i!!ii:::.... :!iiiii_ '_ ,. ._i_)
principal investigator,'l"he monthly ant_ South l'ole -_" ._

i annual data are available from CDIAC and Antarctica ._"

' have, been published in Keeling et al. (1989). Ice- and snow-covered
plateau -_

89059'& 24° 48'W
i 2810 m above MSL
; ............ , ..... ,,, .................. , ...... _, ..... , .... , ..... ,,,,,.;......,, ......... , ............. .
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Atmospheric CO2
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TREND
Precise: measurementsof atmospherio

:COz at:theS0uthPole have been obtained
i:byScrlpps InsfitutiCinof Oceanography

Ii(SIO)_since_:1957.:This record is based
./prim_i_dy:iSnibiw6ekiyflasl_sampling, Since

1975_NO_ hasalso conducted continuous
insitu measurements of atmospheric CO2 at
theSouthPole (GiUetteet al;_1987)aspart
oftheCMDL program.

_ The SIO CO2 :record from theSouth Pole

_:shoWsthat annual averages of atmosphericii!CO2 c0ncenirations:have risen from 313.7

I ppmv in:1957to 348.9 ppmv in 1988. This
i represents an annual increase of
ii~l,l:ppmv/year. Keeling et al. (lV/6a)
i reported that the seasonally adjusted
:iconcentration of atmospheric CO2 from the
i South:Pole rose 3.7%between 1957and

i 197l, Gillette et al. (1987) reported a mean
n 'iia nual:CO2 increase of 1.32 ppmv for

ii6years (I975:-78, 1980-82) from the South
Pole.
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SouthPole

Atmospheric Concentrations of Carbon Dioxide*

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann_

1957 313,2 313,7 314.3 313,7

1958 314.1 314.4 315.2 314_5

1959 314.9 315,0 314,9 315.8 316,1 316,2 315,5

1960 316.2 316.5 316,6 316,4

1961 316, 5 316,7 316,8 317,2 317.5 317,6 317,7 317,5 317,2

1962 317,3 317.1 316,9 317,0 317.0 317,1 317,1 317.5 317,9 318,5 317,3

1963 318.0 317.7 317,3 317.7 318.1 318.1 318.1 318.2 318.2 318.9 318,0

1964

1965 318.5 318,4 318.5 318,7 319.2 319.5 320,0 320.1 319.1

1966 320,2 319,8 319.9 320,2 320.5 320,3 320,9 321,2 321.3 321,4 320,9 320,6

1967 320,8 320,7 320.8 320,8 320,9 321 7 321,9 321,6 321.7 321,6 321,3

1968 321,4 321,5 321.3 321.3 321,3 322.5 321,6

i969 322.2 321.5 321.5 321.8 322.0 322,5 322.8 323.4 323.2 323.2 322.4

1970 323.5 323,4 323.3 323,5 323.6 324.0 324.3 324.6 325.3 325.0 325.1 324.1

1971 324.6 324,4 324,2 324.3 324.5 324.7 325.0 325.6 325,6 324,8

1972 324,9 325,0 325,1 325,7 326,0 326,0 326.4 326,6 326.8 326,7 325.9

1973 326,6 326,0 326,2 326.7 326.9 327,3 327.6 328.2 328.5 328,5 328,4 328,4 327,4

1974 328.1 327,9 327,9 327.7 327,8 327.7 328.3 328,5 328,8 328,9 329,0 328,8 328,3

1975 328.7 32,8.7 328.7 328,8 328.8 328.9 329.2 329,7 330:1 330.4 3.30.3 330.1 329.4

1976 330A 329,8 329,7 329,5 329,8 329.8 330.3 330.9 331,2 331,5 331;6 331,3 330.5

1977 331.1 330,8 330.7 331,2 331,2 331.5 331.9 332,3 332.7 332.9 333.1 333,0 331,9

1978 332.7 332,5 332.7 332,8 333,2 333.7 334,1 334,6 334,7 334.4 334,1 333.6

1979 333,8 333,9 333.7 334,0 334.2 334,4 335,0 335.6 335,7 335,8 336.2 335.9 334,8

1980 335.9 335,6 335,9 336,0 336.7 337.3 337.4 337.7 337.7 337.8 337.9 336.9

1981 337.6 337.3 337.3 337,4 337.5 338,0 338,2 338.6 338.7 339,0 338.7 338.7 338.1

1982 338,5 338.2 338,.5 338,8 339.0 339.2 339.9 340.1 340.2 339.9 339,8 339.3

1983 339.7 339.7 339.7 340,1 340.5 340,8 341,2 341.7 342,2 342.1 342.4 342,2 341.0

1984 341.9 341.5 341,7 341.7 341.9 342,6 343.0 343.3 343.3 343,1 343.0 342.5

1985 342.8 342.6 342.6 342,6 343,0 343,3 343,8 .344,4 344.7 344,8 344,6 344.5 343,6

1986 344.5 344,4 344.4 344,5 344,5 344.9 345.4 345.8 M6,1 346,0 346.0 345.9 345.2

1987 M5.8 345,7 345.6 346,0 346.1 3465 347.1 347.5 347,9 348;0 348.1 348.2 346,9

1988 348.2 347,9 347.8 348.1 348.2 348,5 349.0 349,5 349.7 349.8 349,8 349,7 348,9

1989 349.8

*Entries express averages of daily values (in ppm) adjusted to the 15th of each month. Ali numbers have been rounded by CDIAC to the nearest tenth.

"t'Annual averages based on available monthly means,
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Atmospheric CO2
_'4R_.g.._._..Y.:_.:._._._.q_.:$_.q::'_'.Y.::_.x..::_:.q:p._:$:::...::_.:::::::::q:::::::::::::.q:::_..2.:::::..::._.._:::::.:.<::::::::_.:..:.q:::_::._.:$:::::_::$:_::::._:::::::.::::::_::::::._::::::::::$:

1

::.TheSouthP01e::Observatory(SPO)is... .. one :
_:offourbaseline:attr_0spheriemonitoring
._stations:oper.atedbythe.Climate:Monitoring
_andlD!a_ostics _b0ratory :(CMDL) :i
.::program:0f::theNati0nalOceanicand i
Atm0sph6rlcA_strati0h::(NOAA):.The _:_

.[
other_three:sites :are:located atBarrow, ._

•Alaska;:Cape Matatula,American:Samoa; i
andMauna Loa Observatory,Hawaii2The ,
remoteness of SPO makesit :an:ideal
samplingiocation beeauseit isremoved from
significanthuman-induced sources of CO2. !

Continuousmeasurements of atmospheric
CO2concentrations havebeenmade atSPO
Since1957by the.Scripps Institutionof
Oceanography (SIO): The SIO programis
based,primarilyon biweekly flasksampling,
except for the continuous in situ measure-
ments between 1960and 1963.Since 1975,
CMDL has also made continuous

measarements of atmospheric CO2at the
South Pole independently of SIO. Gillette
et al. (1987) reported that, except for 1976,
the continuous data fromSPO for 1975-1982

showed good agreement with the SIO and
CMDL flask data collected at the South Pole
and withthe results of theAustralian
Commonwealth and Scientific and Industrial

Research Organization aircraft monitoring
program.
• Gillette et al. (1987) found the average

:growth,rate of CO2at the South Pole for.
1975-1982to be 1,32 _+0.66 ppm per year
and the amplitude of the seasonal cycle to
range from 1.59+_0,.36before 1979 to 1.02 +
0,18 ppm after:1979:For comparison,
Conway ct al.:(1988)rePorted a growth.rate :_
of t.22 ppm per year for the flasksampling :i
data from the SouthPole for 1981-1984. ii

................................ ,.., ............... ................ .. ............. .°.., ................ •
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Amundsen Scott

Atmospheric Concentrations of Carbon Dioxide*

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

1975 328.41 _, 328.7 329.4.... 330.3 330.9 331.1 330.7 330,3
1976 330,1 329_8 329.7 329,6 329.7 329,9 330.3 330.7 331,1 33L1 331.1 331,2
1977 : _:330,9 330.41 330,3 330,7 33L1 331A 331,8: 332,3 332,8 333,1 333,1 332.8

1978 332.7 332.5 332.4 332.6 333.0 333.4 333.9 334.6 335.0 335.1 334,9
1979

1980 336.2 336.0 336.0 336.2 336.6 336.9 337.4 337.7 337.9 338.1 338.0 338.0 /

1981 337.8 337.8 337.9 337.9.... : 338,1 338,3 338.8 339.0 .... 339,2 339;2 339.0 338.6 /

1982 339.0 338.0 338.9 339.2 339.6 339.6 340.0 :340.3 340.5 340.5 340.2 340,0 [
1983 339.7 339,6.... 339.7 340,1 340.9 341_2 341,9 342.1 342.2 342.2 342.0/

1984 341.9 341.9 341,7 341.7 341.9 342.1 342.5 343.1 ,M3.4 343.4 ,343.2 343.0
1985 343.1 342.9 342.8 343.0 343.3 343.6 344.1 344.5 344.8 344.8 344.8 344.6 L

1986 .3,44.5 344.4 344.4 344.5 .'_A4.6 344.9 345.4 345.8 346.0 346.2 346.0 345.8 f

1.987 345.7 345.5 345.5 345.7 346.0 346.4 346.9 347.5 347.9 348.0 348.2 348.1
1988t 347.1 347.5 347.6 347.8 347,9 348.1 348.6 349.3 349.5 349.6 349.4 349,1 !

*Atmospheric CO2 in parts per million byvolume (ppmv). Ali numbers have been rounded to the nearc_t tenth.
tAll 1988data are preliminary and may change by several tenths of a ppmv based on re-calibrationsof the reference gases used l

for measurements.
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i Atmospheric CO2
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Cape Matatula (American Samoa)
................. e.°.. ,.,.,,, ,...°..,, .'.','.'¢,,,',','.',',°e.',.,,.'.'....,,.,.....,,,,¢,_..'_¢_..'_._._.._._`.'_°.'_.'._i'_..``..._._`_._'_.'._._._e..'.'.e'_'._.'_..'`._¢'._.'_'._'_'.'.¢'.¢¢I.I._-_':_._A_.H'._..._I._.I._I._'_._+_.¢e.+I_+_;._I_N`:.:_._b_._._+:_._+_+¢I4_.H+_._.H+I_:.:_+_..'°;v+l°i+_iH°_'I°l°l,PH°_.Iq_,.lq'_'_°_'iz_l+:°_,_+I'Ho_'H+I°I,H.I°I+;+;°I°:°_,,:.I'_+H°p'I+',4"q+lq+H' '_'l+lq+:'l':°:°l'_+_'l+_q°H'lq'H4q'i':+I_:'l'l';I+

BACKGROUND 380-
Principal investigators

Kirk W. 77_oning

Pieter Tans [::
Lee S. Waterman
Walter D. Komhyr ,._ 360
Donald IV. Nelson

Thomas B. Harris ¢" _O,tj

Environmental Research Laboratories ,O

National Oceanic and Atmospheric j_ 340-
Administration t-

O
Boulder, Colorado 80303-3328, U,S.A. ¢0 _'

t--
Air sample collection-Continuous O

• monitoring of atmospheric CO2 is ¢,.)
! _ 320

accomplished byalternating a flowing i O
sample of ambient air with two reference i O
gases of known concentrations. Details
given in Waterman et al. (1989). i

Measurement apparatus -- URAS-2 300 -
I I 1 I I I I'

semiautomatic nondispersive infrared gas
analyzer manufactured by Hartmann and 1955 1965 'i975 1985
Braun. Monthly atmospheric CO2 concern ations.

_ Data selection procedures-See Waterman
et al, (1989).

................ ,.. ,
ii Calibration gases used-CO2-in-air. , _i::iiiiiiiii!iiiiii_.i"_ ,_, .....:.:..._i:::,::_ ......_.... _ill

:.:..:i::!_:i_ii:_.'.':_::i!:_:!:_:!::•

:i Scale ofdatareported-SIOX85mole -,_, :_i_i!iiiiiiiiili!iiiii_:!i!i_ .:",;.:_/_:i_!!!!iii!iiiiiiiiii!i!!i!iiii!ii !i!i!i!i!i:!_!!_

_iiii!_i:i:i:!:i:i:_:i:!::.:.":i::!::!_,_ '_:i:i:i:_:i:i:::i_!::

fraction scale. '_!i!iii::iiiiiiiiiiii!iiii!iiii::ii:_["_::i!::::_i:: i!ii!i_i_.._

Data avaUability- These monthly C02 . _i :,_!ii!!

:_concentrations from Cape Matatula are i .!_, ,,available from CDIAC. They are also _! ? __ii

availableNOAA/CM DEfrom theandprincipalWMO. investigator at '_.4_ _iiiiii!!i_ "iiili!iii__ :_;:!__/"_'_ _"_".:::,:,_:._::_., "' '

!: ii_ iliiii_ _;_! ::i:i!ii!::i::i::::!iiiii::i!!iiii!i::!!i:.__,_:',.,. : Cape Matatula _"
: American Samoa, U.S.A.

Island rocky promontory
i_ 14° 15'S, 170 ° 34'W
_: 42 m above MSL
c.w¢¢,v..,,. ¢..,..Y.v,..Y¢,....., °w, ..c,,,Y,Yc., c,., .,,., ¢,. c,..Y...., y, ,w..... Y, ..... ., ¢- .,, • ¢. ,.,¢,Y, v_
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Atmospheric CO2

TREND
Continuous measurements of

atmospheric CO2 concentration in the
Southeru Hemisphere were initiated by
C,D, Keeling of Scripps Institution of
Oceanography (SIO) at Little America,
Antarctica, in 1958. A motfitorlng project to
observe the sea-level climate and

atmospheric constituents of the tropical
Southern Hemisphere was established by
the National Oceanic and Atmospheric
Administration (NOAA) at Cape Matatula,
American Samoa, in 1973.Discrete samples
of atmospheric air have been collected in
glass flasks at regular intervals at Cape
Matatula since that time and havebeen

reported by Komhyr et al. (1985) and
Con 'ay et al. (1988). An observatory
building was erected in 1975, and

"-7 r continuous CO2 monitoring has been
conducted siuce December 1975.The

continuous CO2 monitoring program at
Cape Matatula, American Samoa,

: represents one of four baseline atmospheric
monitoring stations operated by the Climate
Monitoring and Diagnostics Laboratory
(CMDL) program of NOAA. The other
three sites are located at Barrow, Alaska;
Mauna Loa Observatory, Hawaii; and South
Pole _ 'Statton, Antarctica.

Waterman et al. (1989) found that the
_)I average growth rate of C( z at Cape

!iMatatula for 1976-1987 was 1.44ppmv per

il year. For comparison, Conway et al. (1988)
i reported a growth rate of 1.35 ppmv per
i!year for the flask sampling data from
] American Samoa for 1981-1984. i

,,,,,, ...................... ,,,,,, ..... ,,,, ..... ,,,,,,,,,,,, ...... ,,.,,,,,,,,,,., ...... ,,,.,,,,,,,,,,,,I
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Am¢ "
Atmospheric Concenlrallons of Carbon Dloxlde*'

Year Jan Feb Mar Apt May Jun Jul Aug Sept ()ct Nov Dec

1976 332.2 331,9 331,3 331,1 330.7 331.,2 331,1. 331,2 31.3,3 33L5 332,0 331,9

1977 331,8 332,0 332,1 332,1 332,6 332,7 332,2 333,0 332,8 333,2

1978 334,8 335,2 335.3 335,0 335,2 335,0 335,8 335,8

1979 336,1 335.7 3.36,6 335,8 336,0 336,3 3.36,3 336,3 336,6 336,7 3._,9

1980 337,4 337,6 337,9 33%3 337,8 338,0 338,4 338,3 338,2 338,1 338,5 338,8

1981 339,0 339,3 339,0 339,5 338,7 339,3 339,0 339;1 339,11 338,9 339,4 339,8

1982 340.4 340,4 340,3 340,2 340,0 339.9 340,6 340.7 340,.36 339,9 340,3 340,2

1983 340,4 340,6 340,8 340,7 _1,2 341,7 341,9 342,1 342,05 342,2 .342,5 342,8

1984 343,1 .343,4 343,5 343,4 342,5 342,9 343,2 343,3 343,39 343,4 343,5 344,1

1985 343,1 344,5 344,6 344,4 .344,8 344,5 344,8 344,7 .344,41 344,4 344,8 345,3

1986 .345,5 345,8 .345,8 345,8 345,6 "_,3 346,3 .345,8 346,01 ,M6,1 346,1 .M6,1

1987 346,7 346,9 346,8 346,5 347,5 .'?,47,8 .348,4 347,7 347,98 348,1 348,3 348,8

19887 349.2 349,7 349,4 350,3 349,6 349.7 349_9 349,8 348,94 349,3 349,8 350,6

,,,.°,,,..'_'_'.'.'.'_'...'_._'.'°'_'.'*'._...'._`.°_........_..'_..._.'_.'.'_.'.._'._'.'°'_..'_¢'.'.'`..

*Atmospheric CO2 in part.s per million by volume (ppmv), Ali numbers have been rounded to the nearest tenth,
tAll 1988 data are preliminary and may change by several tenths of a ppmv based on re-callbrations of the reference gases used

for measurements,
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Atmospheric C()2.

lee ::_:C'.onway, T,,I,, I', Tans, L,S, Walcrman, K,W,
i! Thoning, K,A, Masarit',, and R,I-I,

H,9 !i (_amnmn, 19NS,Atmospheric cltrbon
dioxide measurements in the remote global
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Mauna Loa

Principal investigators t 3ft0 "/t

KirkW.Tltoning _ -iPieter Tans

WalterD. Kornhyr f:L 380 -
EnvironmentalResearch Laboratories ,_

National Oceanic and Atmospheric _ _ ,. !_
Administration _ • _ _ t_,$_ °

Boulder, C_lorado 80303-3328,U,S.A. *i_ _ :t._.I'..I ? t

Air sample collection Since November {_ 840- _ _...t_ _ '_jt o,#_ °

1984,CMDL has been sampling exclusively _ t P ,'_, ,t ;
from air intake lines on the "high tower" t:: _"• •
(23 m above ground), Details given irt

Komhyret al, (1989), _J 320
Measurement apparatus - URAS-2 semi- t'_
automatic nondispersive infrared gas 1

i

analyzer, t

Data selection procedures-A three.step
selection process is used to select back- 800 T _ _ _ _ I -- i - (I

ground hourlyaverageCO2 data from 1955 1065 1975 1985
Mauna Lea: (1) a preliminaryselection
based on within-hourvariability(2) an hour- Monthly atmospheric CO2concentrations.
to-hour conc0ntrationdifference criteron
that rejects data which change by more than
0.25 ppm from onehour to the next, and (3) .....,.............._,_t._::iii::i_:_...,, _" ".' ".... ...... _;._:_:::::::::::::::::::::::::::::::......:.........

residuals'from aspline _i!__".............'........" ......:.... ,'_, .:_.i::i_!i_ii_i_i':.:..!iiii::i_ii!_i_iiiii_i_iii:i_!_a selection based on

"'"'_":?_!_!ii_ _::_ ............:::::: :":":::'::::..........' ..........fit,Details provided in Thoning (1989) and
Thonlng et al, (1989), ;tili_iii_i!i!i_::l:ii:_ .:.._!:_ ::::!_iiiiiiiiiiilitiiiiiiiiiiiiiiiiii_{iiiiiiiii!iiiii!i::_#

,: ::::::::::::::::::::::::::::::::::_!i _-3_fiiiii_t:_Calibration gases used

Scale of data reported-SlO X85 mole _ "_i!i!ii!iiiii_!!g _!i_i!i_llii" ":_, '!,:i :#:.._.,......
fraction scale ................. :::., *:::.......'.::::::.... _.::'_¢;_?_,,t:_!_..':_::.b,,ii::i_!iiii_iiiii_:""_iiiiiiii_!ii!.'. '_ ._,..... :

,.:.:.:.:.....iiiiiiili!i!i!!!!i!!_ ._iiiiliii!:ii!ii_:_:. ,.:...:'.i,,,_:Data avallaLIIIty- The monthly and annual .._iiiiiiii!i!!i!!i!i:!!!!::i!ii!i i!i!i::. _'_ ' "__""

CO2 measurements from the NOAA/CMDL _ i:!__ '.... ,..,i:_iiiii_!i_i!!!!ili!i_i_iii::"_,

continuous monitoring program at Mauna Mauna Lea " '
Lea are also available from the principal Hawaii, U.S.A. " '..........
investigator and WMO, These monthlyand Barren volcanicmol_ntait_

annual averages from Mauna Loa, as well as ! slope
hourly data, are arehived and available from i 1905'N, 15506'W
CDIAC. I 3397m aboveMSL
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Atmospheric C02

TREND
Continuous measurements of atmos-

pheric CO2concentrations havt_been made.
attheMaunaLoaObservatory(MLO) since

:1958byScrippsInstitutionofOceanography
(SIO).Slnc_1974,theNationalOceanicand

t Atmospheric Administration'sClimate
Monitoring and Diagnostics Laboratory
(NOAA/CMDL) programhas also made
continuous measurements of atmospheric
CO2 at MLO independently of SIO, MLOis
one of four baseline atmosphericmonitoring
stations operated by NOAA/CMDL, 'rho
other three sites are'located at Point
Barrow,Alaska;Cape Matatula,American .
Samoa; andSouth Pole Station,Antarctica,
The SIO andCMDL records of atmos-

pheric COz measurements at MLO
constitute som_ of the most important CO2

"'7 records for studies of the global carbon
cycle and CO2-induced climate change,

Komhyr et al, (1989) reported that the
average difference of corresponding
monthly mean CO2 values for the CMDL
and SIO data sets was 0.15 .+-0,1,8ppmv,
Thonlng et al, (1989) found that the average
growth rate of CMDL continuous CO2 data
from MLO for 1974-1985 was 1,42 :t:0.02

ppmv per year and that the ampUtude of the
seasonal cycle was increasing at a rate of
0.05 -+0,02 ppmv. For comparison, Conway
et al. (1.988)reported a growth rate of 1,21
ppmv per year for the flask sampling data
from ML() for 1981-1984.
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MaunaLoa
|_:;:_:1'::;:_:;':;_:_::1:1:_:::,¢:_::_:_:f::;_:f;:I:':?::_:1_':_'_:;:::;:::_:I_;:;:_:.:_;_:1:l:f,_:l:_:f,_:I:_:_q_:,_::|:f.::_:_!::_-_,t:,;__:I:;_::::_I_:::_:,'_:_::_:::::::::::::::::::::::::_::::.::;:';':',:;',;_::::::l:,:f,,::'i_:l::_::::_:::I:_'_:::_:;:::::f:_f,;::_;:::_:;:_::::::::::::::::::::::::::_:;:::_;::,__:::;::_::::fl::1i:,,:::,,__:::::::::;'::::::2:::;:_::_1@,:I:::_:I_'_:::::f::!:::f':_;:::;:::;:::::;:::::::_::::::::_:',::_::_::_:::_1;:_@:f::;:::::::::_;;:I::::::_::;::',::::::_;::_:::I:I:;:,,:_:I,'.;:::,:::::;:_::;::::::;:::::::::::::::;:::_,:I:;::_:!::;:::f.:::::::;;q:;::::::::::::::::::::::::::::::::

Atmospheric Concentrations of Carbon Dloxlde* _

Year Jan Feb Mar Apr May Jun Jtli Aug Sept ()ct Nov Dec Ann

1974 333,2 332,1 3311,0 329,2 327,4 327,3 328,3 329,5 329,7

1975 330,7 331,4 331,8 333,5 333,9 333,4 331,8 329,9 328,6 328,5 329,3 331.,1

1976 331,7 332,7 333,5 334,8 334,8 334,1 332,9 330,6 329,0 328,6 3.3(1,1 331.,6 332,0

1977 332,7 333,2 334,9 336,0 3_,8 3.%,l 334,8 332,5 331.,3 331,2 332,4 333,5 333,8

1978 334,7 335,2 3365 337,8 338,0 338,0 336,4 334,3 332,4 332,3 333,8 334,8 333,4

1979 336,2 336,7 337,8 339,0 339,0 339,2 337,6 335,5 333,8 334,0 335,3 3.%,7 336,7

1980 337,8 338,3 340,1 340,9 341,5 341.3 339.4 337,8 3.%,0 3.%,0 337,2 338,3 338,7

1981 339,4 .340,5 341,7 342,5 343,0 342,5 340,8 338,6 337,0 337,1 338,5 339,9 340,1

1982 340,9 341,7 342,8 343,7 344,3 343,4 342,0 339,8 337,9 338,1 339,3 _0,7 _1,2

1983 341.,5 342,7 343,4 345,2 345,8 345,4 344,0 342,0 340,0 340,2 341,4 343,0 .342,8

1984 343,9 344,6 345,2 347,1 :_7,5 346,8 345,4 343,2 341,3 34:1,5 342,8 344,4 .344,5

1985 345,0 345,9 347,5 348.0 :_k8,7 348, ] 346,6 .M4,6 343,0 :M2,9 3442 _¼5,6 345,8

1986 346,5 347,0 347.9 349,6 350,4 349,7 347,8 .345,9 344,8 344,3 345,7 :¼6,9 347,2

1.987 :t48,2 348,5 349,6 351,1 351.9 35:l,5 349,8 .'347.7 ._,4 :M6,5 347,7 :M8,9 349,0

1988'1 350,2 351.,5 352,1 353,5 354,0 353,5 352,5 350,2 348,7 348,8 349,9 351,1 351,3

*Atmospheric COz in parts per million by volume (ppmv), Annual averages based on monthly means, Ali numbers have been rounded to
the nearest tenth,

]'Ali 1.988data are preliminary and may change by several tenth,; of a ppmv based on re-calibrations of the reference gases used for
measurements,
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= 380-

! .Kdrk_W.!Thoning i
" Pieter Tans: : . _ • ii >_ i

_ /James'T.iPeterSon ..... :i

i WaRerD.::Komhyr ..... : ,: ! _ 360-
Thomas B.:iHam's _i _ "
Lee S;_Waterman .,., ! 17. - . _, _ . .

Environmental ResearchLaboratories _ '_ _ _ _'. • ._., •
NationalOceanie

i 340- _--t'_t" ._.'..:'. _. •and Atmospheric

Adminii;tration i tnt" ,t .%._",.. r . .
Boulder, Colorado80303:3328, U.SIA. ! O _ • ' • ". " • : "i e- .... ; •

Air sample collection--SeeKomhyr and O " • ° :
Harris:(1977), gO • _ " : "' ' _ 320- "
Measurement apparatus- URAS_2T 0
semiautomatic nondispersive infrared gas (,)
analyzer manufactured by Hartmand and "
Braun.

Data selection F,-'oeedures- Data are 300 - I I I I I I 1
rejectedbased instability ofon the CO2

1955 1965 1975 "1985concentration within consecutivehours.

When hour-to,hour change exceeds Monthly atmospherle C02 concentrations,

0.25 ppm, values for both hours are deleted
from the data set. Details about data

selection are provided:in Peterson et al.
' " ...: ..:_'._':':':'::!:!:!:ii!:i::.. .

(1982, 1986), Fhonmg et a1,(1987), and __....,:_.,,_:_:_...._:_

Thoning et al. (1989). __iiiiiii!_i'::::_":_*!:_:::......!ii!i_...:_r;_._::_:::_:,":_ '",- <::_:_::__:_:_i__i:::::_::_,.,.:..:¢.;.,:::::::..::::.::::..::<::::::,::_!!!_i_!:..,.
_" :::::::::::::::::::::::::::::_ .:iii _....:_:!::::::: _i _'.._

_ .......::_:.::_ii_, .._,_:_:::::_i_!_: iii.......ii_.."_.i_'i Calibration gases used--CO2-in.air. .ii!i_i!iiiiiiiii!i!ili!iii_ _;_..... :......., ."_._i_!ii_ii_i,:i_i_i:,.::_i_i_i_i._:_:.,:::_:._ii_._:
Scale.ordata reported-SIOX85 mole ', :_!!_!_. _:!:!i;iiiiiiiiiiiiili!iiii!ii_'_iii!ilfraction scale, "_:_ii '_', :iiiii!iii!iiiiii{_!iiiiiiiii_ii_:::'_i_I_!_i_'_:*::::.:_::: _i,_, ,

,._ '_i_i__i..¢..!,.:_:i_:i)_
Data availability-These monthlydatafrom i ..,:...... :.v :...............:..........:: _ ... :,• :........ _ '¢_':':':':""..... .7.... .. . ..

Point Barrow are: available fromCDIAC, ._::::_:_ii......., _ ........:*:::,._:::_...._.!:!:!:_ii:!:i:i:i!i!i_;iii:i_;i_ii::!.::':._..:i:i:!:_:!:?i:!:i:i!_!_!_iiii:ii:' :'_ [ !::ili!._.i.,'._..._,..

_:'_'_'-_i:_,._'_"_.''_i_!?'..:'._._,_>
They are alsoavailable from the:principal ' i! ....::::,_:_,"
investigator at NOAA/CMDL and WMO I i :::_:::iiiii_i_i_i_iiiiiii_?:,,,

i Point Barrow ._ii_

:i Alaska, U.S.A. "._ .._Coastal seashore

: 710 19'N, 156 ° 36'W
i !', 11 m above MSL
:.v,..v....,.,v,.,...,,,v,v¢,.r,.,,¢¢¢,, er,.,vc,v, ce,v, _v_w________¢____¢___'v________________"___.¢¢_v__¢¢______¢¢_v___w_____v_____v¢¢_v______

22

I " r I_W qlP" ' _ '' 'lP"



Atmospheric CO2

..... °°°..,°w°.°..°,,.,.,.°o...°, H,.°°.,°,.°° H ,., ,,,,.... H°°., H., ¢, ..... ...°.,°,°°°°w.°°°,°,°° .°°,. H H °. °°[!- TREND
: The Air Resources Laboratories of !

: NOAA established a program to conduct
continuous measurements of atmospheric

i:
CO2 concentration at Point Barrow, Alaska,
in 1973:The continuous CO2 monitoring
program at Point Barrow represents one of
four baseline atmospheric monitoring

i stations operated by the Climate Monitoring
and Diagnostics Laboratory (CMDL)
program of the National Oceanic and
Atmospheric Administration (NOAA). The
other three sites are located at American

_Samoa; MaunaLoa Observatory, Hawaii;
and South Pole Station, Antarctica,

Peterson et al. (1982) reported that
concentrations of COz at Point Barrow for
1973-1979rose 4--5ppmv and exhibited a
seasonal cycle of 15,2 ppmv. Conway et al.

"r (1988) reported agrowth rate of 1.26ppmv
per year for the flask sampling data from
Point Barrow for 1981-1984. Peterson et al.

(1982)reported a slight decrease in absolute
concentrations for 1976in comparison with
1975. Atmospheric COz concentrations at
Point Barrow show an annual seasonal cycle
withyearly minimum values recorded in late
August and annual maximum values
recorded in late April.

........................,.........................._.........,.:.................................;.,.........i._...................................,......................................................:
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Point Barrow

Atmospheric Concentrations of Carbon Dioxide*

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

1973 322.0 323:4 _ 327.8 332.7 33315

:1974 ::336.5 336;0 336.7 33%1 336.9 335.9 328:7 323,5 324,2 328.8 332,0 335.2

1975 :/336.8 336.6 337.1 337.7 337.9 335.4 330.1 3249 324.6 329.3 334.3 336,5

1976 337.0 336.7 337.7 338.0 337,8 336,8 331,0 323.5 325.1 329.8 334,1 336,6

1977 336°8 336.9 338.2 339,5 339.4 337.7 330.1 325.4 326.8 332.0 334.7 338.8

1978 339.1 340.2 341.,5 341.0 340.8 339.4 332.6 327,7 327,4 332,1 338.8 339.4

i979 340.1 341.3 _ 342.5: 342.4 342.9 342i0 333.6 327.7 3293 333.1 338;1 341.5

1980 341.9 342.4 343A 343;3 343_2 '342.6 33%3 331;8 331:.4 337;9 .340.5 342,6

1981 344.3 345.5 344.6 345.8 346.8 344.4 3382 331,8 333.3 338.8 342.2 344,9

1982 345.8 347.2 348.3 348,4 348.0 345.7 339.2 333.2 333.2. 337.9 342.1 344.5

1983 347.1 347.0 348.0 348.2 348.3 347.0 340.4 333.8 335,4 340.5 346,5 346.7

1984 350,9 350.9 350.0 349.8 350.7 348.2 341.6 335.8 338.7 342.0 345,0 348,5
1985 349.7 349.5 350.5 351.5 352.5 350.1 .343.8 337.8 338.7 343.3 346.9 349,7

1986:350.2 351.6 353A 353.1 353.3 351.4 344,5 339,5 342,0 345.0 348.7 351.1

1987 352.4 352.7 353.9 353.9 354.4 352.2 346.5 340.4 340.2 348.6 349.5 352.6

1988"I" 354.8 356.1 356.4 357,2 356.8 355.3 .348.4 343,0 345.3 349.8 354.2 357.8

,_._,.,_,.,_,,._..,_,.,.,....,.°..._,,.,._,_..,.._._,,,..;.,.,.°_..,..,....,.,...,.,_,....,..,,...,.,,,.,,,.,...

*Atmospheric CO2 in parts per million by volume (ppmv).All nu. bets have been rounded to the nearest tenth.
]'Ali 1988 data are preliminary and may change by several tenths of a ppmv based on re-calibrations of the reference gases used

for measurements.
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Atmospheric CO2
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BACKGROUND 38o-
Principal investigators

Thomas Z Conway I _"Pieter Tans [::
Lee S. Waterman I tD.

National Oceanic andAtmospheric f 360
' _ _ q ,Admtmstratmn , cn

Environmental Research Laboratories 0 ,P

325Broadway "_ y_Boulder, Colorado 80303-3328, U.S,A. _ 340 -
Air sample collection With the use of a 0_

to
portable sampling apparatus, two Pyrex t- -
glass flasks (0.5-L) previously filled with a 0
dry gas of known concentration and (')o_ 320-
connected in series are flushed for 5 min O
with ambient air and pressurized to 1.2-!.5 O
times ambient atmospheric pressure.

Measurement apparatus UNOR-2
semiautomatic nondispersive infrared gas :300 1 I I I I I

analyzer. 1955 1965 1975 1985
Data selectionprocedures- See

. Conway ct al. (1.988)and Komhyr et al. Monthly atmospheric CO2 concentrations.
(1985).

Calibration gases used .- CO2-in-air. ..:._,:_;;.*_i_iii;::,
Scale or dataLreported - 1979-1983, SIO .,,:_:i;;_:_.... :f6_.'.._/_-_L_+_i. ......... +_,ii_:.i..........ii.:::.:ii..........i:.i.i..... :;:..... .'_._::;_i:!:_:;:!:Si:¢::._:_ .....

X83 mole fraction scale; 1984-1987, SIO _ __ii_i_!::_i!::!i:::::ii!_,.," " ' " '_ ....... :;:i:!::.::._"_.

.iiii!!!!i?:ii .:'._'i.:!!,:ii:i__H' ...._i_::i::!;:!i::':_!_i i::;;_:i::_:iiiii:_;:::;;:::_iiiiiWi:.iiiii!iiiii:;ii_ilil :,ii!!::i!i!ii!:'_ _

X85 mole fraction scale. , _i_ i_':y_i_::!_i_!i_i!i!!_!;..i_.:;_ii_i!i_ii_:_:.Data availabil|ty-The NOAA/CMDL flask ........." ..................................._.)!i_

data have been archived with WMO and iiiii::!::iiiii!ii::iii_:i__:i::i_i,_ il) :;_:),.,:,
CDIAC. The data archived with WMO are . ":_i_!iiii!!i!ii_!!ii!iiiiii::h..:'_! iiii _ :_'_ "

palr averages. The data available from _ "iii!__"J "__.' ,_i..._;_i.ii._i__._."l ,:_:_ii_.'_._.

CDIAC (Conway and Tans, 1.990) contain a :_::_!_i_!_::_::_i_i_::_!_ii:::i_:'-,, __'_":2"_'_'.:::.:,_::,_::_,.'_'

complete listing of individual flask values, ::_::_?_:_:_:_:_:_:_:_:_:_:_:_::,,

i with flags indicating the results of NOAA/ Amsterdam Island !i " "
._ ..__ CMDI.,'s data selection schemes. Indian Ocean :_"

!
L_'land seashore

i :. 370 52'S, 77°32'E
: ii 150 m above MSL
:..,..... ..... ............... ....... .....,..... ........... ................... ...... ............,.................,
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L Atmospheric C02

: i

,I The samplingsite on Amsterdam Island is ]
i operated in cooperation withthe French ]
i_Centre des Faibles Radioactivities. Except :
" during the summer (December-February),

when this island is Withinthe wind regime of '

the westerlies, the monthly mean concen-
tratlonLfrom Amsterdam Island can be

considered as representative of the back.
ground subantarctic atmosphere (Gaudry et
al, 1983).

The NOAA flask data from Amsterdam
Island have shown an increase in the annual

value from 335.9 ppmv in 1979 to
348.2 ppmv in 1987.Conway et al. (1988)
reported a 1,33-ppmv mean annualgrowth i
rate at Amsterdam Island for 1981=1984.

Conway et al. (1988) found a global growth !
rate of 1.22 ppmv per year over the same
time frame for ali NOAA/CMDL flask

sampling sites, Ascencio-Parvy et al, (1983)
found a 0.11 ppmv-per-month increase in
atmospheric CO2 concentrations at
Amsterdam Island from October 1980to
November 1.983.Both Conwayet al, (1988)
and Ascencio-Parvy et al. (1983) found
considerable variabilitywithin each year and
suggested that the growth rate minimum in
1.982and thegrowth rate maximum in 1983
maybe due partly to the 1982/1983E1Nifio
event.

Atmospheric CO2 concentrations at
Amsterdam Island show a seasonal pattern,
Withthe annual drawdown typically
occurring in December-January and the i
annual buildup occurring in May-June.
Conway et al. (1988) found the average
peak-to-peak amplitude for Amsterdam
Island to be 0.84 ppmv:

i
: ................. ,,, ............... , .......... , ....... , ..... ,,,,,,,,, ........... , ..................... ,
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i Amsterdam Island

i Atmospheric Concentrations of Carbon Dioxide*

! Year Jan Feb Mar Apr May Jun Jul Aug Sept ()ct Nov Dec Ann

1979 334.8 335.1 3353 335,5 335,6:: 335.7 335,8 336_0 336.4 3'36.8 337.1 337.1 335.9
1980 337,2 337,3 337.4 337,3 337.3 337.6 : 337.9 338,1 338.3 338,4 338.5 338,5 337.8
1981 338,6 338.3 338.6 339.2 339,6 339.5 339.7 339,6 339.7 339.7 339.9 339,9 339.4
1982 339,0 338,8 338,9 338.8 339.1 339,5 339.8 339,7 339.9 339,8 339,8 339.4

1983 339,9 340,2 340,5 340,7 340,6 340,9 341,4 341,6 341,8 341,7 342,0 341.,9 341,1

1984 342,0 342,6 341,8 341,7 341,8 342,9 342,9 342.8 342,5 343,3 '342,4

1985 343,4 343;3 343.7 343.5 343.7 344,0 344.5 344,6 344.6 345.8 344,1

1.986 345.1 346,7 344.9 344.6 344.4 345.0 345,2 345.4 345.7 345.5 346.2 345.3

1987 346.8 346,3 347.1 347,2 347.6 348,4 350.5 349.5 349.2 349.1 348.2

*Atmospheric CO2 in parts per million by volume (ppmv), Annual averages based on monthly means, Ali numbers have been rounded to
the nearest tenth,

TRENDS '90
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Atmospheric CO2

de* ............................Rii?,ii;Ei_ENC,iI_S.........................

Asccncio-Parvy, J.M., A. (;audry, lind (;.

mn Lambert, 1!)84, Year-.to-year CO2 vaH-
35,() al.ion,,;at Am,dcrdam Island in 191_()--1987,,

37,8 Geoplt)'sie.l t_ese.rch l.etters 1 I' 1215-17,

39,4 Corlway, 'T,,I, arid I', Tans, 1!,_)(),

3!),4 Atmospheric C()2 c onc(_ntratitms ....'r'!lt;
N()AA/(;M(.'(I flask samf)llilg rictw,,:rk,

4 I, I NDP_(X)5/R 1, C.iu'btm l)it_xiclc Inl'orrrlatitm

42,4 Analysis (7cntct'. ()ak Ridge National

,44,1 l,ab(irat<,ry, ()ak Ridge, Tennessee,

i45,3 t..t nw;.ty, 'l'.J,, Tans, I..,,S,Wal.orrnan,

t48,2 K,w, Thuning, K.A, M.saric, and R,It,
(;ammori, 10SS, Atu_t(_sphcric carbon

dioxide tt'lca.,;tlrt;rilcut,s in lhc. rf.mt)lc global

".tt(} t rol_osf)lwrc, 1981-1914,1, 'li'lhts

40(B):81-ii5,
(;audry, A,, J,M, Asccncio, ai,td (;, l,,ambcrt,

1!,183,Preliminary study t_f (+'()2 variation,'.;
at Amsterdam Island (Tcrritoirc des

Terre.,.; Aust talc..,; e+tAr, tart:.titlues

Fr,_uicaisos). ,h)untal oi" ( ie(,,phy,vieal
Reseurch 8bl: 1323..2t,J,

K(mahyr, W.I)., R.tl, (;arllrll()n, 'I',B. t larris,
I..,+S,Watc, rmala, T,.I, (_'.onway, W,R, 'f'aylor,

and K.W. 'rhoning, 1()_45.( ;lobill iltnms-

phcric C()2 tli,_tr;I)ut;itm._ ;.itid vtirialitlr, s
fr(ma 1(K>_-+82N()AAI(IM(.'C (.IC)2 flask

sliml)lt.: dat a, J().rn(U (_f ( ;t!()t)]lysi¢:.l
Reseurch 0_):55()7.-.9(L

'l'ht)t_irlg, K,W,, I:', Tan.<;,T,J, Cunway, arid
L,S, Waterman, 1ql.47.N()AA/CIMCC

calibrat it}ns of (i()2.,in-air rci'crcncc gases:
1979---85, N()AA Tot:hnical MiDinoralldillll

ERL A RI.- 150. lT.nvirtmnlc'rltzll Research

l_.aborat¢_ry, 13tmltlcr, (',t_h_ratlo,
Wtirld h,'lctet)roltLi.ical ()rg_iniz_llltm. 1089,

tirovi,,.'ic.ittl d./!V atrtlost_/lerir c(lrt)t.1
elias.vide(:(,Ict!ltlrc4lit,i.v _ls tncu.vtlrcd at

Iii[ 1)1_ItiN sites for th¢'ye.ttv 19S6 ftrIct 1?$7,
\VN,I()/'I'I) -Nt_. 3(16.(;Cllt:vH.
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Amundsen Scott (South Pole)

BACKGROUND
380 -

Principal Investigators

Tllomas J, Cot_way

Pieter Tans
Lee S, Waterman t'_ 360-
National Oceanic and Atmospheric ,_

Admlnlstration
Environmental Research Laboratories _ "

325 Broadway '.__

Boulder, Colorado 80303-3328, U,S,A, 340 -

Mr sample collection- With the use of a

portable sampling apparatus, two Pyrex
glass flasks (0,5-L) previously filled with a o
dry gas of known concentration and (.)
connected in series are flushed for 5 win _ 320

O
with ambient air and pressurized to 1,2-1,5 (,)
times ambient atmospheric pressure,

Measurement apparatus - The flask
samples are analyzed h_r CO2 concen- 300
trations at the CMDLlaboratory in -' ' _ ' 1 _ _ _ u' r
Boulder, using a UNO R-2 semiautomatic "1955 1965 "1975 _985
nondispersive infrared gas analyzer, Monthly atmospheric COz concentrations,

. Data selection procedures-See
Conway et al, (1988) and Komhyr et al,
(1985a) .....:::::::_:..:.:r._:_:._',:i_..'_:::::!_, ., ._._..,......i::::.._._....

" _ .,i:!',:_:;::::::: 5"' ._.'_ "_:: ,. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
'_:'dd_'./_:' • ' ' : .......... _, ..... _ '. .... irl, .:........................ ::' ......... !,::: ..... :'_:': '_'_.

.._,. ;_,,_":::::::::::::::::::::::::::::: ..:.'.tc:::::::::::::::::::::::::::::::::::::::::::::::::::::... ',_I Calibration gases used- CO2-in-atr, _....................... "................... _%v_:::, :. : ,.,.:.: ::.:...ry_,_,_ ._ :::.: : ::::::: :::::::::: :: ::::::::::.:ii. '

• Scale of data reported-1975-1.983, SIO ::iiiii::i::::ili _::i_ _z;_:_,_;ill ::::_ i _::_:: _!! _:_2
'::":: : :: :!::" ' , t ;: :i:i:i:i:!:!:i:!:::,:.:..:::.:...:. ,;:i: ::i:i:':::',::::::!::: : : ::: ::: :::::::: :::!::::!:::::::::::::::::, '' _"

X83 mole fraction scale; 1984--1987, SIO ., _:_: ._;::_::__:_:_:__.__:_:_:_ili_)
-"_il _ .:;ii !iiiii!!i!iii:i!ii!iliiiiiii!_i!':_ 'i!i:_- "_:_!:::x':_, ;ti: X85 mole fraction scale, :_:::_.._. __i_:_:"_ ':_;_!:_:_:_"

"_]_ '.: :: : : : :.4 ::::::::::::::::::::::::::::::::: : :::: : :: : : : : ::_._. ' ': :'i :_:': 'ali

Data availability-The NOAA/CMDL flask ..............- ....._:::_..................._:::_:n % __.:,,, ..;5 '._!ii::_::_i_::_i_::!::_::;::_i_i!i_::....... """"_i::i::iiiiii::ii::::::i!!_ :.f:.%_.::_:_.A=,"¢..'

I data have been archived with WMO and ':__:!_:_ ...._!,t ,, "::_::,.,
:::::::::::::::::::::...................S ':_'.......................X. _ .::i_!i::i_:_::'.!_' ,

CDIAC. The data archived with WMO are _::::!i ., ._i_:_:_:_:_:__:_,! pair averages, The data available from Amundsen Scott
I CDIAC (Conway and Tans, i990) contain a :A

complete listing of individual flask values, ' Antarctica

i with flags indicating the results of NOAA/ snow covered
¢ltld

i ' p,at¢_tlt

CMDL's data selechon schemes, _ 890 _' " 48'.59S, 24 ° W

i:..................................................................,.......,............................,.......... 28.10m above MSL
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Atmospheric C02

TREND
The sampling slto tit Amundsen Scott is

operated tn cooperation with the National
Science Foundation,

The NOAMCMDL flask data from
Amundsen Scott show an increase in the,

annual value from 329,4 ppmv ta 1975 to
346,8 ppmv in 1987, Conway at al, (1988)
reported a 1,22-ppmv mean annual growth
rate for both Amundsen Scott and ali the

NOAA/CMDL flask sampling situs,
collectively, for 1981-1984,

Atmospheric CO2 conce`ntradons at
Amundsen Scott show it seasonal pattern
with the annual drawdown typically
occurring in December-January and the
annual buildup occurring in June-July;
Conway et al, (1988) reported the
peak-to.peak seasonal amplitude for

"1' Amundsen Scott to be 125 ppmv for l
1981.-1984,

f

i̧ i

!
i

i
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Amundsen Scott (South Pole)
:_"1_,_::*,:_:"_"';:' '._'< .... _1 _1 :_. _ _ p,_ :. :-_ _ _ .I _, _' _ _ _ _ 1 ; < _

Atmospheric Concentrations of Carbon Dioxide*
q,

Year Jan Feb Mar Apr May Jun jul Aug Sept ()ct Nov I)ec Ann

1975 329,1 328,8 328,6 ' 32,8,5 328,6 329,0 329,4 329,8 330,1 330,3 33t),2 3:_,0 329,4

1976 329,5 329,2 329,1 329,4 329,6 329,8 330,1 330,6 331,2 331,5 331,5 331,1 33(1,2

197'7 330,8 3.30,7 330,6 ' 330,5 3.30,6 3."t0,9 331,5 332,4 332,8 332,7 332,6 332,5 331,5

1978 332,4 332,3 332,3 ' 332,6 333,0 333,5 333,9 334,3 334,8 334,9 334,8 334,3 333,6

1979 334,0 334,0 334,1 3.'M,2 334,4 3_:9 335,4 335,7 335,9 3_i,() 335,9 335,7 335,0

1980 335,9 335,6 335,5 335,7 3._,2 336,8 337,1 337,1 337,3 337,6 337,7 337,5 336,7

1981 337,5 337,7 337,6 337,8 338,0 338,0 338,8 339,3 339,3 339,4 339,3 339,1 338,5

1982 338,9 338,4 338,4 338,7 338,9 339,0 339,4 339,8 340,0 340,1 339,8 339,8 339,3

1983 339,6 339,5 339,5 .MO,() 340,5 _'_tO,5 .'V41,0 341,6 .341,7 341,8 .341,8 341,7 '._), 8

1984 341,8 .341,7 341,5 341,4 341,6 342,0 3422 342,7 343,1 343,1 342,9 342,9 342,3

1985 342,8 342,9 342,6 342,8 .M3,0 343,3 .343,7 344,3 344,5 344.5 3,14,5 344,3 343,6

1986 .3,44,4 343,7 344,0 343,9 344, l 344,4 344,8 345,3 345,6 345,5 345,6 345,5 344,7

1987 _5.4 345,6 345'6 345,9 .345,9 .'_i,4 347,0 34%3 347,9 348,() 348,1 348,1 346,8

*Atmospheric CO2 in parts pcr millhm by volunae (ppmv), Annual averages based on nmnthly means. Ali nunlbers have been rounded to
the nearest tenth,
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lllHIMimliJdllmHilibl,hlUlIlildNnalu_, ,,_llLIIi,,n,llii,,,, ,lliMn,.,h,,_.......... _..d...............

Atnlosplleu'ic C()2

!!,1<!!_l,l,le_NC ES

li Ctmwlly, T,,I,, P, 'l'llnS+i.,,S, Wl_lt'rlnan, K,W,
'I'huning, lZ,A, MtI..ilIrlL',, iiild I,'.,!.I,

),'.l ( Ittllllllt'HI, lUt',i,.q,AI lllt_hl)hL:l'i(', ctlrl_t'dl

1,2 dioxitlc IIIC.IUItlI+(.;IIII..'IIISiii thu rumt_lu glulml
,,5 trul)ospherc, 1USI-.IU84, 'ft'/hls

t,¢t ,1()(1i)',8I...115,

i,() (.',t)llV,'tly, '1'.i, iltld 1', 'l'ltn_i, lUUi),At ln(),_
phc.ric,C.'()2c_u(,enlralitm,'-;....'l'hc.

i,7 N()AA/CIIVI('('. l'hisk ,,.iatnplitq,,nt'lw't_rk,
3,5 NDI'-(X)5/I( I, ('.itrlw, n l_)iuxidc lnft_rrnltlicm

k.l Analysi,,.i(',cnlt, r, ()iLk l(i_l[:,u NiUiurml
),8 l.,iil'n)x'ati+,ry,( )ak Ridk.',e.,'I'CIIIIC.h,_WC.,
_.,3 Kulnhyr,W,D,,R,II,(Imnmtm,T,II,IIarris,

_,_ I.,S,Walcrnlan,T,.I,(!tmway,W,R,Tas'h)r,
| I '

and K,W,'I'I.Dniny.,I_,ZSa,(ih_Iml
1,7

alnl(,Sl'dtcric CX>2di!,lril,ulic, nx atm
5,8 vtu'iittitms t't'tml IU(iS ,",i'2N( )AA/( lM( '( '

(.'()2 flask ,,iltnlplc data. Joltrtlal ,f
( ]<'_qHly,vicull_c,_eatch t_)z.qS{,7u<.,,XI

KsmJhyr, W,I)., 'l',l'l. I [arris, alu.l l,,S.
V,/tltc,rlniln, tt++'_"il_,('itlil_rlltii'm tri'

a_(mcli,'ilWt,'-iivt'ittft;trt'd ('()2 i_n+tlvzer_wi/l_
(.I(,)2,.in-ltir l'i'l't'rdlICt+ P.ii,hl.',_i,+/r)Ittncll ¢(1'

,,Itttzc_sl_hrricund (.h,_,uni('li'chncd¢),13'

'l'h(miny,, K,W,, I', 'l'am_, 'l',,I, ('OllWa,,',un(l
],,S, _VilIL'rl])IIH, It)X'I, N(_,'(,'(,"( ,'/XI('C'

culit,ratir,ns +?I'C.'(.J2-,in.air r+ji'ren(<',kuse'.v,'
Iq7q-b'5, N( 1/\/\ 'l'cclillit'it] N|cnlt,rittttltl/tl

l!l,',l., AI,ii ,..15(I. l,',lwirtmttwtllilI I(c.,-,t'itrch

[ ,llbt)litli)t'y, [i()tlitlt.'l', ( ?t_li_t'ittlih

Wurld Melt_t',tidtq,it'al ()U+',;tni/atii_n, lu_u,
t'rt_l'l'sirnla/ rien'Ix' (l[tll()3'/_]l<'ll'U ('tld,r.|
di+l.vid+' FO/l('l'lllrtltl't_/I,S tl,V /llt'd,YIll('¢l til

/L'Il'Ah )l\!sih'.v./i,r rh+'Vi'+lr,v IUtl+'()and IUS?'.
WM(),rf'l) .Nt_, ._(_',,( ivtwv,_,
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Ascension Island
_ _ '_.'_,_,:;__',_._:_,_:_,:¥__,_, _._k.",:__,:):_:__'¢_:_?,_.:____,._,_,:_:,__.'__'_P:4¢',__:__;_ _:_:_',:':,_:.',:,_.'.:_,_'_::,qh::_,_:'__,_,_:_,.'_,._t_._:_,_:__'_.'__ _,_.¥_._,_:_.,_ _ _,:_ ._,:_,._??_N'ff__'_._._.'__:_'__:;:_'__ _'_'_i_,W.'_,:_:'PA_,_::_:_,_,:,_::_:;:_:_:'_P,._?,:_:.$,'_,':_,',__,.'P,_:,,_:_:_:_;__:_:_ t__::_;_:_:_

BACKGROUND 380 -
Principal _.vestigators

Tl_omasJ,Conway
Pieter Tans "_
Lee S, Waterman

National Oceanic and Atmospheric ,._ 360-

AdministrationEnvironmental Research Laboratories ,,O

325 Broadway '_ ,,/_,_'_t '_!
Boulder, Colorado 89303-332,8, U,S,A, 340

Ah"sample collection: .- With the use of aportable sampling apparatus, two Pyrex ""

glass flasks (0,5.L) previously filled with a ,Q
dry gas of known concentration and 320 -
connected in series are flushed for 5 min 0
with anabient air and pressurized to 1,2-1,5 (.)
times ambient atmospheric pressure.

Measurement apparatus - UNOR-2
semiautomatic nondispersive infrared gas 300
analyzzr, i " _ " 1 _ --- _ ), ' ....... f

Data selection procedures - See "1955 '1965 _975 191:35
Conway et al, (1988) and Komhyr ct al. Monthly atmospheric CO2 concentrations.
(.1985a). .:

I Calibration gases used-COz-in-air,
....:':':".....::_i_._i]_,:i_.+.__ _i) .,, ._:.,,._::::::::::v:::::,.'_,_.,,.,,

Scale of data reported- 1979-1983, SI() _li!!ili:::::::_._, '_1" ._,, .:._ii_..,'i:!i:ii!_l_iiiiiiiiiiiiiiiii!!!!ii_!::._( :::::::::::P..,.':::::_-- .. ::::::::::::::::::::::::::::::::::::::::::::::::::::::::

X83 mole fractmn scale; 1984-1987, SIO "";'' %_ii!:::::::.....!':::::::_' ..:_,._.*.._:i:::_:_:::-_.:::::::::::.... ._r=._,_i liliiii_::':'iii!_._ '_._i i:!i_:!!:_i!i! i!i _!!i?:i.?:iiii_ii:i_il:: !ii._ 'l ,

_i::'i_1'':"'4..... _ .... _.'.:,',.;...:';' ' ._.': .';':',,''.. •............ ,. ':.':.:,•
_:i.'::_:!,i!_ ::::::::::::: ,+.. :_": ............. ::::::::::::::::::::::.... ,.._x.,

X85 mole fraction scale, :: :::::.................:.: :::.::.... _.:,......_::::-::....."................_..,.:......_......._

Data availability- The NOAA/CMDL flask . ,_:::,'::::!:i:i:_,,. _: :"''"'"''""
'::!:i':::" 'i_t ' :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::*'q"

data have been archived with WMO and / .._:.:.:_:,,,_,.. :..,.:::::::::::::::::::::::.....::::::::::::::::.::::_,,:::::::_.::...../)/_,_i _ ' !_i;_..............
: ....,._,_,::: ::::::::::::::::::::::::::::::::::::.... ::i:: ::_::::: '!, . _CDIAC, The data archived with WMO are .... ::::::',::. ,.._.......::::::::._:::::::::::......_:_:,j ._r_ ,,:.,_'. ,

iiii::ii_i::iiiiiiiiiiii_:..:.,_i:i::i::::i!::iiiiii_?_ __i::,__:_:!:::.v.
t pair averages, The data available from , ":ii!iiiii:_iiii!_iii iiii_.z_ "_i_ii_iiiii!!ii!iiiiiiiiii_..:i' ':::_r,_::,_..

I

:i,_./... ,k ,'_

i CDIAC (Conway and 'Fans, :t_)0) contain a ,iiiii_!iiiiliiii_!ii!....... W _iiii_iiiiii!_ii_ , _
'_i:iiii!!!!:i!iii!i: tii!_i!!i!ii!::'..!

, .::::_i:!:!:i:iii::!.i:i:!_i:i:ii:",,

complete listing Of individual flask values, ".ii ,, ._iiiiii!!i!i!:::::.:with flags indicating the results of NOAA/ !
CMDL's data selection schemes. Ascension Island

i So,rh Atlantic
' L_land seash ore

7° 55'S, 14025'W
.' 54 m above MSL

[....... , ...,c,.,,,,o, ..... .,,,, ,. ,.,, ,. , ,¢ ,.,., ¢¢ .... .. ,,, ¢ ,., ¢, , ,.., ¢ ,.,¢. c, ,¢¢.,
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Atmospheric CO2
_.._...._._._.q_:_$_._.q_¢_f._:_:_._:_._._

........ , ,.. ° ,....,v,.......,....,° ..,v.., ..° ........°.°,.....,......,-° ° ,.,...,,, ,° ¢,',•..., ..v.,, ,..,,......,.,., ....... .

TREND

t:i: The sampling site on the Ascension Island
! is operated in cooperation with the United

States:Air Force and PanAmerican World
Airways_ :_
:_/iThe NOAA/CMDL flask data from
Aseension:Islandshow an increase in the
annuallvalue:from338.8 ppmv in 1980to
M8_:ippmvin 1987. Conway et al. (1988)
reported a l:30-ppmv mean annual growth
rate at Ascension Island for 1981=1984in

I comparison with a global growth rate of
122 ppmv per year over the same time

:framefor:aU NOAA/CMPL flask sampling
sites.

Atmospheric CO2 concentrations at
Ascension Island show a seasonal pattern,
with the annual drawdown typically
occurring inDecember-January and the

, annual buildup occurring in May-June.
Conway etal. (1988) found that the
seasonality atAscension Island does not
appearto be affected by transport of
northern air and reported the peak-
to-trough seasonal amplitude for Ascension
Island to be 2.00 ppmv for I981-1984.

' _ "[I ' ,i, , IIl_ _1" ' ilvl _r , , ,',



Ascension Island
_ :::.'::::::::f'_:::.'::.::::::_._.:_:::::::::_.:::::::::_ :::::_.::::.'2:::rfx:::::::::_,::_:.*.:::_:...'_.:::::$.,:f:¢::::_:::_'..::'.:'_.::_::_::::.<::.",2.::::_ .':::¢::;::::::::::::_.2::::_.:::::.¢.:::_.:::-p.:._:_::_.:::::::__ ._.:..:.._,::_ ::...._:.+.,v..,..%.,:::::_,:::_ ..::::.:::..:.,.::::.,y,:._.::__...:_:::_k':_:::-'::::_,¢ 4"._."$_,.'$::'.."4::*__:ff_. Y'_:_,::._F._"/'__'a_.:';,'_ _'.:,_$:":_"_i___.",__" :_.:".'$:_ _.: :'f_:'.':_.o_

Atmospheric Concentrations of Carbon Dioxide*

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann

1979: . ::_:_:::;.:__::.:.:_:ii_:i:::i::-::. :_;ii:.:_I_:_:I 337.0 337:1 337.5 337'.6 _337.6
1980: 33%6::/:: :337:.7 338;0 ::338:.3:_ :338.9 _ 339.5 :: : 339;8 339;7 339,3 339.0 338;8 338.8 338:8

339.2 : .340.4 340.7 : _340.9 340.2 340.3 339.7 339,8
1982 339.7 340.0 340.0 341.0 341.0 341.0 340.4 342.0 341.1 341.4 340.7 340.6 340.7
1983 341.2 342.1 341.4 342.5 342.5 343.2 343.4 343.3 343.0 343.4 343.1 343.1 342.7
1984 343.2 342.7 342.3 342.6 343.5 344.1 345.2 345.4 343.9 344.6 345.1 344.2 343.9

1985 343,9 343,5 343.9 ..... 344i2 3442 345.6 345.8 346.0 345.6 / 346)1 345.7 346.0 345:_1

:1986 3_5;5 345A 344,2 344;8 345.2: 346.3 346,7 347.4 346.8 346.4_ 346.8 346.5 346.0

1987 346,3 346.3 346;7 346.6 : 347.8 348.9 348;8 349.2 349.0 348.9 349.7 349.5 348;1

*Atmospheric CO2 in parts per million by volume (ppmv). Annual averages based on monthly means. Ali numbers have been rounded to
the nearest tenth.
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Atmospheric CO2
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Cape Grim

BACKGROUND I aa0-
Principal investigators:

ThOmas J. Conway

Pieter Tans
Lee S. Waterman _ 360 -
National Oceanic and Atmospheric ,_

Administration ¢_
Environmental Research Laboratories t--

_: O325 Broadway _ "._
Boulder, Colorado 80303-3328, U.S,A. .1_ _40

t--
Air sample collection-With the use of a ¢_
portable sampling apparatus, two Pyrex i tO
glass flasks (0.5-L) previously filled with a I Or:
dry gas of known concentration and f-)

320
connected in series are flushed for 51rain O
with ambient air and pressurized to 1,2-1.5 O
times ambient atmospheric pressure.

Measurement apparatus - The flask :_
samples are analyzed for CO2 concen- 300 - , ,
trations at the CMDL laboratory in Boulder _ _ _ 'f _ _ _'
by using a UNOR-2 semiautomatic _ 1_55 1965 1975 1985
nondispersive infrared gas analyzer. Monthly atmospheric CO2 concentrations.

Data selection procedures-See
Conway et al. (1988) and Komhyr et al. _:
(1985a).

Calibration gases used CO2-in-air.
• ;:_:... ,' ..'. '.;.:...'.. ,, . .;::.:.:. : l_.,.'.,.'l_.'.n-

Scale of data reported- 1982-1983, SIO ..,,._,_iiiiili!i .......:_-:_ _ .. ._.:_::_...:._i_:..............:.............::::1::,_. *.,..L '_ ,_:,'_..::,.._ ..... :: :::::::::::::::::::::::: , +:.:.:.::.,'._
::::::':: .::_'H::::.. ._ .".;.' ..'_.;:::. :::::::::::::::::::::::::::::: .:::':':':" :_X83 mole fraction scale; 1984-1987, SIO " ':_iiii!ii::_:i:i:i:i:_:!::i:::::::_:i:i:!:_,..._...:_i_!_!.i_!_!:.._:i:i:_!:i:!:_:!_:_:_:_i:_i:!:i:!_i:i:_:!:_:_:i:!_.._-;.

X85 mole fraction scale.., .:!iilii!!ii!ii_ ( __iii i_iii)!iiiiiii!ii_iiiiiiiiiiiiiiiii__Data avaUablllty-The NOAA/CMDL flask _:!.._!_i

datahave been archived with WMO and ",_......_ "_..................._:!::_::_:_ ":_1" __:_i_!_.. :,
•:_,., '.., _, :::::::::::::::::::::::: ::::::::N::::::._ I:'..:." ":H.' :','::::5_

CDIAC. The data archived with WMO:are .:::.:::..::.:_.............:::_.._: ._==:==:======..:===.==/,:::::i............• :_-_._...,,¢,::,.._'_ ..

;.:.:.:.:.:: :.:.: .:: :_;.. _:.. ::::::::::::::::::::::: ;_.'. ,..:.:.:.

pair averages. The data available from ::_:_::_::_:_......:_........•..................... _ ::_:::_.:.:.:.'.:.:.:.:.:.:.:.:.'+:.:.:.:.:.:.: .:.:.:._.'..:.:.:.:.:.:.:.:. % '_. :._ '"." _.'IL..

..::i:::_i:i:!_::i._ '

CDIAC (Conway and Tans, 1990)contain a Cape Grim "<ii .:_:!_iiiiii!i!i!i!!iiiiii!iiiii_:..,,

t complete listing of individual flask values, i, Tasmania, Australia

with flags indicating the results of NOAA/ i Promontory seashore

CMDL's data selection schemes, ii 40° 41'S, .144° 41'E
ii.............................................................................................................i:: 94 m above MSL

3O
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Atmospheri c CO2

TREND

The sampling site at Cape Grim,
Tasmania, is operated in cooperation with
Graeme Pearman and Paul Fraser of the
Commonwealth Scientific and Industrial

Research Organization,s (CSIRO's)
Division of Atmospheric Research. Cape
Grim replaced Kait0rete Spit, New Zealand,
after it was established that Cape Grim was
a more suitable site for representative
measurements at this latitude (Conway et al.
1988). From the outset of this cooperative

program, samples have been taken in 0,5-L
flasks. However, two sampling procedures
have been used. One of the procedures is

used at ali the NOAA/CMDL flask
sampling sites and is detailed in Komhyr et
al. (1985a)and Conway et al. (1988), The
second procedure differs in that the air
samples are dried by passage through a glass

column packed with anhydrous, granular
magnesium perchlorate, This procedure is
detailed in CSIRO (1989). Data derived

from both procedures are given in the
accompanying table.

From 1984-1987, annual average
concentrations of CO2 at Cape Grim,
calculus.ted on the basis of undried air

samples have risen from 342.9 to 346.3

ppmv. This represents an annual increase of
0.85 ppmv at Cape Grim in comparison with
the increase of 1.22 ppmv per year reported i

by Conway etal. (1988)for ali NOAA/ i
CMDL flask sampling sites from 1981-1984. i

I

i
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Grimpe
Atmospheric Coneentrations of Carbon Dioxide*_

Air samples collected undried with theportable batter-poweredsampling unit

Year Jan Feb Mar Apr May Jan Jui Aug Sept Oct Nov Dec Ann

1984 341,5 341.8 342,4 342,8 .342,9 343,4 343,9 342,7 343,4 342,9

1985 343,4 343.7 343.5 343.5 344A 344.3 345.0 345.0 344.8 344,1 343.7 344,1
1986 343,7 344,0 344,3 344.3 344.9 345.0 345,9 345,2 345,7 346,0 346,7 346,1 345,2

1987 345,5 345,4 345.2 345,2 346,0 346.2 346,0 346.6 347.7 347,5 347,6 346,7 346.3

Datafrom dried samples taken throughthe sampling stack
1984 341,3 341.6 341,9 342,9 343.2 343,0 342,9 34,2,7 342,4

1985 342.5 342,5 342,7 342.8 342.8 343.2 343,9 344,4 344,4 344.3 344,1 344,0 .343,5

1986 343,8 343,9 344.1 343.9 344.2 344.5 344.9 345.0 345.2 M5,7 _5,7 345,3 344.7

1987 .345,0 344,9 345.1 345,8 346,0 346,5 .347,2 347,7 347,8 348,0 347.8 346,5

...._._....'_._._..._._._.._._.._._._._.._._.._.._._'..._._....._._..._....._¥_

*Atmospheric CO2 in parts per million by volume (ppmv), Annual averagesbased on monthly means, Ali numbers have been rounded to
the nearest tenth.
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Atm()sl)lleric C()2
_:;:;;""::::;:::';':: :': :':;:'::','::>:".;'.:",:':'";':::,:+:.:,'.:,'..'.,:.s;5;.>>:;:::.:;5'5:,'.,:,:.'..:',,:;.+,;.::+,:,:,,.:.,..: :.: : ::.: ::, :,:15 ::+ : .: ': :', '.,;,. :>> : ; : ; :,: :,,.: : :<.,:,: :,: >:;:. :: :.

tie* .............................ii IiiH!_i,_I!),NClii,S ...................

Conway, T,J,, l'. Tans, I.,,S, Waterman,, K.W,

ann Thoning, K,A, Mitsal+iC, _,tll{.IR,t l,
(.;amrnon, 1988, AtnuL_il+hcric carl+on

12,9 dioxide ntcitstlrcrrlt'nt+i in the t'ctntqc g,hd_a[

14,1 tropcssl+heru , 1i,_81 I )84. l'clltt,+
1.5.2 4-f)(13):81.-115,

Ri.3 C2-;IR(). 1089, The. N( )hA/( ;NI(.X '. rncastlre-
rrtents of <.'.!i,_and ('()2 from [llt.'.,k air

samples collu'ctud ali (.'apt: (;rim. IN

12,4 Baseline Atmo,_q'_hCric l'rt,grnm (.Australia)
1087, B,W, l;(+rg,at t and (;,t),/\ycrs (c,ds,)+3,5
(+'SII<() 13ivisiori t_l' Atmt,sl+l'wric R.t',',;c;.trcll

J,.4.7 Aspendale, Austt';tlia.

_,5 Kt_mhyr, W.I),, R.II. ( _alullt_m, 'I',t3, i tarris,

I..,.S. Waturntarl, T.,I. (_otl',,vity, W.I(. 'l'ayhu +,

and K.W. 'l'lltmin}.!,. lOS5a. (il,+l_alto
+Jt[mt+sf_hcric ( '( )2 di+,+tril_ut ic>ll,_+illlt[
vilriltlJt)llS frtm+ ,l<_<_S,';2 N( )AA/( ;NI(.'(+?

(.?()2 flask satnl_Ic dill;t. ,l+,ttrp_ul_¢'

(;eOlHtysical Nc,vearch _8):55t'¢1 t_¢_,

l,_imlhyr, W.I)., 'f',l_, I'larri+% anti I..S.
Waterman, lO_,;,b, (+'alilwatit,n t_['

nondispersive infrared (.'():, itn/tly/crs v,,'ith
(.'()2-.in-air rc fc_rcnct.' b'a'+c.'.,,J¢.qlt'tl(ll ¢¢'

,,4t,n O,vl;heric tin: 1 ( h '<'atIi+' 1 i'<"/t_t_l+_.e3'

q'honing, K,W,, !', '['ans, "l'.J, ('(,tlway, and
I.,S, Waterman, I_1S7,N(),,I,,I/C/AI('C'

calit_rati(m,v _!/' (.'() 2-i/1-air t'<'J'+,t'+'_l<'_',l,a,_<'x,"
1079.-8.5, N( )A A 'l'cch n it:al m c'tnt,ratld u rn

I:.:_,RI.,AR L- 150, I)itlvirtmrrmntal Rc.,:,carch

l+,al+ot'atc, ry, Bt_,ultlt.'r, (it+It+_rado.

World Mt:tcorc_l_)gic'/tl ( )rg,ani/.itl ion, 1(_8<,_,
Pro visi+ntal daih., uttP1_+,rI;]tcric cart>chi
dio.ride cotlce_tltratiotlX a,v ttlt't_,vtlt_'d at

tL4 f'MoN sites for Hit! x't'tlr3' i_),_'(;a_ld 1+)_'¢7.
WM( )fI'I)-N(_. 3(1(,, ( ;Ctlt'",'il, Swil zt.'rlllt'td,
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Ca Kumukahi Atmospheric CO2

{.....................BACKGRON:D!...................... 38o- .......................................TRgND........................................
Principal Investigators The sampling site at Cape Kumukahi is

:Thomas J'.::Conway ,.:.,, operated iii cooperation with the United
PieterTam ..... _ States Air Force and Pan American World

] Lee:iS, Waterman : ; : ..... ] t:f2. Airways,
, :Nafi0nalOeeanie:andAtmoSpherie: ,,_ 360- The NOAA/CMDL flask data from Cape
t : ' ..... ' Kumukahi show an increase in the annualr :::: :Admmmtratton ¢_

E: , value from 332,3 ppmv in 1976 to 348,5Environmental Research Laboratories O _.,¢..'
325Broadway .,_ • e ,t _. .. _ ppmv in 1987, Conway etal, (1988) reported

Bo_der, Colorad0 80303,3328' U.S,A; _ _ 340 - - #..g-t;;'_ ": ' a 1.15-ppmv mean annual growth rate at
Air,sample collectlon-With the Use of a E . .a.l.: "t _ • • Cape Kumukahi for 1981-1984 in,compar-(D .o n'" • ,_

portable samplingapparatus, two Pyrex _ h: ¢ ._ " ison with a global growth rate of 1.22 ppmv
glass flasks (0,5-L)previously filled with a ¢ per year over the same time frame for all

i:drygasofknown concentration and 8 NOAA/CMDL flask sampling sites,
Connected in series are flushed for 5 rain _ 320 - Atmospheric CO2 concentrations at Cape

O
with ambientair and pressurized to 1.2-1,5 _ f Kumukahi show a seasonal pattern with the
times ambient atmospheric pressure, annual drawdown typically occurring in July

and the annual buildup occurring inMeasurement apparatus -The flask
samples are analyzed for CO2 300- December-January. Conway et al, (1988)
concentrations at the CMDL laboratory in l i i I I i r reported the peak-to-trough seasonal
Boulder by using a UNOR-2 semiautomatic 1955 "1965 1975 1985 amplitude for Cape. Kumukahi to be 8.87
nondispersive infrared gas analyzer. Monthly atmospheric CO2 concentrations, ppmv for 1981-1984.

Data selection procedures- See
Conway et al. (1988) and Komhyr et al,

(1985 a). .:::::_,ii....._":_iii!_!ii::- _ _,:, .,.._ ,,_i_;N'_.'Y.::::::i_ ....,. ':Z_...:._ :-_:::::::..::' .z.::::•

Calibration gases used- COx-in-air. , _,_iiiiii!_Iiiiiiii!i_:_"_ _, .:i_ii_..-.:_!_iii_iiii!ii!_i!_iii!!_ili!!_i!i_!_:i._:"::,i':i:__<.!_. 4 _;_%:::i:::::i:!_!_:_:_:_:_:::::'::%_
ScaIe of data re port ed- 1976-1983, SIO ::!::: :_!:,!ii_,, ._ ......_:_i_!!i_:::i:!!iiiiii_!i_!!ii_!!!_i......:.... :::__,_"

X83 mole fraction scale; 1984-1987, SIO ':_ _!. ',_ _::_i_ii!iiI!iiiiiiiiii!iiiiiiiiiil iiilli! i_::_i!!i!i_X85 mole fraction scale. ::::_:_!_..:_, :,:._::,::_..............;:_:::_:_:_:_:_:_:_:_:_:_:_:_,=:=:=:=:======:=:::=:=
Data availabllity-TheNOAA/CMDL flask "_,_:_!ii'.._:_' ::._!!!_;!i_iii!i_::!:ii:!_!ii!i_. "!!_ :_:_

•_.'...1 .:..:.:.1.:.5. ':':':':'1':'1':':':'1':':':':':'" _" 7"1:.... ' ' '_ '_t "_

':::::::::::::::::::::::::::::::::::::::::,.,.:::::::::::::::::::: ,: !::iii::._,,:'¢,:_ . ,

data have been archived with WMO and '"'_Ji_'"''Y i!iiiiiiii__

CDiAC, The data ar chive d with WM Oa rc: '_i_;_!_!!_!_.i_ii_i__ .i_!_!_::i!_i_,. "_+_"' ' "" _,.".:::::::_:i:__!

pair averages. The data available from __i__:_::_

l_

CDIAC (Conway and Tans, 1990) containa

complete listing of individual flask values, _ Cape Kumukaht i_ " ' "_with flags indicating the results of NOAA/ Hawaii, U.S_I. _i
CMDL's data selection schemes. _ Island seashore _!

1903I'N, 1540 49'W ::, 3 m above MSL !
:............ , ........... , ........................ , ................ ,................ , ...... . ........ ,...... _ ::
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Cape Kumukahi :

Atmospheric Concentrations of Carbon Dioxide*

Year Jan Feb Mar Apr May Jun Jul Aug Sept ()ct Nov Dec Ann

1976 331,6 332.3 333,7 335,8 336,3 3.34,5, 331,6 328,9 328,4 329,_ 331,8 332,9 332,3

1977 333,6 334,2 335,3 3.36,8 337,5 3.36,8 334,9 332,6 331.4 331,8 333,0 3.34,5 33414
1.978 335,6 336,4 337,'4 338,6 339,3 338,7 336,.2 332,7 331,2 332,4 334,2 335,7 335,7

1979 337,0 338,2 339,4 340,4 340,7 339,9 337,3 334,2 333,1 334,6 3._,3 337,3 337,4

1980 338,3 339.6 340,8 34.1,8 342,5 342,1 340,1 337,1 335,7 336,3 337,9 339,3 339,3

1981 340,7 341,8 342,3 344,8 :N3,8 343_8 339,2 337,5 336,8 337,7 339,3 340,3 340,7

1982 341,4 342,6 .344.1 344,4 345.0 343,0 Ml.O 338.2 337,0 337,4 339,4 341,3 341.2
1983 342,0 343.5 345,0 34514 346,2 344,9 341,9 338,9 338,2 3z_(_6 341,1 343,3 342,6

1984 343,7 345,4 346.0 347,6 347.7 346.3 343,6 340,3 339,9 341,4 342,7 344.3 344,1
1985
1986 346,4 347,1 .348,2 349,7 349,7 349,3 346,7 344,5 343,0 343,4 345,5 347,0 346,7
1987 .349,1 348,6 350,0 351,0 351.,4 351,0 .347,6 345,8 .M4,6 345,7 347,7 349,5 348,5

*Atmospheric CO_ in parts per million byw_lume(ppmv), Annual averages based on monthly means, Ali numbers have been rounded to
the nearest tenth.
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Atnlospllt, rtc ('()2
_,:_,, v_:: :':<< ; :., .: ,: +:.. +:., . :.., : : ,, ,. :.. :

(kmway, 'l',,I,, I', 'i'ans, I.S, Wtltcrnmn, K,W,

!2,3 I!,_88,Almt,,,-+l_lwrit'uilrl,utl dit_xiclc,mim-
e4,4 sur<.'mOlll_iii lltc.rt'nlt,tt' _.,h_l)alt_'t_l_.
k5,7 Sl'_lwru, lug I-,IUS,l, 'l'_'lhts ,lt)(i++',8l-- 115,

i7,,1 t'.tmwlty, 'l',J, a,ld I', 'l'ati.,,, It_), ,'klvnr_sl_lIcrh:+
t.'C)2 t.'.tmcc'ntrat i,tm,,.+'l'he NC)AA/( ;NI(.IC

19,?, flask Saml+linl.,IlclWol'+k, NI )I'-.(X),_/RI,
I(),'1 ('iirbtln l)i_xidt', Inftuiliali_m Atlllly,'4is
]],2 (._c.illc'r,()ak l;(idgc Nalllllial l,ltl_ iraltlfy,
i2,{l ()_,lk Itidgc, Tt!llilt',_i.qut.'.,
14,I Ktllllhyr, _/,|),, I._, _Vlllt,.l'ill_lll,iliiti V_/,lT,,

'l'iiylol, 1t}{>¢,3,_t,ilii_itlltlilialit: ntqitli,<il_c,r_ivc'.
iilt'rlirc(l iiiiaivTt, i' iil)Imi'alli:+ fllr( '.()2air

ill .'7
SallililC illiitly,i,t'S, ,/+>l+r#1+l]+(/' (h'+_/_hysif'ul

IH.$ RC.v<!,<U'c/I1'4,_4',1315 22.

I_{,t+tlihyl ', _,i),, P,,I t, { janiilllul, 'l',ll, ! liirl'i_,

Iii I,,_. Wltlcrlllilll, 'I',,1, (.itillWiiy, V, f4, 'l'ayh_r,
_.intl K,_ i, 'l'liOliitllL,,, lO_Sii, (ih_l+ul iittrit_-

llllt'.ric (!(/._ tli.<,lril+tilitm,<,ilncl Vltl'llilitlltPi
frt_ln liJf,_ _4,.'_N( )AAI( ;Hl( it' ('(),.,.l'lilsk
_lilli pIc tl_ll a. ,]t Jllr/ltl[ (!1'(/+'f_tJhy,vi<'tll
/¢I'S{'(II'+11 I)(1:._._(,'/ l)<'l,

l+,;._ml'tyr,W,I),, "I',II, l larri_, antl I.,_;,
Wittcliltiiti, lUgSl,. (.tlilil+ritlitlil t+l'i'itlittlis.,

I_t'rsivt' in(r_tit_tl (i()2 iintilV/.t!r_,wiih C( )p.
ill.-_.iif rctc'rcrlct' _:,,;i,st_t.%J++ttrtl+l/+!/',,llltifi,v.

' ,.,8,. gg,p/ll'ric mid ( )('+,u/li<'/_'(,/I/l_,htO'`>' )
'l'll_mitlt.,,,K,W,, i', 'l':'_u<,+,'1'.,1.('cmway, tirol

I,.,q. _Vtitt',rlll_iil, lt)g'1. Nf),,t,,I/(,'AI(,'C '

('+4h'lmlti_,,tis_{[' ('() z.i#l-l',tirrcli'rt'#lcc,t,usc,v.'
/77<) ,_'._,.N(),,kA 'l'cc'hr_k'_l Mt'm_>t'anduln
l_tJ..l+Att I ,-1."i1),I!'.nvir(irii_lt;lllal l,{c,,,c.;.irch

I ,iil_(_r_iltiiy, II(_'tilcl(.'r, ( 'tilt_t'iltll_,

Wt_l'lcl_'1c.it.'t_rtiltl!!,iclil( )i !;itni/al i.cln,l tiNt),
f'r++t'i.s'ifm+ilt/lit'Ix'+lflllfJSlJ]l+'#+i( ' utlr/_{i#i dio.t'iUc
C(Hlt'Ftltrtllt't Ills (LVl#tF(ISllrl't[ _1[ /J','l I'AI_I\ /

\VM( )/1'1)Nt). 3(}(,.( ',vllc,,'a.
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Cape Matatula (American Samoa)

BACKGROUND 380-
Prlnel pal lnves tlgators

' Thomas J. Conway ,¢..
Pleter Tans
Lee S., Waterman, CL

k,.

National Oceanic and 'Atmospherm ,_ 360.
Admire. tratton U)

325Envtr°nmentalBroadwayRt_seareh Laboratories ,it:: j_

Boulde, r, Colorado 80.3(13-3328,U,S,A. 840

Air sample ¢011ecthm - With the use of a

portable _ampling apparatus, tWo Pyrex I:::
glass flasks (0,5.L) previously filled with a D
dry gas of known Concentration and f,-) 320 -
connected in series arc flushed for 5 rain (_
with ambient air anti pressurized to 1.2-.1.5
times ambient atmospheric pressure,

Measurement apparatus-The flask
samples are analyzed for CO2 concen- 300 - _- _......"- _ i ....... _ "1 ' '1 " "1'
trations at the CMDL laboratory in Boulder
by using a UNOR-2 semiautomatic 1955 1965 1975 1985

•i ")nondispersive infrared gas analyzer, Monthly atmospheric CO.. concentrations.

l)ata selection proc_2'wes-See Conway
"':. '_l : '.'..'_:::::!:::_ ',_,'- _-' , ....et al, (1988) and Komhyr et al, (1985a), ,....................,:r;,._ri,,,, ......:., ...............................
:::::::::::::::::::::: _ :::::::::::::::::::::::::::::::::::::::::::::::::::::

Calibration gases used-C02-m-atr, ''" _[:__:_:_iii i:.?:: _ .;i_:ii_f:::ii::il;ii_ii_j!ii]ii!iiiii!iiiiii::!ii::i::ii:_:_.?_,
Scale of data _,,orted 197_1983, SIO ff
X83 m01e fraction scale; 1984-1987 SIO ::_::ii:i:5:::i_ !(i_ili!ii!iiii!ii!!ii_!:_iiii_iiiiiiiiiiiii_

:_'_.'L.':_I:_,_ ::::::::::::::::::::::::::::::::::::::::::::::::::::::_'.Ji:::::!:i'_:::;::::'_"
_:':_. _ " ',_ : * ' :::::;:: :1::" . " :;. ::" "::::(" ': :': ::: :,.'F_ ;i_

Data availability-The NOAA/CMDL flask .................................... '_, ,_. ',
I l

data have been archived with WlvlO and ........._::............. ::........._".....' '__:_!:::_:

.::::.;i:i::0::i_ "

pair averages, The data awdla'ble from i .:::_i_i_:: ",,
C'DIAC (Conway and Tans, 1.9(X))contain a ! .i
complete listing of indMdual flask values, I Cape Matatula ,)t

, . , i American Samoa, U,S, Tertitoo,

with flags indicating the results of NOAA/ i South Pqcific
CMDL's data selection schemes, ] Island m)Ck.)'prol?lo/ltoO'

1

t 140 .15'S, 170°34'W

........................................................................................................! 42 m above MSL
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Atmospheric CO2

TREND
The NOAA/CMDL flask data from

Amt_ricanSamoa show an tncrcaso in thc

annual value from 330,9 ppmv in 1974to
347,1 ppmv in 1987, Conwayct al, (1988)
reported a L35.ppmv moan annual growth
rato at Amcrtcan Samoa for 1981-1.984in
comparison with a global growth rato of
1,22ppmv pcr year ovcr tho same ttmc
frame for all NOAA/CMDL flask .,_ampllng
sitcs, Conway ct al, (1988) reported the
peak-to.trough soaaoaal a:aplitude for
American Samoa to bc 1,40 ppmv for
1981-1984,

"1'

TRENDS '90



Am " SamoCape Matatula ( erlcan a)
Atmospheric Coneentratio_t _f Carbon Dtoxide*

Year Jan Feb Mar Apr May jun Jul Aug Sept ()ct Nov Dec Ann

1973 330,1 330,0 3.30,1 330,3

1974 330,6 331,0 331,2 331,4 331,2 330,9 330,7 330,7 330,8 3_),8 3.30,6 330,5 330,9

1975 330,4 330,4 330,1 329,9 329,9 330'3 330,9 331,1 331,2 331,4 331,3 331,0 330,7

1976 330,7 3.30,6 3.30,8 331,3 331,4 331,1 331.0 331,5 331,9 :332,1 332,5 333,1 3311,5

1977 333,0 332,4 332,3 332,5 332,6 332,6 332,6 332,8 332,9 332,9 333,1 333,7 332,8

1978 334,0 334,0 334,0 334,3 334,6 334,7 334,5 334,3 334,3 334,5 3:?,4,4 3.34,2 334,3

1979 334,6 335,4 335,8 335,7 335,7 3.36,0 3'._,1 336,0 336,2 336,7 3_,9 336,8 336,0

198t) 337,0 3.'38,0 338,0 337,6 338,1 338,3 338,5 338,4 338,3 338,2 338,4 338,9 338,i

1.981 339,4 339,7 340,0 339,4 338,9 338,9 339,11 339,2 3.3,8,9 339,2 339,7 339,6 339,3

1982 340,2 341,1 341,2 :340,4 339,4 339,9 340,2 .']40,8 340,0 34(1,1 34(1,3 340,6 340,4

1983 340,7 340,7 340,6 340,7 341.5 341,9 342,(I 341,8 341,6 342,0 341,8 342,1 34l,5

!984 343,3 .343,6 .344,4 343,9 .342,6 342,_ 343,2 343,8 343,8 343,6 343,5 344,2 343,5

1985 344,4 344,6 345,4 344,7 344,3 344,4 344,9 344,2 344,8 344,8 .345,3 345,0 .344,7

1986 .345,4 345,6 :'N5,5 345,1 .M5,0 345,9 345,6 345,2 345,9 345,6 345,8 345,7 345,5

1987 345,5 .346,8 .347,0 .346,1, 346,2 346,6 346,9 .347,4 M7,9 347,9 348,5 349,0 347,1

*Atmospheric CO2 in parts per million by volume (ppmv), Annual averages based on monthly means, Ali nunabers have been rotmded to
the nearest tenth

TRENDS '90
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Cape Meares
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BACKGROUND 380-
Principal investigators 1

Thoma_ J. Conway 1 _ -
Pieter 7dns
Lee S.:Waterman , ¢'_
National Oceanic and Atmospheric i _ _60 -

Administration i
Environmental Research Laboratories i _ _ _ _._] = _0 ,_ ,, ; .I_•= _ ,_r.. o,, .
325 Broadway _ '._ '.ge" ¢ "_ .Boulder, Colorado 80303-3328, U.S.A. t .lh 340-

c: .'_
Air sample collection- With the use of a ] _
portable sampling apparatus, two Pyrex glass i t--
flasks (0.5-L) previously fiUedwith a dry gas i O

of known concentration and connected in _ f*') 320 -_
series are flushed for 5 rain' With ambient air _i C_
and pressurized to 1.2-1.5 times ambient i tO
atmospheric pressure.

Measurement apparatus- The flask

samples are analyzed for C02 concen, i 300 -q ....
trations at the CMDL laboratory in Boulder I _ _ _ = _ _ r
by using a UNOR,2 semiautomatic _ 1955 1965 1975 1985
nondispersiveinfrared gas analyzer, i Monthly atmospheric CO2 concentrations.
Data selection procedures-See

Conway ct al. (1988) and Komhyr et al.
(1985a).

Calibration gases.used- C02-imair. i __:_._ ..... _.._,,._:'_.':.'.'_.'.,',('_':::':":'_::f/" _ _'_._.":':'::_!_,.'_j_._i_ _ _,', .,

::.:::.::::_..'_:_._:!:ii:.._l_"_ ,,_.. ,_._:!_ _.'.._::*.'..'..:i.::gi!,_ii_:!:!ilii_!:__*_"'_
Scale of datareportedr- 1.982-:1.983,SIO ! ,,_,J ....... _.:____ ,_; ._t.:_#_!__!!_.'.._i_;#._ .....

. i_ •.;,_::._g._.._,..:_'_ _..".:.,__:_::__,....,,.:I..$_..::_,.,.,_:_,:$::

i X83molefractionseale; 1984"1987, SIO _ *"_¢_""_"_ ....:"r'":::_+'::'_v':"_:__'':':...._,5"_::..::_._.:;._.+.-_' _ ..... _:_:i_i.'.: .¢¢.:<..'.:,..:.::.2._'._.:,,_.:g:

X85 mole fraction scale: ,._:_:".::_.:_:_" .-_'_-._;_::_,'_,'-'_:*.".'."_!._:::,.:_*:_,'._::-:!¢._

Data availablllty-The::NO_CMDLflask 'I _........ "_...............' ": ........._"_" .... _":"_:*"_."2?'_,.".':':""':::':':'" *:.'i...:.:..
'_;_.:._.'_ ......_.-F._::_;_.._'_$.$'>._.'$_i::_ , _.:. '_ . ', :

CDIAC;:,The dataarehiVed :With:WMO are
..... _ _ _,"i-.__....::._... _:i... .. _._ .-.._._.,::.,_

!!pairaverageSli:Tlled al_':.fiv_ilabl'_h_Om::i. : .: ___ _zt,ii._ ._, _,,.... .'..
•:_.i :!::i:_:!:i:_:__$!:i:: '_,

CDIAC (Co_wayand:TanS,::l_)Contain.a i i_" _.::".':+' ::'.'.$!::.:'_:" _ , $::::::::::::::::::::::::::::::............ Cape Meares
complete listing of individualflask values, i _,:.tr_"'_:_:"x" _- • _:_::_:_:::::":::_:__:!*_....
with_flags indi_ting::thei results of NOA_d Oregon, U.S,4.
CMDL_s:data_selecti0n:_SchemeL ..... ._, i Promontory seashore . _"
.:::':::if:i!!:"i!':i:i;.i!i:".::i:.i.!.'::.!:::::?::::?:...:.:.::: : :...: :. :" : . .i /:. '. '.? !

.::.;:_:._#_:_:#::.:"._;_.:_:::..:._..:::_:.:..::___::.:::_:..::::::::i.:_.:i::::::._,i:. .: :. : • _ 30 m above MSL
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Atmospheric C02

TREND

The sampling site at Cape Meares is
operated in cooperation with the Oregon
Graduate' Institute of Science and

Technology.The NOAA/CMDL flask data '
from Cape Meares show an inca'ease inthe:

annual value from 341.0 ppmv in 1982 to
350:9ppmv in 1987, This representsan

increase o_-- 1,7 ppmv per year in
eomparlson with a global growth rate of

1,22 ppmv per year reported by Conway et
, al, (1988) for ali NOAA/CMDL flask
samplingsites for 1981.-1984.

Atmospheric CO_ concentrations at Cape
Meares show a seasonal pattern, with the
annual minimum recorded during August
and the annual maximum recorded during

_ January-April. _

|

::_

": i
!
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[ CapeMeares
1 ,.

A_mospherie Concentrations of Carbon Dioxide*

Year Jan Feb Mar Apt May Jun Jul Aug Sept Oct Nov Dec Ann

1982 342,7 345.3 345,7: 345.0 341,5 337.7 334.5 336;2 : 338,7 342.0 341,9 3zti.0
1983 343.3 345.0 345.3 347.4 346;1 341.7 341.0 336.8 r337.4 ,342;5 343'9 348,5 343.2

1984 345.9 346.8 347,7 348.9 347.7 345'.4 340,6 339.8 340.5 341.5 345,3 348.9 344,9

1985 351.7 347.7 350.0 351.5 350.9 344.9 341.0 343.0 345.6 346.3 351.1 347.9

1986 350.8 352.4 350.4 351.6 350.5 349.1 345.6 338,7 345.2 349.8 348.9 349.6 349.5

1987 352.0 351.8 352.3 353.3 352.2 351.7 345.7 342.9 349.4 354.2 351.9 353.6 350.9

*Atmospheric CO2 in parts per million byvolume (ppmv). Annual averages based on monthly means. Ali numbers have been rounded to
the nearest tenth.
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Atmospheric CO2
:_:_::_:;:_:_P.:._`.9_;;_`_..@._A:._`._:::::;:::::;_.::;_:_:;:::_:::.:_:;::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;:,::,,',:.,..%;::::,::;,::',;',::.:,',.q .:.: :.:,:4::::::::::::::::::::::::::::::::::::::::::::::::::::::::::',',:,:

C.onway, T.J P. Tans, L,,S. Wafcrman, K.W,
L "J

Thoning, K.A. Masarie, and R,H, (.;ammon.

3 1988, Atnlosphcric carbon dioxMc mca-

2 suremcnts in the remote global tn_pcP

9 sphere, 1981-1984.7"t'llu,r 40(B):81-115.

'9 Conway, T.J. and P. Tans. I!_,_). Atmc_sphcric
C()2 concentratlons--'l'he N()AA/(iM(2C

5 tlask sampling network, NI)P-i)OS/R 1,
;9 Carbon Dioxide Information Analysis

Center, ()ak Ridge National l.aboralory.

()ak Ridge, Tennessee.
Komhyr, W, D., I.,.S. Wa! c rman, and W.R.

Taylor. 1_183.Semiaui omalit: mmdislmrSivc

infrared analy/cr apparalus fur ('()2 air

sample analyses. Jrmmul of C/coldly,vital
Rc._'earclz 88:1315- '__

Komhyr, W.l)., R .t l. ( ;ammon, "i'.B, 1{arris,

I..S. Walcrn)an, T.J, ( ',.,ro,ray, W.R. Tayh_r,

arm K.W. 'l'h(ming. l',._8!';a.(}l,,,,t,at almos..

phcric ('()2 dislrit_uli,.',n,'-, and ValiatiOIlS

t'rl'_m 1!h'_g-,-'g2N( )AA/( ;M(:(' ('(.)2 flask

Sample dala..l_mrna! _:I ( /e_ph._'.ffcal
R_'Xe_lrc:h U'():55GT-9_,.

Komhyr, W,D., "l",H. i tarri.'-,, and I..,",;.
Walcrman. I*lg51_. ('alil',rali_'m _t' ntmr..li.s-

iu.:r,,..i,,'cml'tatcd ( '( )2 atlalVl.t,l'S with ( '( )2-

in-air rc'fcrencc g.a,',c_<,./r_uma/,'ff,,ltt,'u.",'.-

Idu'ric zmd (h'('cu_i(' "l'e;hm.qrJk'v2:g2-,'CS.
'l'h_ming, K.W., !'. 'l'ans, 'i'.,I. ('_mway, and

I,.S. Walcrman. I_JS/. N(Lq,,t/(;,'q('("

_'alitm, tion,v _J'( '()z-in-air rrji'r{'llC," EU,'fl'S:
1079-8'5, N()AA 'l'cd_nical M,.:_l',.,,_nd,Jm

ERI., ARI..-15(I. lCnvir,_mmcnlal Rt::.,arch

l.at.,_ral_,'y, l:l_uMt,:r, ('_dt,ado.

\V{_rM Mc lc_r,ah_gical ()rganizali(m. 1_8_L

Provia'i_real daily atm__s'I du'ric .'arb¢m di__.vid_'
('ot_(:etUr_llolLv .q,'¢mea,vllr_'d til IL,'Il'_toN sit('.v

for dw.}'cars IOa6 an_l 108'7. \VM()/FI)-I',i,.,,
3(_q,( ;cncva.
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Christmas Island

BACKGROUND !! 380"
Principal investlgator_ I

Thomas J, Conway , '
• I '/ F

Pieter Tans / _
Lee S. Watemmn " / t'3
National Oceanic and Atmospheric '_. "lt. 360 -

' iAdministration
Environmental Research Laboratories I cn:, ¢--

325 Broadway i_ '_0 --__u

Boulder, Colorado 80303-3328, U.S.A: i ._ 340

Air sample collection - With the use of a _ t::::O
portable sampling apparatus, two Pyrex ! O

,, ¢..
glass flasks (0,5-L) previously filled with a O
dry gas of known concentration and f._
connected in series are flushed for 5 rain o_ 320

with ambient air and pressurized to 1.2-1,5 C)
times ambient atmospheric pressure.

Measurement apparatus -The flask
samples are analyzed for CO2 cone,en. 300- .
trations at the CMDL laboratory in _ _ " _ _ 1 r- ..... r
Boulder, using a UNOR-2 semiautomatic 195,5 1965 1975 1985
nondispersive infrared gas analyzer. Monthly atmospheric CO2 concentrations,

Data selection procedures-See Conway
et ai. (1988) arid Komhyr et ai. (1985a).

Calibration gases used-C02-in-air. ,,.- .
"5"," ., _,5',.._,,., "_,

Scale of data reported - 1984-1987, Sl() _3 i_ii_ i!:!;ili!i;:iii::_ii!i!!iii_!::i:_i:)?_iiiiii!i:_X85 mo le fract ion scale. :::i!iii:_:_:i_:i;_:_ !!!_ii_i!!i_i_i!_;i_i_i::i_i::i::_i;i!i:iiiii_:_::::_.,"V
.:!::....a,_.!.:"._._::::::i:i71!,._.!::!!ii!:!:!:::i:!.:i:::ill:i/::'._P,.._

Data availability-The NOAA/CMDL flask __' _.,ai!ii_!ii!ii_ili:.ii!iiii!_ili!iiiiiiiiii)_"(iill_/_data have beeil archived with WMO and ' ' " ............ __ ' ...............................,.,::.. ::':::-:.:-:;:: .;;: _;_'.:. :..:.. ,::::.:: "..:'..: ;:..::,: ,_

CDIAC. The data archived with WMO are ,,_,_;:i:;::'i:,. •...........: .................•............_ _ ..... -,.: ."

pair averages, The data available from ._ ::;:ili!:iildi::i!i::!:_i:__ !i__ . :_iii!_7!]!!ii!i:ii:;iiiii_i_

•_i_::!:?::_i_:_:_:i:!_;ii:;:;::., _ _ _ _ ::_':"_¢

CDIAC (Conway and Tans, 19_X))contain a ! !iiiii!i!!iiii _:_!i_f I_/:_.........
complete listing of individual flask values, _.:._.w:::::.:_ ::. .:.:.:_:_,_;, "
with flags indicating the results of NOAA/ "

CMDL's data selection schemes, KiribatiChristmasIsland ........ _!i!i?i:_.j, ._.....
Island seash ore

2° (X)'N, 157° 18'W /
3 ni above AISL I
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Atmospheric CO2
"', " , .., ..... .e ,,..o.e,,.,. °e,,, .,.o•• °,. ,¢, .. , ,.°..-°°,.,.,.°.,,........ .<...,,,. °,,., ..., ,,., °$,...... °,°,,.°.,,,,e°,,,.°,.°o..ee°','e".e,• ,°e

, _

The sampling site on ChristmasIsland is
operated:in cooperation with the Scripps
Institutionof Oceanography.

The:NOAA/CMDL flask datafrom
ChristmasIsland show an increase in the

annua!value from 345.1 ppmv in 1984to
i 348.4 ppmvin 1987, From1984-1987, the i

annualaverage CO2 concentration at ]
i Christmas Island showc'd a 0.83 ppmv per !
I year increase, Conwayet al. (1988)found a

global growth rate of 1.22ppmv per year for
ali NOAA/CMDL flask sampling sites from
1981-1984.

Based on the few years of data available,
atmospheric CO2 concentrations at
Christmas Island show variable seasonal
patterns. From 1985-1987,annual minimum
values were measured in October, Februar3,,
and January, respectively. For the same time
period, the annual highwas recorded during
either April or May of each year,

_ TRENDS '90



Christmas Island

Atmospheric Concentrations of Carbon Dioxide*

Year Jan Feb Mar Apr May Jun Jul Aug Sept ,Oct Nov Dec _Ann

1984 ' 345.6 346.9 346,7 34,5.6 '345.0 344.6 343.9 343,4 343.9 344.9 345,1
1985 345,4 345.8 346,7 347.4 346,9 347.3 346.2 345,6 345,1 344.5 344,7 346,0 .'346,0

1986 346.5 345,2 347,0 348,6 347,5 347,8 347.4 346,3 346,0 345.5 .M5,9 345.4 ._,6

1987 346,7 347,,4 348,7 349,4 350,0 348,6 348.3 349,0 348,1 348,1 348,1 349,1 348,4

*Atmospheric CO_ in parts per million by volume (ppmv), Annual averages based on monthly means. Ali numbers have been _ounded to
the nearest tenth,

TRENDS '90
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Atmosplleric CO2
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Konihyr, W.D,, 1.,,;._,WalcrlU_ill, arid W,R,
Taylor, [q83, _t_llliatlll>llllllil'. nondi_l_c.rsivc.

infritrod an;ii),7'cr apilar_llu.<, fnr (_()2 air
S;III1[}lc',itIICiiy.'-iCS, d_Jllr#lliI ig' (Sl'+iI _h)'sic¢tl
Re,s'earchK",I:t315 322.

K_lrnhyr, W.I)., R,! i. ( iamllltm, 'I' B. 1llirris,
1.2,;,Walt:rra;in, TJ. (i_ m,,wly, W,R, 'l'ay[lll,

and K.W. "l'h_lning. I_)HSa. (;hlhal

i_[n'lii._l_ht.'lit, ('()2 tli._l ill)til itlllr_ lilltt
varial iim.,; ['i_illl ] I,Ifl_ _;1 N( )Am/( i _ (.'('

( '( )2 rl;i,,,k _;aillplt.. (1;11;i..]<_ttrtlcll t(f

( il'olJ/lysiclll P,e,_'t'f/n'lt 1_11:5567 _)f_,

K(linhyr, W.I),, T.ll. I i;irri<_, _ilit] I;.S.
Walt, rnlan, lqS._[l. I"';ili[_l';illllll til" n_mdis-

per_,iw: ill['i ;irt;tl ('().! _in;llv/cr,', wiih ('( L'-
in-air rt'ftyl_.'llct ' _.,.;i,,;c._.Jtutrtitll t_.,/',.llt#l<).l'-.

[Jlleril: atl,l ( )t'eatlil' 'l'_'¢'/ltl<d<J,l_v2',_42 SS,

'l'lltlniti E, K,W,, I'. l';ill.<,, 'l'..I. (.'(llIW;ly, ;iri([

l.._. Walcrilian. 1_,_;7.IVf),,I,.I/(;,4[(..'('

/979-_'._. N()AA 'l't, chilical Mcnl_lrlindiinl

t qRI.,A RI.,- I 5(i. 1']nvii tiilniclll;l[ l(usuarch

l,lihorat_l'y, lltmlder, ('_)h_rach_,

Wt_rld M oleorc_h>gic'al ()r_;llii/iil hre. lugol
/'rot'isi( _nal <lclil_;_llol¢_SlUieric (:_/r/><m dioxide
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ColdBay

'Principal,Investigators ] 380 -

Lee S,:Waterman 1:7,

Pieter Tans _ 360 '

h_

National O_anic andAtmospheric
Administration m •

Environmental Research Laboratories _ " _ ¢'"a s ._ t.g • ,

325 Broadway 'p , k l, ,_e ,: • ..
Boulder, Colorado 80303-3328,U.S.A.._ 340 [./':': " ' : •

Air sample collection-.With the use of a • ' " " _ " " '

""portable sampling.apparatus, two Pyrex ,, :, ,' ,"_
glass flasks (0.5-L) previouslyfilled with a O
dry gas of known concentrationand tO

320-
connected in series are flushed for 5 mln O
with ambient air and pressurized to 1,2-1.5 (.)
times ambient atmospheric pressure.
Measurement apparatus- The flask !

samples are analyzed for CO2 c_neen- 300 -
trations at the CMDL laboratory in Botdder i i _..... i - _ '1 ......q-
byusinga UNOR-2 semiautomatic 1955 1965 1975 1985
nondispersive infraredgas analyzer. Monthlyatmospheric COz concentrations.
Data selection procedures-See

,.Conwayet al. (1988) and Komhyr et al.
(1985a)................ .u__ ..........,.. ,,- _., ,,.......,...' .' :'"" ":':'::i!!:._ii!ii::. . .'., ._,.-_

/"._:::::::.:??::_:_:i::ay... ::::::. .'_" . _i'_: ......... _' _'_>.:_..,_,×........... ,_"._....... ,........... _........ _....... _.._ ._ .........................Callbr_tion gases used- CO2-in-air. _i_,:.-.'.::_. •........ ,_:_:.: ::.:::::.......::::::::::::
T .::_:i:!:i:_:_!:i:ii_._:'..:.•":i:i:i:i:'._ "_i!:_:i:i:i:_¢:i::::i:i: :::::::::::::::::::::::::::::::............

X83 mole fraction scale; .1984-1987,SIO .:.;_:i......... . ..:.::_,.::::_...-........: .................!_::,:::::::
X85 mole fraction scale. .,:.:::,..::_.-". ................:::.:.:.._............................-':_.':::................iii

:i

Data availahillty-Th_ NOAA/CMDL flask '_.:::::'" _........._:::_....................._ - _:::_ ::i__I(_!]_' _'data have been archived with WMO and _$:::: ::::::::::_::::::_.::,. _._i::;i:!::_.,.':i::2i:i:i::
............... y........ :,.CDIAC. The data archived with WMO' are

, , q::::: :::::::::::::::::::::: :::::::::::::::::::::::::::_:" .<_..::i:!:._.<!. '

_:_:!i!iii ! x,pair averages. The data availablefrom ' _ii_

CDIAC (Conway and Tans, 1990) contain a i iii :_ :.g
complete listing of individual flask values ! Cold Bay i_ _ ....._ . _.'iii_i_:._:i.i:!:_:'_:_::_:_:::::•_," ..._.v-

' Alaska, U.S.A.
with flags indicating the results of NOAA/ :!, . Treelesspenmsula
CMDL's data selection schemes, :_! 55012'N, 162043'I4:

' : : ii 11m above MSL
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Atmospheric CO2

TREND
These data are from th_ NOAA/CMDL

flask sampling program, Th_ sampling slt_
at Cold Bay, Alaska, is operated in
cooperation with th_ National Weather
Service, Th_ NOAA/CMDL flask data from

Cold Bay show an increase in th_ annual
valu_ from 337.7 ppmv in 1979 to
349,6 ppmviin 1.987. Conway ct al, (1988)
rcix)rted a 1,44-ppmv mean annual growth
rato at Cold Bay for 1981-1984 in compar- i
ison with a global growth rate of 1.22 ppmv iper year over the samo time frame for ali i

NOAA/CMDL flask sampling sites. 1
Atmospheric CO_ concentrations at Cold 1

Bay show a seasonal pattern, with the t
annual drawdown typically in June and the
annual buildup occurring in November,
Conway et al. (1988) found the average

"1' peak-to-trough amplitude for Cold Bay to
be 14,27 ppmv from 1981-1984.

. _,,, _r '_11¢ _l '



' Atmospheric Concentrations of Carbon Dioxide*

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann

1979 340,1 340,9 341,5 .342,7 342,7 339.3 332,0 327,2 33!,1 336,1 339,2 340,5 337,7
1980 341,5 342,6 344,0 344.8 344,3 341.3 334,5 330,3 33'3,0 337.5 340,8 342,3 339,7
1981 343,9 344,8 345,4 346,4 345,2 341,5 335,5 331.2 332,9 339.9 342,4 344,3 341,1

1982 345,4 346.1 347,3 347,9 347,4 343,7 336,0 330,7 332,6 338,5 342,5 344,8 341,9

1983 346,8 346,4 346,0 347.7 346,5 343,8 335,3 333,2 337,9 343,9 345,8 346,3 343,3
1.984 348,1 349,9 349,4 349,7 .348,9 345,7 338,4 337,7 3_,7 344,8 346,9 349,2 345,6

1985 .348.7 350,6 351,8 352.0 352.2 .349,3 343,8 336,6 339,2 344,8 347,9 349,1 347,2
1986 351,9 351.5 351,7 353,2 353,0 350,4 343,8 338,2 341,1 345.1 348,8 352,1 348,8
1987 351,5 352,5 353,1 354,6 354,8 351,0 _ 345.3 338,9 340,8 348,1 352,6 352.5 349,6

*Atmospheric CO:_in parts per million by wdume (ppmv), Annual averages based on monthly means, Ali numbers have been rounded to
the nearest tenth,

' 'F' "71_ ,ND5 '90
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Atnlospltt_rtc C02

.,..,.., ..... ,., ....... ,. r ...... ,

tc,* 1{I._1!I.!_RI)_NCI_S
i (',_mwtty, '1",,!,,1', 'l'tuls, I,,S, Wtttcrmttrl, K,W,

nn Thtming, K,A, Masark:., tlnd R,ll,
7,7 (Itunlnon, 1!18.8,Atrnc)sl)hcrit: Cttl'bOll

•9,7 dioxido mt_lisurtmicuts tu lhc remote, global

1,1. trlq)osphc rc, 71!J81-.I!t_1.,71,.Ihts
40(B)',81-1 15,

:1,9 Cl)nway, 'r,.I, ltlld l:'. 'l'ltns, 1!_), Almos-

:3,3 phcric C()2 coricc, lltrtit ions --The
].5,6 N(1)AA/GMC.C. ['liisk sitrrlt'ding network,
;7,2 NDP-(I05/RI, Carbori l)toxldc, lrlfc)rrrlatlon

_8,8 Analysis Center, Oak Ridge Nittiimal

_9,6 L,ilborlitory, ()ilk Ridge, Tt;rtncs.,icc,
Konihyr, W,D,, L,S, Wlltcrnlllll, ailt[ W,R,

Taylor, 1983, Sumiautonlattc rlondispcrsive
to infrilrod tulalyzt:,r lll_l'_lirilltlsl't_r(!()2 air

sanipl¢ analyse.s, Jottrtial of (;eol_hysi(:al
Research t¢8:1315--22,

Komhyr, W,D,, t;',.,H, f.lamriltm, T,B, ! lllrris,
I_,,S,Wtitcrmltn, T,.I, (.'ot,wlty, W,R, Taylor,

and K,W, 'l'luming, 1!11'45t1,(;ll_l_illiiimos-
phcric C.()2 tlist ril)ut iilliS anti Vili'iiliit_ns
t'ronl 1_#f_4-82N( )AA/( iM(.'.('.('()7 flask

silirllllc' dlll tj.J(Jttrnal _f ( h'(_l_lly.vical
l_(',v(:ar(,li IX):55flT--_5 IHI,

Killllhyl', W,I),, T,ll, I {ilrris, illld I.,,S,
Wiilcrnlllli, 1(_851_,(!iilibrilliiili cii' iltllldis-

pcrsivc illl'i'ilrl.'d ([:()2iiilillyTt, rs with ('.()2-
in-ilir rel'ert.'nt'o gli._qc.h,Joltrtlal of,,ltlno,v-

pticri(: a/ld ()(:cii/ilo 7'cHItle_h_<l',v2:_47'-("48,
'I'horiing, K,W,, I'. 'l'all.<;,T,,I, (:onwliy, lu_d

I.,.S,Wiltcrmart, I(,_S7,N()A,4/C;AIC(.:

ca/it_rati¢ms of (:() z-in-air r('ferctlce ga,rc,v;
1079-85, N()AA q't!chnic'iIl Mc,rlli_rilritlurl_
I.:.RI_ARL-150. l:f.nvirt_iiirieiltal l_.lDst.'ilrch

i.lll_tlrilioly, Ill,tilth:r, ('l_h_rlltlt_,
World Mt!lt't_rt)lt_l;,iclil ()rl,:,ilniziillim, ll)_(),

l'rflt'i,_'iot'lfl[(l_lt'l_'l'lltll<J.VlJ/ll'rl'c ('Ill'/)(iii

di¢xvi¢l¢ i"¢Jtlc('#ltrfl¢[o#ls a,_' #H¢'aslil'l'd til

fl,.I t't'llc_Nsitc,vJ'c>rt/Ic vi'ats I?SOarid 1oS7,
\VM( )f'l'l)-No, .I(){,,( it'llC\'_l.
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Halley Bay , : ,
BACKGROUND

Principal investigators 380-

Thomas ], Con way

Pleter Tans
Lee S. Watet_nat_ 1_
National Oceanic and Atmospheric ,_ 380

Administration (o
Environmental Reseat'cb Laboratories I::::

, 325 Broadway ,_O 340- _.x_B0tdder, Colorado 80303-33_, U,S,A, !,.1
Air sample collecthm- With the use of a

portable sampling apparatus, two Pyrex

glass flasks (0,5-L) prevk)usly filled with a O

dry gas of known concentration and C,.) 320connected in series are flushed for 5 rain _ -

with ambient air and pressurized to 1,2-1,5 O
times ambient atmc)sphertc pressure, _)

l Measurement apparatus-The flask
samples are analy'zed for COz concet|- 300- _
trations at the CMDL laboratory in Boulder _........ _ t..... 1-"...... 1...... -u
by using a U NOR,,2 semiautomat ic 1955 1965 1975 1985

nondispersive inf,'ared gas analyzer, Monthly atmospheric CO2 concentrations,
Data selecthm procedures-.. See C?.onway
et al, (11.988)and Komhyr et al, (1985a),

Callbta_tion gases used- C.Oz-in-air, ...,.:................:_,_!_l_ii!i!;!_, _._ ,.,,._ ..........Scale of data _po_te(! - 1.983 (Sl() X83 ._.:._;i_i;;_:;:_:_:::_::_ ........

i mole fraction scale) 1984-1t.98'7(SI(.) X85 ...... i:__;_;_!:i_.:,::i_;_:;::_:,::,:,.......<:?:,:,:::_:'.,. . _,_ii_ili!ii_iiiiiiii!ii_iiiiiiiiiiiiiiii!iiiiiiiiiiiiiil_,,,,,,_:,,,:_-:

. , :_iii;i_i;ii_!_''_ ,: '.:'_'I_!_ ........_'_"_':'::..,

i!mole fraction scale) i i_iiii_ill::::iiiiiii::ililiiiiiiiii!iiiili!:_:_:_:'_'_,_'!iiiii!i  iiiili!i!i!iiiiiiiiiii!iiiiiiiiiillii!:,
;i!,!iii!,;:?ii,., ,i_

! Data availability-The NOAA/CMDL flask i "_._:_v:._,.. _i;iii!_!_:_!_i;i_i_i_i!!iil ........._:::'__'....
il data have been archived with WMO and i "a ' iif_ii!_ '_iiii!_;_:ii!i!iii_,:'
I' CDIAC. The data arehlved with WMO are ._iiii::;iiiiiiiii_...'L'_!ii!i!ili!iiiiii!iiJ::iii;!_ '_ '_iiii).._.:..'?_' _'

pairaveragc_s.The dataavailab,efrotn _ ii_ _)

"i!!ii!ii:i:i:i:i:_:_:i:i:!:ii!::lli!!!i!i::"iii!!i:i:iiiii:i'i:i:?.i

-'_ a , r:_:i:!iii!iii!!?ii?!iii:i:i:i:?:;: !:i:i:i:i:i!i:3!i!i!i!! ..::i:::iii?:iO::i_ 'CDIA(. (Conway and Fans, 1990) contain a il _._._,.::'"._,a,,
complete listing of individual fh|sk values ................._:_:::::_:_:_i!iii?i:!:ili:?:!:!:i:i:ii!!!:i:i::'_,

with t'lal_sindicating the results of N()AA/ llalley Ilay " '_il/i._ __'_"..'_CMDL':; data selt'ctio|| schenws, Antarctica
13arv't',t! st'a,_'h ore, _L

,7.5040'S, .27° O0'W "_
........................................................................................................3 m above MSL

i



ColdBay
_,_:_,:::_ _,,::,'_: _::$:,',_::2,p,::W4 ::_::_:::'_ rf, ,'."_,:::¢_,_, :::::_",_:>',4"P,_,_,_,::::,',_, _-_:_,_,:_:¢_,_,_ :::4"2:_:_,:,%",_:,,':'4R_,,:,>,:¢4,q,::::_,'P,_:':":_ _:::_._:,_ _'_::_4:::::_,:',:_ :-,:,'_,::_,:,_,_,,_2:,_: R_,:,¢,,¢,_::_$'35"_,'_,,_ ,a',,,,'__ _ :$,_, _,<::,.:,%'¢_, _',:'X4::::,'::_;:;,',":::_R,,_ _:: :¢:::,':¢_¢_'_,:,__ ,"_,_,'R:,__,:,o2::,_,_ _ _ _,__: __ ::_:,+,_:_. ::::_,:::,¢4'2:_:::,::::::_ ::_ _ ::W-f,:_,:_:::_,¢4::_$:1_ :'2,:'3:,",':'4"_

Atmospheric Concentrations of Carbon Dioxide*

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann

1982 345.4 346.1 347.3 347.9 347.4 343.7 336°0 330.7 332.6 338.5 342.5 344.8 341.9
1983 346.8 346.4 346.0 "_7.7 346.5 343.8 335.3 333.2 337.9 34319 345.8 346.3 343.3
1984 348.1 349.9 349.4 349.7 348.9 345.7 338.4 337.7 338.7 344,8 346.9 349.2 345.6
i9_ii_ill :_:7 : :350_6i_iii!_1351_8ii i_352!0 i _ 352.2 ii::_349,3_ : _:343.81: 336!611! +339.2 :_i 344,811:_347.9 349,1 347i2

1986:!i:!:35L9 ::; 351i15iii I:_35L7 :: 350:4 ; ::_343:8;' :1345!1 348,8 352.1 348i8
i987!i_ i35L5 ii ; 352:.5 _353,i 354:6 : ;1:3_18i i 3511i0 i:i_5.3 i i 3_19 _:18 : 1348.1 352.6 352.5 34916

,

*Atmospheric CO2 in parts per millior, by volume (ppmv). Annual averages based on monthly means. Ali numbers have been rounded to
the nearest tenth.
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Atmospheric COz
:::::::::::::::::::::::::::::::: ................................................................... •....... .............. . ...,....... ,.......

>.........,.....,,...........,... _......`._.``_._....._..`......_...........`....._..._........`.......`._......._.......__.__`... ..._ ,,..,,....,........,..,,

le* REFERENCES
Conway, T.J., P. Tans, L.S. Waterman, K.W.

an Thoning, K.A. Masarie, and R.H.
1.7 Gammon. 1988. Atmospheric carbon
L7 dioxide measurements in the remote global

t.1 troposphere, 1981.-1984. Telhts
,U)(U):alq15.1..9

Conway, T.J. and P. Tans. 1990. Atmos-

't.3 pheric C()2 content rawions -The
L6 NOAA/GMCC flask sampling network.
1.2 NDP-(X)5/R1. Carbon Dioxide Information

i.8 Analysis Center, Oak Ridge National

L6 Laboratory. ()ak Ridge, Tennessee.
Komhyr, W.D., L.S. Waterman, and W.R.

Taylor. 1983. Semiautomatic nondispersive
o infrared analyzer apparalus for CO2 air

sample analyses. Journal of C;eophysical
Research 88:1315-22.

Komhyr, W,D., R.H. Gammon, T.B. Harris,
L.S. Waterman, T.J. Conway, W.R. Taylor,
and K.W. Thoning. 1985a. Global atmos-
pheric C()2 distributions and variations
from t_k_-82 N()AA/(}M('C CO2 flask

sample data. Journal of Geophysical
Research _):5567-55%.

Komhyr, W.D., T.B. [farris, and L.S.
Watcrman. 1985b. Calibration of nondis..

persive infrared CO2 analyzers with CO2-
in-air reference gases. Journal of Atmos-
pheric amt Oceanic Tecfmolo,w 2:82-88.

"l'honing, K.W., P. Tans, T.J. Conway, and
L.S. Waterman, 1987, N()AA/GMCC

calit_rations _:(C.Oa-in-air reference gases:
1979-85. N()AA Technical Memorandum
ER L A RI.,-1511.Environmental Research

Laboratory, Boulder, (2olorado.
World Meteorological ()rganizalion. 1989.

Provisiotlal daily attnospheric carbon
dioxide con centratiotzs as tneasttred al

( _,'*tBAPMoN sites forthc years 19S6 and l"),S/.
WM()/TI)-N¢_. _,(t6.( ;encva.

41



Bay

BACKGROUND a80-
Principal investigators

77mrnas I. Conway
Pieter Tans ">-"E
Lee S. Waterman t'_
National Oceanic and Atmospheric ,_ 360

Administration co
Environmental Research Laboratories t-

O d_.,¢.,_t325 Broadway ._
Boulder, Colorado 80303,3328, U.S.A. _ 340

Air sample collection--With the use of a i t--

portable sampling apparatus, two Pyrex i O
! _ -

glass flasks (0,5-L) previously tilled with a i O
dry gas of known concentration and : (,) 320-connected in series are flushedfor 5 min _.

with ambient air and pressurized to 1.2-1,5 :: OCD
times ambient atmospheric pressure,
Measurement apparatus - The flask E

samples are analyzed for CO2 concen- i 300
trations at the CMDL laboratory in Boulder I i i t i 'l
by using a UNO R-2 semiautomatic 1955 1965 1975 1985
nondispersive infrared gas analyzer. Monthly atmospheric COz concentrations.
Data selection procedures- See Conway
et al. (I988) and Komhyr et al. (1985a).

Calibration gases used- CO2-in-air. .:.:_.:::,...........__iii::!_ _....

' :::::::::::::::::::::::::::::::::::::::::_iii_i_:_:_ .Scale of data reported- 1983 (SIO X83 _ii iiiiiiiiii_!i_ .._, .:i_ii_:!'_:" '....
'..:14,e _;:...: : ......... _ ':' ':':':':':'.L ' ''b::_.¢_. ......

mole fraction scale) 1984-1987 (SIO X85 '_................"................._ "'" __.................
il iiili!_i_iiiii!;!ii:i_i_" __i!_!i_..:..:_!_i!_i_i!ii _iiiiiiiiiii_0,_._':::_:_iimole fraction scale). .._::!:iiiiiii!ii!!!!!.:!.:r _.._!:_..:_!_ _!_l..://J

: , "_i_i_i_!i__:_:::::_ :_:Y_t_._:_:_:_Data availability- The NOAA/CMDL flask :_iiiii_,_ _:....,:_ii_iiiii_i!:::_.,.;:_.:_-':-::.:_iiiiiiii__:_..__

datahave been archived with WMO and _i_._............_. .::::i_iiii::ili::!iiiii!ii!ii!iii_i::iii_i_:!ii_._
CDIAC. The data archived with WMO are ..........";, ,_'...........................

pair averages. The data available from "!::i'ii"i'iiii!_) :i_"_'i' ' '::"_;'7"_:::'._b..CDIAC (Conway and Tans, 1990) contain a ..... i::::_:i:_::i,'

complete listing of individual flask values i! ' _ i"ilwith flags indicating the results of NOAA/ Halley Bay ' ,, r. '

i CMDL's data selection schemes. Antarctica i!_i" '._ .._
i Barren seashore

!i 750 40'S, 270 O0'W
_! 3 m above MSL ': .......................... , ...........................................................................
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Atmospheric CO2

TREND
These data are from the NOAA/CMDL

flask sampling program, The sampling site
at Halley Bay is operated in cooperation
with the British Antarctic Survey. The
NOAA/CMDL flask data from Halley Bay
show an increase in the annual value from

341.3 ppmv in 1983 to 345.0 ppmv in 1986.
By simply dividing the difference between
the 1983 and 1986 annual averages by 4, this
represents a growth rate of 0,93 ppmwper
year at Halley Bay. For comparison, Conway
et al. (1988) reported a global growth rate of
1.22 ppmv l_eryear for ali NOAA/CMDL
flask sampling sites for 1981,-1984.

Atmospheric CO2 concentrations at
HalleyBay show a seasonal pattern, with the
annual minimum measurements recorded

during January-Aprll and the annual
maximum during October-December.
Conway et al, (1988) found the average
peak-to-trough amplitude for Halley Bay to
be 1,25 ppmv.



Ihh..... k

,. Atmospheric Concentrations of Carbon' Dioxide,

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann

1983 339;8 , 339.9 : : 340:,1 340_5 3411.0 342.0 341.7 342.4 342.2 342.3 342.5 341.2

1984 342.0:! : 34L9 34i:6 : 34213 342.7 .343.9 M3.5 343.5 342.3

1985 343.0 34228 :i 344,1 343.6 344.7 N4.9 345.0 iM4.8 345.4 344.3
1986 344.3 3452 343.9 343.9 344.2 344.7 345.3 345.2 345.6 M5.8 345.7 345.6 345.12

1987 345.8 346.7 345.9 346.4 346.4 347.3 347.7 348.5 348.8

*AtmosphericCO2 in parts per million byvolume (ppmv). Annual averages based on monthly means. Ali numbers have been rounded to
the nearest tenth.
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Atmosplleric CO2
:::::'.;',;:;::9,,5',>,;ft:;'.:::;:::;5:;:.59,::.::9,,%;::;:.::5:.:::,:;:;:;5:',:;:;'.':¢5;',;:;'.::;',;::;::.555:,5:;:,',::;;;:::::::.5:::',::5:,',:.ft:,:.:+ ;:'.,:;.;;;::5:,'::,;;'Y?,;:.ft',::,;.;,:;::;,;::.:.:,::: :,:':.;:;45>;;:;:;,;;',;:;:,:

lc* REFLRI_.,NC!!_S
Conway, T.,I., P. Tans, In.S. Watcrrnan, K,W.

art 'I'hlming, K.A. Masarit:,, and R.II.

1.3 Cianamon. 1988, Atnaosphcric carbon

2.7 dioxide nw.asurcmcnts in rho rcmote global

1..3 . troposphere, 1!)81-.-Iq_84,7"clh_.v
40(I3):81.-+ 115.

5.0 Conway, 'F.,I. and P. Tails. I_,_). Al mos-

phcric C([)2 colaccnl rat ions. -+ 'l'hc

N()AA/(iM(..:C flask sampling network.
NDP-005/R l. Carbon Dioxide Inl'urmatitm

?.o
Analysis C,entcr. ()ak Ridge, National

Laboratory. C)ak Ridge, Tt:rmcsscc.

Komhyr, W.D., L.S. Waterman, and W.R,

Taylor. 1!,_$3.Semiautomatic mmdispcrsivc

! infrared analyzer apparatu,; ft_r (.?(12 air

: samplc, analyses. Journal of(iCOl;ql),Sical
i Rc,year<rh 88:1315-.+22.

i Komhyr, W.I)., R.tt. (iammon, T.B. 1 larris,

I.,.S, watc, rman, T..I, (Mnway, W.R. 'l'avlc, r,

anti K.W. Thoning,. lt)SSil. (;lobal atmo,,,+

phcric ('()2 dislribut ions and variations
from 1t_i8-82 N( )AA/t.',M(.'.(: (_()2 flask

sam plt data. ,/+mr'nal +,f C;eOl_tt3,sical
t_c.vcarch _1:55((1-55i_._i

Komhyr, W.I)., "1'.1",.Harris;, and I..S,
Watcrnmn. 1t,_851_.(.'alibrati_m of non,.lis-.

pcrsivc intrarcd (:(),: analwcrs with ('(32-
in-air rc.fcrcnt:c gases, Jc_llrtta/ofAlt_lo.v _

,uttcric attd (k'_'anic 7i'ctt,¢_l_ W, z..,,,...,,,"'_"".'8,
Thorfing, K,W., I'. "l'an,'-;,'I'.,I. (?l'mway, and

_,',,1. N()A A/(i,_[(.'(I,.S. Waterman. I_" '

calibrati¢,lS +_f( '()z-in-air ri'.[urunc__t,,axu,r:
1979.-+<S'5.N()AA Technical Mc'tn(_randum

I{_RI.,z\ !_,I.,.+15fl. l-'_nvit_mn_culal i_.c,'.,c;.trch

I +aboralt_ry, llouldcr, ('tilt_r;icl_+,
World Nlctct_r_+It>t_+;ical()rgani/atitm, l ll,v,_,

Fl'ot'isit 111(1 [ dtl i lv altH osp/I {YI'I'CI'll rt_( >t1

dl'(_xl'(l(, C¢._llCdllfrtlli(*lt,Y _IS Irl('¢gSlll'('d _11

tL.t I'AloN st'h:s /}," tilt vcar,s' /O,h'(_(//1_11'_),%'7.
\\'M( )/I'I 3, ,",1_ _,/){,.( icn_'v,_.
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Kaitorete Spit o ,o o

380-

:[

!

. _ceamc and :Atmosph_rm : i _ a60

t
B0ulder; Co16rad080303_3328; UiS;A. _ ] _ 340

::Alrlsa_pl6cb!!eetlon-Withthe useofa
pori:iible_ampl_g apparatusil two:Pyrex-- i ¢..
:#ass flasks (0,5:L)previouslyfilledwith a O
dry gas of known concentration and 0

320 -
connected in series are flushed for 5rain O
with ambient air and pressurized to 1.2-1.5
times ambient atmospheric pressure.

Measurement apparatus -The flask
samples are analyz_ d for CO2 300-
concentrations at the CMDL laboratory in _ _ _ _ = _
Boulderby usinga UNOR-2semiautomatic 1955 1965 1975 1985
nondispersive infrared gas analyzer. Monthly atmospheric CO2 concentrations.

Data selection pracedures-See Conway

i et al: (1988) and Komhyr et al. (1985a).

Calibration gases used-CO2-in-air. , .._i_:_:_:iiii_:._ ,_. ,_..,.:_i_i_i_i!!::_i_:_2[_:i:.:ii_i_ ....... ._!._:_:::::!_::::.:_......

Scale of data reported-1983, SIOX83 -.,.,,.u :_._:_:_ ......._ :_:__;_ _:_:_:_._.;_?::::::::::::::..._:::::.:....._ ::::::::::::::::::::::::::::::::::::::::::::::::::::

mole fraction scale', 1984-1987, SIO X85 !i!il!_'_!i_i!iiiii_!_i_iii_i_i_i_iLi!!...... ,_:.,.......:.....................:........mole fraction scale. :_!iiiiiiiii::i_ _: .2..¢-!_iiii::i!i!iiiiiii__i__::_____::_i_

Data availability- TheNOAA/CMDL flask :::::_.-;_;-':_- ......_:_:::_............... "....."_":_:_::_:_:_:_:_:_:;?_:::_ )i IT

data have been archivedwith WMO and '_.:::................."'.....:_ "!!i'!ii"::'"::::"::'':::"::_r_._...........................iii.... ':'_ ', i_ i_ ', :'
CDIAC. The:data archived with:WMO are ............................................................................!i:_!i:i_i!ii.i:iii:iiiii!iiiiiiii:i_., i

pair averages. The data available from i_iiiiiiiii_i!iiiiiiiiiiiiii!ij_:iiiiiiiiii!i!iii::ii!::_i "i!iiiiiiii_._ " ::::!i!_!_!i:i:ii!:i:i:!ii_i_:i:i::."_,'

CDIAC (Conway and Tans, 1990)contain a ...._iii!ii!::ii_? ,.complete l_=ting of individual flask values

with flags indicating the results of NOAA/ i_ NewKait°retezealandSpit " .._ _"CMDL's data selection schemes ' i
: Treeless spit
= 430 50'S, 172038'W

il......................................................................................................_ 3 m above MSL
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Atmospheric CO2

.°.m..v,,°v°.,v..,.,.w°o.w°,°,ow¢..,.., °.°..¢°°°.°w°,,,c,v¢°c,.ov°v.,.,,,.¢¢.....°v,. °.°°, ,-°,,,v, °. °,°.,.,°°°°°._.,,, °°,_;

TREND
These dataare from theNOAAICMDL i

flask sampling program.:The samplingsite ":
at Kaitorete, Spit was operated in
cooperation withthe National Center for
Atmospheric Research. Samplingat
KaitOreteSpit:_/asdiscontinued in 1985 i
after:it:was:established that the Cape Grim !
siteWas:am0i'e suitable site for represen, i
tatiVemeasurements :atthat latitude.

TheNOAA/CMDL flask data from

KaitoreteSpit show an increase in the
i annual value from 340.7 ppmv in 1983to
34216 ppmvin 1984. Conwayet al. (1988) i
reporteda global growth rate of 1.22 ppmv
per year for ali NO_dCMDL flask
sampling sites from 1981-1984.

:i

:i i
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ey _ , _. _ ,. _ _ _. _ , _ _. __ _._......... _............._................... _.._._..._.........o.,_.............:..;.,..:._......:.:.:.:.....:._......;.:.:.:..

_e'_._``._..._-_`a._¢_.._`._._`_-`.-_._._._._._._._e_`_`.._--_._._`.`_`._..'_....`._`._._._`_'_.`_`_._`._._-``._

BACKGROUND ! 38o -
principal:inveSti gators::! i

i
Thomas J. Conway .......... ,
Pieter Tans." .... : .... .... ' ! __1
Lee S,.Waterman _ _Q.
National Oceanic.and Atmospheric ,,_ 360

,:i/: :Administration m .3.
:!),:Environmental Research Laboratories _ ._#.. %.

325 Broadway '4_ , #. met...'d _"";t_ •
Boulder, Colorado 80303-3328,U.S.A. ._ 340 t....°,,r"• .."., •qu • °o •

Alrsample collection-With the use of a w. • ,_..." .. v ¢ "
portable sampling apparatus, two Pyrex 00 _! '_:' ¢

t-- ¢glass flasks (0.5'L) previously filled with a O
dry gas of known concentration and CD
connected in series are flushed for 5 min e_ 320-
with ambient air and pressurized to 1.2-1.5 OCD
times ambient atmospheric pressure.

Measurement apparatus-The flask
samples are analyzed for CO2 1300-
concentrations at the CMDL laboratory in _ I 1 I u n u
Boulder byusing a UNOR-2 semiautomatic "1)55 1965 1975 1985
nondispersive infrared gas analyzer. Monthly atmospheric CO2concentrations.

Data selection procedures- See Conway
et al. (1988) and Komhyr et al. (1985a).

...... -i_i_ii_ii::::::i::_ _ ,+., :.,...._.:,.• :::::::::::::::::::::::::::::::::::::::::_,'_::_ ,;::::::::.

Calibration gases used -' CO2-in- air. :_ __ ____:i_."_,: _ ._, .:._ii_i :_-;.,._!_i_i_::::.:_!_i_i::.',_:

iiiiiiiiiiiiiiiiiiii!iiiiiiiiiiiiiiiiiScale of data reported- 1979-1983 (SIO .,:,>,-- _.i:ii!_iiiiiiiiii_sili!sii!!!_ ..N..i_:.._:i:!:!.i:_ ili:iii::!ii!i!_!!:_:_.._
_::::::::::::'.i'::'::::::.':r.:_ "_i;i:.:i_i!i!i!iiiiilEii_!i: :i:::;_"_."

X83 mole fraction scale) 1984-1987 (SIO _i:i_%::ii_/It_" _¢:_i_ !_.:_

i X85 mole fraction scale), ' ::_ii_C_,-:_-r... iiiii!!i}iiiiiii ii_Jii _i_iiiii!.i::ii_iii)_i_
i Dataavailability-TheNOAA/CMDLflask _!," ._ .!!i!!_iiiii_i!_ii!!i! i!::_? '!_!i_ ':''
i data have been archived with WMO and .._::_i_::_::_i_::_::_....x..._:._i_i_i_i_i_::_i_i_i_i_!_i_i_i_i

,iCDIAC. The data archived:with WMO are :iliiiiiiiii!ii!iiiii!_ii_ iiiilli!_i_ _'iii!iii_i _ _.___:_.'.::::..:'.5,,:,.._:_.!i

[ pair averages: Thedata available from ........_.:_::_:•

i CDIAC (Conway and Tans, 1..co0)contain a '%ii:::::" ' :::::::::::::::::::":'::'::::::::::""
complete listing of ittdividual flask values "
with flags indicating the results of NOAA/ Key Biscayne "_ .._
CMDL's data selection schemes. Florida, U.S.A.

Coastalisland seashore
25°40'N, 80° IO'W
3 m above MSL.......................................................................................................................... •

46



Atmospheric CO2
_.2_..::::::::.:.:::p_:::::f4::.:..:_:_:..:..:_._.:::::::::::::::::::::::::::.:::::p':::::_::::::::_.`..:_:._:::::::::;_':::::.:::::::::_:.:.:::_.,.::_.:$:::::::_7.::_..::::::::::::::::::::::::.:::::_:::::::::::::::::::::::......:::_'_;:_:::_:..._.:..::_:::::::3:::::

,, °., ,,, °, °°°.,°,,........,. ,.,°,, .... ,.o_.......,°_,,,.,,<°_,°.,° ,. ,-o.°,, ..,.,,, ....r° °.°.°.,,,..° ,., ... °.,°, ,...,., ,,,°°.., ,., ..,,.. °;

TREND i
!

These data are from the NOAA/CMDL !
flask sampling program, The sampling site
at Key Biscayne, Florida, is operated in
cooperation with the Sea-Air-Interaction
Laboratory.

The NOAA/CMDL flask data from Key
Biscayne show an increase in the annual
value from 330,7 ppmv in 1973 to
350,2 ppmv in 1987. Conway ct al. (1988)
reported a l.ll-ppmv mean annual growth
rate at Key Biscayne for 1981-1984 in
comparison with a global growth rate or i
1.22 ppmv per year over the same time
frame for ali NOAA/CMDL flask sampling

_ sites.

Atmospheric CO2 concentrations at Key
Biscayne show a seasonal pattern, with the
annual drawdown occurring in July and the

"-r annual buildup occurring in December.
Conway et al. (1988) found the peak-to-
trough amplitude for the seasonal cycle at
Key Biscayne to be 7.28 ppmv for the
1981-1984.

1

i
i
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Key B=scayne Atmosphc.ric C()Z
::::::::;9,,_:;:::_:'::;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::";:::::::i:'_:::::::::;::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::_'.'::;:::::::":::::::::::::::::::::/::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::"" '""" :':':':': :':':*:':':':':" ':: :':':":':":*:'b:.:;:.:.'::.::::.: , :.: :..::;::;:.::::', ,,::,::,:,:,:,:.:.:.:.::::::":;:':':':'' :':':-.':'::5:,:.,.:.:.:.:::.::::,:::.;:::;.:.:::":.:'::;::,:':':.:':':':':':':::':'::>:':;:::::'::',::':'.':':;:'

Atmospheric Concentrations of Carbon Dioxide* e* R E FE REN C li;S
Conway, 'l'.J., !'. Tans, I,.S. Waterman, K,W.

Year Jan Feb Mar Api" May Jun Jul Aug Sept Oct Nov Dec Ann in "Thoning, K.A, Masark', and R,It.

1973 330,4 331.3 332.6 334:1 334.3 332,9 330.5 328.1 327,0 327.5 329.0 330.7 330.7 t.'7 (; ammon. I 0,qS. Atmospheric carbtm
dio×ide mcasurcrncnis in liae. rcmc, te global

1974 332,1 332.9 334.0 i tropc, si_hc.,rc , 1981-. 1!)84. Tclh,'s !

19751 .R)(B):8 I-.-115.
1976 332.9 333.6 334.5 335.4 335.4 334.1 332.2 330.4 329.5 329.8 331.3 333.4 332.7 '..7 i Conway, T..I. and P. Tans. !!)_1. Atmos- i

1977 335.0 335.9 336.4 336.7 336.8 336.4 334.9 332.9 332.2 333.2 334.9 336.6 335.2 ::_.2 i phcric (:(), conccntratitms The !

1978 337.9 338.6 339,3 340.0 339.7 338.0 335.4 332.7 332.1 333.6 335.8 337.6 3'36.7 !').'7 __ NC)A A/(; M ('C flask sam piing nel work. i
: NI)I'-(I_)5/RI. (_aibon i)ioxidc Informalion

1979 339.0 .340.2 341.2 341.9 341.5 339.9 337.8 335.8 335.0 335.7 337.5 339.7 338.8 : _.8
Analysis Ccnlcr. ()ak Rklgc National

1980 341,2 341;8 342,5 343.0 342.6 341.,0 338.8 337,0 336.5 337,5 339.1 340.8 340.1 -I.1
! Laboratory. ()ak RMge, Tennessee,

1981 342.1 342.7 345,0 344.2 344.8 344.0 339,5 _,7.3 339,0 341.9 342.1 _).. 1 Komhyr, W.f),, I..S. Waterman, and W.R.

1982 342.7 344.4 345.1 345.9 342.6 341.6 338.3 336.5 337.9 339,9 341.5 341.5 _1.5 Taylor. 1!183. Scmiaulornatic nondispersive

1983 344.8 343.9 345.1 345.8 347.0 346.8 343.8 341..1 340.4 339.8 .341.8 343.4 34316 : _.(_ infrared analyTcr atq_aratus for (?()2 air

1984 '346.4 346.3 347.2 347,6 348,2 347.2 344.0 .342.4 340.7 343.1 344.8 345.7 345.3 • "_.3 samplc" analyse:.;, Jott/'mTl of (;eophysical

1985 347.5 347.6 349.1 349.8 349.4 348.1 346.7 343.5 341.2 343.5 346.0 346.9 346.6 • e,._, Research 8S: 131. " ?

1986 348.8 349.3 349.8 350.7 350:0 349.6 347.7 346.2 342.6 344.8 346.5 349.0 347.6 7.6 Komhyr, W.D., R.lt. ( ;ammon, T.B. itarris,
I,.S. Walcrman, T,.I. (?_mway, W.R. Taylor,

1987 350.1 352.1 352.2 352.7 351.7 351,2 348.9 348.2 347.0 .347.2 349.5 351,2 350,2 :_1.2 and K.W. Thoning. 1985a. (;h_bal ai mo:_-

phcric C()2 di:aributions and variations.i ..,.... ,.,., ..,../....i.,,..v........ .. ..,..,...v.........,. v..,.....,..,.,.................,...

• Atmospheric CO2 in parts per million by volume (ppmv). Annual averages based on monthly means. Ali numbers have been rounded to _,, from 1'_68-82 N()AA/(; M C(' (:()2 flask
the nearest tenth, sample dal a. J)mrnal _Jf (/eOlgO,sical

Rcs,'arch 0(1:'_5(/7 55')¢,.

Ktmlhyr, W.I)., "I'.I_. t larrieq and L.S.
_,V;.llCflllilli. 1_,_£5b.(?alitn'ali_m o1' noildis-

l)crsb,.'c illfrart.'tt ('()2 analyzcls with (?()2-
in-air rt_'l't?lCllwt' _.fdisc,'4, ,iotlrtlal oflt/no.v- :

"3. L' "} _,l_
F/ic.ric and ( )t'callic 7i'cii/l(J[o_v ,.,.o_-o, ,

Th_,mhu',, K.W,, I'. 'l'an,% T..I. (.'(inway, aral '
I.,.S. Walcrman. 10_7. N(Lq,.I/(/A/C'C'

calihrati<,ns <!f('()?.-iii-air .'@'/,vice' ,C,ase,v,'
1_779.-.A'5.N( ).,\A Tc'clinic:al Mc'm_randuln :

h',Rl, ARI ,. 15(I. l.!nvir_lnnit'nlal l.tcscarcla

[ ,_tinlrallll y, t._J(lul_lc'r,(.'t_l_racl_

World Mclc',,,i,dc, ltic;ll ()r,l_,ili_i/alion. ItL_49.
]'r(Jl'l3iqJ/l(l[ +/(/I'/WU{//i(,_/_ti(l'l'("(:(/r/)()ll
dlo.t'i_[_' W¢)llC('lllf(l[l'__/|,S'tl.V/ll_'a.Vl_/('(tfit

tL't t'AI_,'V _ih'x /i_r Hto vca/v 1()S0 a/ld I¢),5'7.
\V'b,'l( ),"1'1). N_. _ I(_.( ;,.'llt'vd.
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Mah6 Island (Seychelles)

ii
Principal investigators

Thomas L Conway i
Pieter Tans _

Lee S. Waterman ." 13.
National Oceanic and.Atmospheric _: ,_ _60

1Administration ¢0

i En,_ironmenta1325BroadwayResearch Laboratories '_g ,l_,_dg,,_.;._.,_,d_
Boulder, Colorado 80303,3328, U.S.A. :_i

Air sa:,,aple C011ection-With the use of a ._

portable Sampling apparatUs, two Pyrex O
glass flasks (0.5-L) previously fi_ed with a O
dry gas of known concent_ation and tO
connected in se_ies are flushed for 5 min O
with ambientai_ and pressurized to 1.2-1.5 tO
times ambient atmospheric pressure.

Measurement apparatus -The flask
samples areanalyzed for CO2 concen- 300
trations at the CMDL laboratory in Boulder
by using a UNOR-2 semiautomatic 1955 1965 1975 1985
inondispersive infrared gas analyzer. Monthly atmospheric CO2 concentrations.

Data selection procedures- See Conway
et al. (1988) and Komhyr et al. (1985a).

• ._._:_;'6":':':'::!:::ii:i:.Calibration gases used - CO2,.in-air ....... :.................::-.'_.._!:!:_.i:i:.,, _,: -_:.,...._......................._:.:.._:;,_:_:_:_._:_,_::::.,:_..................
Scale of data reported-1.980-1983, SIO .,.7 _ ........................._............

.....: ii!  !iiiiiiiii!iiiiiiiiiiiiiiiiiiiiiiii iiiiii! iii iiiiiii!%
X83 mole fraction scale; 1984-1987, SIO ., '!_ii_i_iii_iiii_!__!iiii_ _!i
X85 mole fraction scale. '_:_:??_:_*_:_:_:_:_:_:_:_:_:_::....:_.: y..._.__?_:_?._'?_

Data availability-The NOAA/CMDL flask .....!:i..::__,.. _::_i_!_:_i_i!i_i_i_:_i_i_!!_;._:!_!_!_i!_.7
'%L.=:........_'

data have been archived with WMO and "'*:*::_....... _i_i_]' __ :.!,:!_ .,'?_' :'
CDIAC. The data archived with WMO are ':_5;:-:_;_!iil _'::':".::.5

pair averages. The data available from i_ :::_:_:_':*::_:__' ' ':":_ :::'___ ''_"

..:::.::::::,_::!._ ".

::CDIAC (Conway and Tans, 1990) contain a _::_::_i_ ...._iii!::iiiiiiiiiiiiiii::i::iii::..,,

complete listing of inclMdual flask values Mah_ Island "_ ' ',

with flags indicating the results of NOAA/ i Seychelles '_ __
CMDL's data selection schemes, i Island seashore

::! 4040'S, 550 ].O'E

ii......................................................................................................i 3 m above NSL
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Atmospheric CO2

TREND i

These data are from theNOAA/CMDL
" flask sampling program.TheSeychelles i:
samplingsiteonMaht_Islandisoperatedin
cooperationwiththePhysicalScience
L_boratoryatNew MexicoStateUniversity.
TheNOAA/CMDL flaskdatafromthe I

Seychellesshowanincreaseintheannum i
value from 339,3 ppmv in 1980to 346,3 i
ppmvin 1986. Conwayct al. (1988) reported i

_a 1.21-ppmv mean annual growth rate at
i Seychelles for 1981-1984 compared to a ..

global growth rate of 1.22ppmvper year
over the same time frame for ali

NOAA/CMDL flask sampling sites.
Atmospheric CO2concentrations at

Seychelles show a seasonal pattern with the
annual drawdown typicallyoccurring in May
and the annual buildup occurring in
November-January. Conwayct al. (1988)
reported the peak-to-peak seasonal
amplitude for Seychelles to be 2.85 ppmv for
1981-1984.

::!

il

.,

?.

,,

:!

!_...¢.. ,.,.,v,v,........v,.,.,v,,.,,.,.,v,.,,,v,.,v,,,,.,v,,,v,v,,,,,.,,,.,,v,v,.,v,v,.,,,.,.,.,.,..,.,,.,.,...,,.,v,.,v,.,.,.,.,v,v,.,.,.,.,.,_.,,,v,.,
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Mah Island (Seychelles)

Atmospheric Concentrations of Carbon Dioxide* R !c,I"!",R i,;N (,'I';N

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann l'h_:_i,_g, _._.:\ _,I,,.,:,_ i<.. ;_,_<II_,.I I.

1980 340.3 .341.6 341,3 339.5 338;2 338.1 338,3 338.3 338,4 338.8 339.2 339.7 339.3 (;,lum_>,l, 1_'_", Ai,,l_,r,l>lw_it _,_ll,,ll

1981 341.6 341.3 342.4 340,7 339.1 339.5 339.1 338.8 339.4 339.9 340.6 .340.2 (li,,xidc mc,_ul<Illclll', iii lh<' lc'nl,,l< t,l_t,_tl

1982 341.3 342.1 342.4 340.9 339.9 339.6 339.9 339.9 339.4 340.0 340.2 340.5 .ill( 1_):_1 I I_,.
1983 340.4 341.0 343.3 340.8 341.4 340.1 339.1 339.5 342.7 341.6 342.3 341.1 (',,,w;m '1'.,I. ;,n_l I'. I i_,_,_.I'._1 ,\t_,_',

1984 343.8 343.9 343.1 344.9 344.6 343.9 343.9 343.5 344.0 l_llt,ric ('(1! ct,tlccllll atit,ila I'tlc

1985 346.6 347.1 345.3 344.0 343.6 344.0 345.9 344.9 345.3 .345.2 N( )t\,.'\/( i,%1('( ' Illi<,l, :,illllt_lill!,, i|(,I vViilk.

1986 3445.6 346.7 347.8 345.6 .'345.0 346.4 .9t<6.2 346.1 346,2 346,8 346.9 347.1 346.3 NI)t'-(_")5,"I_ I. ('illlillll I _i<'_i<l< Illl_riil,ili<lll

1987 347,7 348.2 348,8 349.7 348.9 347.8 345.9 349.2 351,0 t\lllil_;.%ik {'t'lllL'l. ( )iii", I_,idJ',C["l_liltiil,II
l.al_lll-alllly. ()il_,, I_.i<lv,c {'t'rllll..",<',t't '.

............................................................................. 1"{_m I t iVr, W. i ),, 1 .)4 '_\.'hl t" I Iii ii ii, ;t li ( I V_/ . I<t,

*Atmospheric CO2 in parts per million by volume (ppmv). Annual averages based on monthly means. Ali numbers have been rounded to 'i'avh_r. iu,w,¢ ,'.h'll_i;,ui,,nl;il i_' ii, ,I,ti<,l)Cl !,irt'
the nearest tenth, infrarctl ',tn,ilv/cr ,ll,I iJl ,.ltu:,,I_,r ( '(), '<iii

S{ililt'lit' ',llialV<,t'%../l_llrtl<ll _J[ ( /_'_[JJl_,'_'l', til

Rc._¢'ar_'/t_,<4:131"_ ?.'

I_llrllilVr, _v\;.])., t,_.11. ( i;lllllii_,ll, I'.fl. tlaili!:,,

I ..,_. \Villt'l'lll,illl, 'l'..I. (*l)llld,'il), ', \VI_. 'l'civl_:r,.

itiitl I*{.\_,'. 'l'hlillill.!_,. I_,%_,il (lights,ii diiiiii.<, ,

lille, fit • (()?. _liq i it,tiii_ll_, alitl viiri',lli<lii <r,

li<m+ l/)<_;q+;4? N( ),\.'\/( iM( '(( ( )! I!;i,.,k

,<,llnl>lc tltil,l..]', ,ttttlN/ <!/ ( ,'_'+,['/lW',t, ,1,'

Igl'.'_ t'(l ft'li <)11:"_:,¢,/ ', :,')¢>

b_.tilllhvl, k<ll,/ I _., I.I _, I I,till*,. ,liii! I .._'.,.

_.VhlCllli,iri I_k";';t, t ,tli[,l,lli<_il til lit+li(li +,

twl<+ivt, iiill+lrt.tl ('( +, ,lli,iiV.,'c'l!+ wiit_ ('()+.
iii air lt'lt.ft'lltc, i,,l':t",,..1+ ,ll/llll/ ft/ .,If/Hf ,<,

/_tififitr_ I J/ld (.)('f'lllll(" ]]'' /lllfJ/I;,[_\' ;>.';'_._<-.'.W

']'llt_ililll'., K.\V.. ] >. 'l',lll;,, "1'..1. ('I'IIW, IV, Jill(.!

1.._. \l_'lllt'l Ililill. 1<)_!. .'\r'().'l " ( .'( , _,[( "('

Cil/i#JrUil(>tlV _,/ ('()7 t!l _ttl r_'li'/l'/tl l' ltjv_'v.

1777 ,S'q. N()i't:\ it _'tilli':_ll Xll'iii_ll,llitlllil/

I".t(I. AI,'I li,II t ll_,ll<,llint'lll_ll I?,t'<,t'_tlill

W(_i'lct Xl','lcl_l_,l<'!'i< ,ill )lV:illi/_ilit,li. Ills '1,

_[l'flt'l'f[_' i'fJ#l('¢'ll[lll[l_)ll', _1<, #tl,'f/_llll'f I iii

t_.If',4I,,,V _/,'_/,,_/ll_' _,'a_ /'.',w,',_m,l I?,<;'

f Wkl( )Ill H<, ;(_+, ( ,c'llt'\,t
i
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Mariana Islands
__*,::_,:_,.::,_,'_',::::'__',::',2,:",,',_::::',:'_.::_::_::::::::_.:::::_'_:::::::_ .*.:::._._::,_:::Y,._::__::::_/,:,_¢'.::'.__',::,__,_'.:_::_'X._'X_:,_:_2:¢-P,:*d::::-'.,::._,':',:_.oX,.:'_:_ _y_//,:::",_,,_ ',:_:',:::_Z4,*J-,._,:¢..:_,o,:'TdG_V-'.:,Y/,,¢_,f._, _'.,::_'&::,__ "P,_*Y/,_,*4_::_,/_._'_ g/',,__:::::_:_*:::_YP;4_/._>,:_"_2_Pkk_.__",:1._::'.:._,;:_P,::_:_,,_',:;'_'2:,._ ,'.'q:_:_:_.::::',__:1"?'__::_'Z4"__,*,_,:'_',,,:',',:"_d$_ :_/,_,_._,4"/_

,, °°,,.,, °,.,, ,., °.¢,.,.,,.,...,,,.,.,,.,.,.,°°,,.¢,,.°,.°.°.,,°°.,°,.°.,.°,,...°.¢°.,,.°.°.°.,°,,,,°, ,.°.,.,°,.°°,.°.,,°.°,°,.°°, ¢,.o.,,.,°.,.,,.°.,,°°

BACKGROUND:
380-

PHncipal Investigators
Thomas l.=Conway _

Pieter Tans
LeeS. Waterman
National Oceanic and Atmospheric ,_ 360 -

AdminiStration to

Environmental :Research Laberatories g - .t ,t _.S_._325 Broadway '4:=. . ,_ _ : ta.
Boulder, Colorado 80303-3328, U.S.A. • of *% *t •

340- _,,;_/T;t '
,Mr sample collation-With the use of a _
portable sampling apparatus, two Pyrex .. O
glass flasks (0.5-L) previously filled with a O
dry gas of known concentration and
connected in series are flushed for 5 min _ 320-

O
with ambient air and pressurized to 1.2-1.5
times ambient atmospheric pressure.
Measurement apparatus- The flask
samples arc analyzed for C02 conccn- 300
trations at the CMDL laboratory in Boulder i - 1 _ 1 _ 'u u i

l by using a UNOR-2 semiautomatic i 955 1965 1975
1985

infrared gas analyzer. ! Monthly atmospheric COz concentrations.nondispersive

_ Data selection procedures-See Conwav _.. .,.'

tet al. (1988) and Komhyr et al. (1985a). :i

gases used-CO2-in-air, il .::i:ii!!_iiiii!ii:i:!:_:!:i_!!_iiiiii!i_.,.""_ ,,,'- _ ............._.....
Calibration

Scale of data reported- 1.979-1983, SIO ! "__ii{iiiiiiiiiiii!!ii!i!!i!_:i;!i!i!iii_,, ..;_::i_i iliii_ _!_i_!ii_!_!:i:_
X83 mole fraction scale; 1984-1987, SIO ::i ii!iiiiiiii_i_ _i!iiii__;i "

X85 mole fraction scale. !i iii__, _..:,::i_:-__iiiii!iil _:_,,_Data availability- The NOAA/CMDL flask !i ., '_ii ..._:_!_i_i_i_iiii:iii!ii!iii:!i_!_iii!i:iii!ii.:_i!iiiii!i_,._:_:_:_...... _ii,
data have been archived with WMO ,and :._.........._' _.................:......::::.;...iiii:i:"_:i:i.._ii!:;........'_u_.: : :::::::::....• :::::::::::::::::::::::::::::::::::: ..

.i:i:i:!:!:i:i:.:::::i:::i:i:!.... ===================================== ..CDIAC. The data archived with WMO are

iiii!i!iiiiiiiii!!liiiiii!iiii!i!ii"_::::_i!!iii!!ii: ?_iiiiii_il ::. ,.,

CDIAC (Conway and Tans, 1.990) contain a ! i '_'__::"_;:"_''_:i:i:i:_":::i:i::::::::: ::::::::::::::::::::::::::,..:: .,:.:.::_:!:._;_._ "

complete listing of individual flask values iii Mariana Islands , _i_:_:!:_:_!_?:_::_'!_!ii:i:il]i:i_:i_:i:::i_:!:"ii::_,,
with flags indicating the results of NOAA/ Guam, U.S. Territory ,.
CMDL's data selection schemes. I South Pacific "_ ._

ii Island seashore
t 13° 26'N, 144° 47'E

...........................................................................................................2 m above MSL

5O



Atmospheric COz
_:...._.p22_.._`.._.:_..._..._2:.._......_:_.._.._:_.._.._._:_:_:_..._._::.._...`:_:_:_.._._.._._.._:_:::_:.`_._:_:::2_:_./_._.::_...._::.`:_.:_:_._.Z..._.$_`.._.:_:_:_.2_.._.%.`:_:_:._

.. ,...,,o. ¢o,,,,°..°, ,, ...... °.,,, °,.. °°°°.. °.,°.°.,.,,°,,°..,.. °,° ,°°°..,°°°.°. °,°°°, °°°..°°.°, °,

TREND
i

These data are fromthe NOAA/CMDL
flasksamplingprogram.The samplingsite
on the Mariana Islandsis operated in
cooperation with the University of Guam,
The NOAA/CMDL flask datafromGuam
show an increase inthe annual value from
337;7ppm in 1979 to 349.4 ppm in 1987.
Conway et al. (1988)reported a 1.01-ppm
mean annual growth rate at Guam for
1981-1984 compared to a global growth rate
of 1,22 ppm per yearover the same time
frame for ali NOAA/CMDL flask sampling
sites.

Atmospheric CO2 concentrations at
Guam show a season',d pattern with the
annual drawdown typicallyoccurring in
July-August and the annual buildup
occurring inJanuary. Conwayet al, (1988) '

"1' found the average p_ak-to-peak amplitude
for Guam from 1981-1984 to be 6,46ppm.

!:
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i

Mariana Islands Atn,osplleric
i REI I_RLNCI_S

Atmospheric Concentrations of Carbon Dioxide* I ' _ r',,Lcnway, T.J., Tan,,_,L.S. Waterman, K,W.

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann Thoning, K.A. Masat'ic+,and R.H.

1979 33%1 338.1 339. { 339.8 340;0 339.7 338.7 337.0 335.4 334.8 335:7 337.5 337,7 (;an_mon, 1988, Atmusphcric carbondioxide n;;casurc,mcnts in the remote global

1980 339.2 340.5 341.2 342,1 342.6 342,3 341.11 339.4 338.0 337,5 33%9 339,0 340.1 tropoSl._tacrc , lU/,_l IU84, 7iqlus
1981' 340,0 342,1+ 343.5 343,4 343;9 343.2 341.,9 339.8 337.9 339.0 339,7 341.0 341.3 40(B) :8 I--115,
1982 ' 341.4 343.2 343,4 343,6 344.1 343.1 341.7 338,8 336.5 337.4 338.1 340.2 341.0 Conway, T.J. and l', "l+'ttns,i!_). Atrrtos-

1983 341.0 342.4 343.7 344,8 345.7 345.8 344,0 342.0 339.5 339,9 341.2 342,2 342.7 phcric C+()2 concentrations--The

1984 343.4 344.2 344.7 346.6 347.0 346.9 345.9 343.8 _1.6 341.9 343.3 _3.8 344,4 N()AA/GMCC. t'lask sarnplir_g network,
NDP-(I_)5/R, Carbon Dioxide lrd'ol'rnaticm

1985 344.6 346.4 347.3 L 348,0 347.4 348.9 347.9 345.9 344,5 343,0 345.0 .346.2 346.3 Analysis Center, Oak Ridge National
1986 + 348,0 347.1 iM8.9 350,0 350.2 350.6 348.1 345.4 344.9 344.6 346.3 346.9 348.1 Labc_ratory. ()ak Ridge, 'l'cnncsscc,
1987 .348+0 349,4 349.9 351.2 352,2 351,5 351.0 347.6 347.7 347,1 347.7 349,8 349.4 Kornhyr, W.D., I_,,S,Waterman, and W,R,

+ "raylor, 1!)83. Semiautomatic nondi.,;pcrsivc................................................................................................ _d'rarcd artaly',,'crapparalus I'or C,()2 air
*Atmospheric CO2 in parts per million by volume (ppmv). Annual averages based on monthly means. All numbers have been rounded to sarnptc analyses. Journal oi"(;eol_hysical

the nearest tenth. Research 8,'_:_'t_'+ ""
l .j J, • " ++,+,.,. i

Komhvr, W,D,, R.li (;arnrnon, T.B. ttarris, :. ' , ,.

_ L,,S. Waterman, T,,I. L'xmway, W,R. 'l'aylor,

and K.W, Thoning, It)_5a, (;l(_bal alrnos-.

phcric C()z distributicua'; and varitttions
from l_+hq/'b_q2NC)AA/C;MC('_ t_()2 flask

sample data, .Itmrt:ul of (;e_qgtvsical
Research _(1:55<',.'55o6.

Ktmd_yr, W.I)., T.I_. l larris, and I,,S.
Wat<zrrnan, 19_51+.(+'alibraticwt t)['n_)ndi_-

t pcrsivc infrared (:()2 analy'zcrs with C:()2-
i in-air rc[crcncc gases, ,]oilrnal oJ'iltt_los-

i: idwric arid ()c¢tltli(: 7'+ ( ]ltlOlO_V "',,w+ v._

: l'honirtg, K,W,, l'. "l'an!_,'+1'..I.(.'(mway, anti
! I.,,S, W;ttCl'Wl_tll, IUS7, N()/I,'t/G,_d(+'C
+ calit,'ations of CO 2in-air r+f<!ren<ega,yes:

1979-85, N()AA "l'cchrlical Mctntwandurn
l [-RL ARI+-.1St),l:!nvirtuilnct+litl l<tcsc.archt

]i l,aboratt+ry, [hluhlct', (,t+hlritdt+.
l World b lctciw(>loktlcal ( )r<l+;alnizali,.ul.It)St),
i Proi'i,_iotlfll daily altltO,VlHlf'riccat'l)fnl

dio.ridc _'otlc'+'tlfrtlliotl_'us t_l_'+l,Ytlr¢_tfit
BIt t_/XIrUVsites J),r the years 19<_'6and 17S7,

WN,I()fI'I)oN_. i)_ll(i: ( llL'II!!\'.ILI ' ' ........................
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Mauna Loa
_;_:_._;_:._.q_:_'_;_:_':_:_:_:_:_:_:_:_:.:_._:_:_._._:_._;:_._`_:::_:_:_:_._'_.:_:_:_:_:_._;_:_:::::::::::::::::::::::::::::::::_:_::..:._:_:_:_-._:_:I/;_ :_:_:_;:f_':_:_:;:_:_:_:_:_:_:::_:::::::::::::::::::::::::::::::_;_':_:_:_3_:$:_$::._::_:_;;_:_.;._:_;:_:_:_;_:_;:::;_:_::_:_f'.:_::$_:::_:_:_.:_;:._:_:_;::_:_:_:_:_:_:_:_;_:_:_:_:_:_:_:_:_:_:_;;:::_:_;:::_:_._:_:_;:_-_::_:_::;_:f_X_

........ . °°. o..,, ,., °, ,¢° °° ,.+°. ,. ,° ° ,.... °°¢°., °-,°, ¢,. ,.,,°°, °., ,° ,., <,°.. ,,..° ,. °°, ,., _°.,, °.,

BACKGROUND 380 -
Principal Investigators:

Thomas Z Conway ,_,
Pieter Tans
Lee S. Waterman

National Oceanic and Atmospheric ,_ 360
Administration cn

" Environmental Research Laboratories (_ _ _ _./*':
325 Broadway "4:! - • t,_'t _ ". ....g. _,¢ ,,
Boulder, Colorado 80303-3328, U.S.A. _l_ 340

Air sample collection- With the use of a
portable sampling apparatus, two Pyrex glass 0

flasks (0.5-L) previously filled with a dry gas o _#'.o
of known concer_tration and connected in °ii

320 -
series are flushed for 5 rain with ambient air O
and pressurized to 1.2-1.5 times ambient {,_
atmospheric pressure.

Measurement apparatus-. The flask
samples areanalyzed for CO2 concen- 300-
trations at the CMDL laboratory in Boulder I ' " _ i i i i I
by using a UNOR-2 semiautomatic 1955 1965 1975 1985
nondispersive infrared gas anal)_er, Monthly atmospheric COz concentrathms.

Data selection procedures-See Conway

et al. (1.988) and Komhyr et al. (1985a).

' CalibraP, on gases used-CO2-in-air .... _::_!:_!:::_::i:::_i_::__'_ _" "._' ....'::_:":........,,.-
,_ . .::i:_:: _: ::::: : : : : : :::::: :: ; ::::::::::::::::::::::::::::::::::.:.::::::t,,__ iii_i!i!iiiii_!_ii_i!i_;¢-,,:._i::.:.:,,_a ......................_!:_,............................................:.........

Sca,e of data reported-1%9-1983, SIO • iiii!i!_iiii!ilili_i_iii_( _ :_:,:_:_!i:i:i:::i::::ii!....._i!ii:!i_i!ii!_i!_i_

<_ :_iiiiiiiiiiililiiiiii!!!!_?;!ii_!i_:_,, %_i_i:_i_:_i_i_i_::ii_ii_:_::!i_!i_:_i_i!_iii_:_!_i_!_ii;_:_i_i::i_ili_:H_"
X83 mole fraction scale; t984--1987, SIO i ::::-...,_::i_e_i_!F_;i_i!_ii_i_!i_!_ii__i_:_J

' ,4-, :._:_.:_E:ii::i::::iiiii!i!!i::ii::i::::i_!iii!::::i!i::i_::::::i_i:_::_._X85 mole fraction scale, i .:_:_:_::::_:_:_:_:_:_.............::;:_:_:_::::_:::::::::::::::::::::::::::::::::::::::_:_:_:_:_:::_"--

_iData availability-The NOAA/CMDL flask _:_i_-._--. iiii!iiiiiiii!ii!!!!i!ii!iiiiiiiiii!!ii!_i!!_i_::iii_iiii:.iii:._i_",:ii!i!ii:.!:_.iiiiii:_i_i,":::::::::::::::::::::::::::::::::: : ::" :::: ;b::: ':'

" : =.'_'.'._:::i:'.,.. .:_:._::_:i:_:_:_:........i:::_::::_:_:._ ::_i!l".i :_ _'- ' "data have been archived with WMO and ........... ............................:+ :_:_ _i , :.' "';._,
" :ii!fri:!i:i:!i_.. "¢,i_i:!i:i:ifiZ:!:!:!:f!:i:-ii:J "..: :'tr' '

::::::::::::::::::::::: :i: !i: :iiiii::i:::i_¢r '_.:: _:tt.i,CDIAC. Thedata archived with WMO are ........._............ :.............. ,:_ w._ ......:_
i: pair averages. The data available from _ii_i_::ii_ _i_:_iii_.." "_._,_,,"_ .'_:'ifi_iiii!:_:fli_!f!!i!!:!ii" !_f_:fff:?fiii_i:i::::"_; ..:.:..:Z_::!. "

;!i_;:::i: :i: :::::" ......... ". :i!i{__:::::::::!:i:: :::: __'":::::::::::::; : ::: ::: ;::" '_

CDIAC (Conwayand 'Fans,1.990)contain a ...................._ ...................._ ::,..................................

, ."complete listing of individual flask values Mauna Loa i " ' . :.jt
:' with flags indicating the results of NOAA/ Hawaii, U,S.'I, ::_" ' "_

_ CMDL's dataselection schemes, Barren volcanic slope
:, i

: 19° 32'N, 155035' W1

_i ! 3397 m above MSL

52

........... i, ,, ' _ , , I_l i, '' _l ....... ,, ° , rq '' III i illI



Atmospheric CO2

TREND

These data are from the NOAA/CMDL

flask sampling program. The NOAA/
CMDL flask data from Mauna Loa show an
increase in the annual value from 325,2

r_pmv in 1970 to 348,3 ppmv in 1987.
Conway et al. (1988) reported a 1.21-ppmv
mean annual growth rate at Mauna Loa for

, 1981-1984 compared to a global growth rate
of 1.22 ppmv per year over the same time
frame tbr all NOAA/CMDL flask sampling
sites.

Atmospheric COz concentrations at
Mauna Loa show a seasonal pattern with the
annual drawdown occurring in July and the

annual buildup ot,curring in January.
Conway et al, (i988) reported the p_ak-
to-pea k seasonal amplitude for Mauna Loa
to be 6.67 ppmv for 1981-1984.

r
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aL •Maun oa Atill('Sl)lleriC('()Z
:::,_';:1,:I::::::::::::::::::::::::::::,_I::::::::.:_:::::;_::::::;1:I::"::::4:::::l:;:;:::::l::::::::::::::::'::::::::::::::::::::::::::::::::::::::::::::::':::::4:4:::1:l.'_:::::::::I::::4::,,:.::i:::::;:::::_ ::::::::::::::::::::::::_::,'.::p::::::_:.':::::::::::;:_:::':":::;::i:::l:ff ::;:::::::,e.p1:5::rf: :::::ff.::::::::f,:'::::f:::,:::;;::rf,;:::::li::::::::;'::,,:.;:::::::::f,::::::;:::::::f.::::::ff:'f,::,,:;:::":,'4:::::::::_",::;:l_:::::ll•:":_:_:_;iI;'4":I;i::;:12,;:I_:_:::_::_::::$:,:,_::::',_::4,:.:;I,:.',;:_:',;;::_,':'!_'!';':':':':'_::,_':':'1'_°:4';'I';°_'iq°;°;':':':'_'¢.',*o',','¢e,'¢,',, ........ e, A","_

); .....' Atmospheric Concentratio.s of Carbon Dioxide* R Ii;I, !,.,R I,;N (.,I_S

Year Jan Feb Mar Apr May Jun jul Aug Sept Oct Nov Dec Ann I_, (.'(}nwaY,.l,ll(,liilw,,'l',,l,,K,A,l',Ma_aric,l'a"l_'I,,_;,_ll(tWalt'tl_.,ll,_na_' K.W,] •

1969 325,4 323,7 321..4 320,7 32i,8 32.3.8 i!i, (;a_nt_,n. lt_S. Ain_,,<,l,lwric' carl>_,nI rcnlt_lc t.,,Itd,iii
• ].°,, " ,

1970 325,1 325.4 325,7 32,6,6 327.3 327.4 326.4 324,6 _23,0 322,5 323,4 * 32512 325.2 I:::, .litr×\dc nlca!;urt'lnc'nl_; iii Iii'

1971 ! ,I(I(I?,):SI 11_

1972i, +"(k_ltway, 'l'.J. and I'. 'l'iiny;. It_()./\lm_.>.,

1973

1974 , tli N( )/'tA/( ;NI('(' tl_i;,k_;iinllllin!; ilc'lVqt_r!'i.
t NI)I'..I)tiDIR I. ( i_ii[itlll 1 )ii_xiclc. [llf(ll'll/_llitHI

1975 , i1976 331_6 332,2 333.3 334.7 335,0 3.34,0 332.4 330,8 329,7 329,5 330A 332.0 332,1 t Analy<.is ('t!lllt_l. ()ak t,:i,h,,c Naii_,nal.l,al_l_i'al_r}'. (_alc I_.idgc,Tt'llllt:!_.;t't,.
1977 332,9 333.1 334.0 335.6 336.5 336.2 3.34.5 332,4 331.0 331.1 332.1 333.7 333,6 ,:ii.5 Kt_n_hyi',V_/.!)., I..S. }t,lllll.!llllilll, illltl \\/.ii!..
1978 335,0 335,9 336.7 337,6 338,0 337,6 3,%,0 333,8 332.3 332.3 333,2 334,5 335.2 "' " 'l'avh,r. llJ_4J. ,_;t'illialilcHll_ll i(' tl_llcti_;l_C'i'!4i\'c'

1979 336,0 337.4 338.3 338.8 339.1 339.0 337,7 335.5 334.1 334.0 335.0 336,4 3.%.8 }3 illlrart'd ;llllllv/_'r ,ll>l>,lr,l[tl'_ lth (i(), dil

1.980 338.(I 339.5 341,0 .342.1 .342.1 .340.9 338.9 337,0 336.0 336.2 337.2 338.5 339.0 13 .<;;tllllllC'anillV!;c_;..h_ttrtlal<,/'(,'¢'t_l;/ly.vica/
]7 tq('v('tm'/i;.',:q:l_15 ' ;1981 339,0 .343.4 342.3 339.8 339,3 337.3 337,2 339.1 540.1 339.7 !

1982 340.9 342,3 344.1 343.8 343.9 343.2 341.6 339.1 337,6 337.5 338.9 .340,3 341.1 i'1 t_t,inhyl, W.I )., R.t t. (i:tillllll)ll, 'l'.tl. I larrb,,
' l' I ,.,t_. _Villt'rlll_lll, 1',,I, ( ii_llW;!}', _V.t?,. 'l'iivlllr,!5

1983 341.8 342.3 342.7 345,4 345.7 345.0 343:5 341.1. 339.6 339,8 340.7 342.4 342.5 i <iil(tt,;.W I'll_ liil!_, 1_1_5:1.(lh_t,al _11111t_!4-

1984 343,7 344,4 .345.0 346.7 347,3 .346.5 3,44.8 342,8 340.6 341,6 342.8 343.7 .344.2 19:" l_hc,l ii' (,t) , tl.i'dr ii ,tllil, lit. ai\el _'_llial it,n_;

1985 344.5 345.4 347.2 347.6 .348.5 347,8 346.1 .343.6 342.6 342,3 343.5 344.7 .'345,3 i3 trt_n ]';_,;4;4;71',t()AA/( ;NI( '(' ('(), II,t',k

1986 345.9 .346.3 34'7.5 349.0 349.6 348,7 .'_7.9 344,8 .343.8 343.5 .-345.4 ."t46.2 ._.4 !4 .<;_llnlllt:tiara. ,h,ttrtlal _!/(,'c(,ptlvvi,'al

1987 347,1 348,0 .348.6 350.2 350.9 3,50.5 349.0 ._,3 ._.3 _'346.3 .347.8 349,0 348.3 i3 t¢('scat('ti <)_):I:L",(>I!_'dl_(,,
t I<t_nihvr,W.I),, 'l',ll, I lit\li% and I ,._;.

_k,lillt:lllllil'l. I_J;,',51>,('alit_r<.,lit,ll<,1'il_llltli_,.

•Atmospheric CO2 in parts per million by volume (ppmv). Annual averages based on monthly means. Ali numbers have bonn rounded to t: Iw.r_;ivcinl'l iil't'(I ('( 1, illl;llVl('r', wit h ( '()!*
the nearest tenth, i_,..air rclcrrcnt:t ' !,',;I._c!.,..]tJttr;ict/_!/' ,.1(,,#_, tv

[)]l:.'rl'(' (l/lf[ f)l'('(llll'( /'l'(']l/If_/f)l. '_ ' _ ' _

'l'!_lnint,, I,;.W,, I'. 'l+i_n,,,'IL,I, ('lll/\t,'ii\ ', :llitl
I ,.,_,.t+_,,'illt.'llll;ili. 1_),'4/.,\;f ),.I,-1/(,':'_I('1'

., I'llll'tit'flll'( .ills (![' { '() ?' III .litr ft{/'l'l'l '#l('t' [_i'I),I',V,"

l" 1770 ,'_'<,,N(.),\;\ 'l'c_'tllli<'_i N'lt.'li_ll;int'llilll
I:RI, AI_I, I;:,(I.l:ilViil_iililt'iil ii I<),c';,t",lrt'ti

I ,;il_(irlllt_l }', II_,llltlc'l, ( 'l_lt_l \iii<,.

/'rf)l'l,','l'fJllfl[ fldl'lW flH/lt >Vii/lt'Ill' ('Hr/h';#l

t/lt_.t'l'¢/t' ('fill( _'/l[rflll'(_lIV _IA /#l('(iVllrt'_/ ¢1[

/7,.I/'AI_JN <;l'h'._/_ ;/'l/t_' Ve'_lrx /?,k'(_ ft/Ii'/ /O,t_') '.

',V,_,.I(),'I'I)-N_. _()f,.( 'lt'llt'v;I.
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BACKGROUND 380-
Pr_CipaI investigators

Thomas J. Conway _.
Pieter Tans [,7.
Lee S, Waterman

NationalOceanic and Atmospheric ,_ 360

Administration _ e 5 t..
,- __.._. •

i:::i: EnvironmentatResearch Laboratories .0 _ ,, ,_: • : ..
. 325BrOadway "_ /_; • . ; : _Boulder, Colorado 80303-3328, U.S.A. _._ 340- "...

;Air isample collection-With the use ofa •
tO o_e,"

portable sampling apparatus i two Pyrex t.-
glass flasks (O_5-L) previously filled with a 0
dry gas of,known concentration and 320-
connected inseries arc flushed for 5 min O
with ambient air and pressurized to 1.2-1.5 ¢O
times ambient atmospheric pressure. -

:Measurement apparatus- The flask
i samples are analyzed for CO2 concen- 300-
i trations at the CMDL laboratory in Boulder i _ i I I i w
by usingaUNOR-2 semiautomatic 1955 1965 1975 1985
nondispersive infrared gas analyzer. Monthly atmospheric COz concentrations.

I Data selection procedures-See Conway
I et al)(.1988) and Komhyr et al. (1985a).

Calibration gases used - CO2-in-air.

Scale of data reported- 1980-1983, SIO .g_.._:_:_*_'?_:':_.... ._ , . , ......
• e::::::::::::_i_:_i_:_ __i_::!k ..........._:._:_.::,!:_:i:_i?._::::._:_:.,.:::::,.........

.'1[. ': : .... _ , ._!::_.._ .:.:.:.1.:-• ...:..: : : : : : :: : : :. : ....:.:.:. q...: :j_"_.:..'_.

X83 mole fraction scale; 1984-1987, SIO . ;,_...:._!_,¢_._...:._ -_ ._, ........'_ii.,:r..._!_!i:ii_::_i_!!_!_!_!!i_!_!!_i!!_i_;_,:::::.,i::::!:!:.:.:':'+a ¢.::_.:._:_:_:!;::'.'::::_:::::::::::::::::::::::::::::::::::::::::::::::::::'_.X8_:rnole fraction scale: .,._._.:.:.::::..:::::::_::":_,, __ _i _.__: _..'.._
_ii::::iiiiiii::i::iii_!!..:'..:::!i!:!1_ .:_.;:_.'_i:!:_.._!ii_i!iii_!i:.!_!!i__!__!_i!i_ii__iiiiii!i!ili_i__:_

Data availability - The NOAA/CMDL flask "_::iiiiiiiiiiiii::ii!!i::!ii::i::_ __._'_::_i_ili_::iiiiii_i_iiil;_:;::ili_::i!ii::iiiiiii::i::::_:_i::.,_.:_,...__:_[ ".:..:.._i_...:.:...,_.i!:::_.:::ii__i_::_iii!_!_i_ii!_i!_.:'.._!ii_!_ii_!_A"r

data have been archived with WMO and ', "4ii!iiii',_:?"-'.., :,_::._:::_::.:!:_:!:i:!:!:!:i:_:i!_!:i_:a:i:,:::!_:::.:..._..-_:i_ii_!_i.li_!i_:_:i_i:.!!_i_!_C_:_CDIAC. The data archived with WMO are
"$ _i!i_::i_::::, "_!_iii_ii_i!ii!i_ i!_:.::ii_] _ %.:._, .:_s._ .

pair: averages. The data available from ...'_i_i_i_:i_:..... '.,:_.::._ '_ :_._ ....:::::::::::::::::::::::::::::::: ::.._ "::?.:.!::::::::_:i:'_ . :_."..._'_,_['_.__:_'L.'._,'_,
CDIAC (Conway and Tans, 1990) contain a ":_:;._".:.::_:_:_:_:_:__.:_:_:_:_:_:_:_:_. _._._,.,"'_._. ,,,

:completelisting of individual, flask values Mould Bay _i_i!_ _i_!_::?.$"i_ .'._!_::_::_i_::_!_::_::_::i:'k"

withflags indicating the results of NOAA/ Northwest Territories, Canada _''"

- ,. :,
CMDL'sdata selection schemes. Island tundra

76° 14'N, 119° 20'W
15 m above MSL
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Atmospheric C02

:............ ..__. ..... °°° ....... ,,., ...... °°.,.,, ..... °,,._ ....... ..° ..... .,.. ..............

TREND
i These data are from the NOAA/CMDL

I flask sampling program. The sampling site

i at Mould Bay is operated in cooperation
with the Atmospheric Environment Service
of Environment Canada. i

The NOAA/CMDL flask data from i

Mould Bay show an increase in the annual i
value from 340.3 ppmv in 1980 to 349.8 i
ppmv in 1987. Conway et al, (1988) reported i

" identical 1.22-ppmv annual growth rates at
Mould Bay alone and for ali the NOAA/
CMDL flask sampling sites for the period
1981-1984.

Atmospheric CO2 concentrations at
Mould Bay show a seasonal pattern with the
annual drawdown occurring in July and the
annual buildup occurring in November-
December. Conway et al. (1988) reported
the peak-to-peak seasonal amplitude for

:: Mould Bay to be 15.15 ppmv for 1981-1984,





Niwot Ridge
,,,,..°,,o.° ........ H...°....,,.°,°,H., .......... ,...... , ....... ,.

BACKGROUND .........................il 380 -
Principal investigators i

77minasJ. Conway
Pieter Tans i [;7.
Lee S. Waterman i ¢:L
National Oceanic and Atmospheric ,_ 3613

Administration cn _,
¢" • m_'t t_.

Environmental Research Laboratories 0 . ,,.L*'.:

,_ . ¢, ".° ;L e ;

325Broadway - e ". •4,:'.::. 't : •
Boulder, Colorado 80303-3328,U.S,A. 340- , ¢.:.. • , ....

o_6"-e ooe • 1, •

I:Alrsample collection With the use of a cD * ...... " '• . oee _ o qj
ee

portable sampling apparatus, two Pyrex o . ,- .._'./e" a • ,.7.... .
glass flasks (0.5-L) previously filledwith a O _ ../.t.o . •

dry gas of known concentration and ! _ 320 _.._a7 :' _'',
connected in series are flushed for5 min 0
with ambient air and pressur_ed to 1.2-1.5 (_
times ambient atmospheric pressure.
Measurement apparatus-The flask
samples are analyzed for CO2 concen- 300- _ _ _ = _ _ i-
trations at the CMDL laboratory in Boulder
by using a UNOR-2 semiautomatic 955 1965 1975 1985
nondispersiveinfraredgasanalyzer. MonthlyatmosphericCOzconcentrations.
DataSelectionpr,_:edures-SeeConway
ct al.(1988)andKomhyrctal. (1985a).

C_llbration gases used- CO2-in-air, .ff-:._:::ii::i:,. _,- ',-.,_,..:.::............:., ,

Scaleofdatareported-1968-1983(SlO , _ii!!!i!ili::::_i_t;_":_'_ "" _#::_"_:_:_i!:!_i::i!ii!ii_i!::iiii:::!:i!_:::_::ii::}i!}il i_::..:.-i:

....................._:.,::::::::_ ..:, .,_:i_................._...................il::_:X83 mole fraction scale), 1.984-1987(SIO .,..>2 ........,...•......... •............................................
::::::::::::' :.:+:,'. _':':':'k *. ::::::::::::::::::::::::::::::::

X85 mole fractionscale). _iiiiii::::iiiiii!_ :_;_:_i_:?:ili::i!i::
i:::::' : ', :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::Data availability-The NOAA/CMDL flask _::::r__t ,i:i!iiiii!::iiii!iii::_:_:i:i_:!ii_::!i,_:_:;iii:!

"'""':_-:::_ _:i_ ::: *_:!:i'./[. .... , ;:::: ..... :iiii!i!!iii!i!!i ::ill!iii:i: ' :F!:!::

.................................. .....data have been archived with WMO and ii!_ _ :,
i"CDIAC. The data archived with WMO are :iiil]iiiiiiiiiiiiiiiiiii_::!:i:i......"_;_iiiii]!iiiiii ....:

:.-I,

pair averages. The data available from :iii::i::i::!i!iiiii!iiii!iiiii!ii!::::..... ii!iiiiiii!iii!!ii!i ::_ i_)_:_21_'_:_:"::_
':'_i!!!i!i!:!:i:!!!:iii!i iii' .i_i!ii!iiii:ii!i!!!ii:5: ..:.:.:i!:i:_::!_ "

CDIAC (Conway and Tans, 1990) contain a :_:i_i .::::_::!::iiiiiii::::::i!iiiiiiiiiii::,,,complete listing of individual flask values Nlwot Ridge
with flags indicating the results of NOAA/ i
" 's Colorado, U.S.A.CMDL, data selection schemes.

Alpine mountain
40003'N, 105°38'W
3749m above MSL
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Atmospheric COz _

Thesedata are from the, NOAA/CMDL

flask sampling program. The sampling site
at Niwot Ridge is operated in cooperation
with the University of Colorado,

Tho NOAA/CMDLflask data from
Niwot Ridg_ show an increase in the annual
Value from 323,1 ppmv in 1968 to 348,6..

ppmv in 1987. Conway _t al. (1988)_reported
a 1.57-ppmv mean annual growth rate at
Niwot Ridge for 1981-1984 compared to a
global growth rat_ of 1,22 ppmv per year
over tti_ sam_ time, fram_ for ali NOAA/

CMDL flask sampling sites.
Atmospheric CO2 concentrations at

Niwot Ridge shoW a seasonal pattern with
the annual drawdown occurring in June and
th_ annual buildup occurring in November-
December. Conway et al. (1988) reported

the peak-to-peak seasonal amplitude for
Niwot Ridge to be 10,49 ppmv for
1981-1984.

TRENDS '90



Niwot Ridge At,,,{,si,he,'ic (',()2
_:_:_:::_:_:_:_:::_:_:_::_:_::_::::::_:_:::_:_::::::::_:_:_:_::_:_#_:_::::::_::::_:::::_a_::_:_a::_::::_:_:::_:::_:::_:_::_:_a:_::_:_::::::::::::_::_:_:::_::_:_a_::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::>:;:::+:':::;:':':+:':':'::;':::':::::':':':':;:':::::':':':'::'::':;::>::::r:':':":::'':':':':':'''' :':'" : :+:'+:L: : : :: ' ' : ' ' :

Atmospheric Concentrations of Carbon Dioxide* .....le* RI_Ii'I"RI_"N(_I!"S
'+ C,tmwtty, T,,I ,, I', 'l'atv,, l..g, Watc'rnlan, K,W,

Year Jan Feb Mar Apt May Jun Jul Aug Sept Oct Nov Dec Ann :_n 'l'houing, K,A, Masaric, and R,! I,

1968 323,9 324,8 326,0 326,9 326,2 323,7 320,4 318,0 318,5 321,3 323,4 323,9 323,1 ;,1 (;amm,,u, 1!;88, Atm,,sl,hcrh, cart,_m

1969 324,4 325,6 ' 327,1 328.0 327,2 324,8 321,8 ,319,5 319,7 321,9 32412 325,6 324,1 .1 dioxide measurcmcut,,_ in lhc rcml_lc gh_tml
IroF_t,sl,hcrc, l_,'gl-.I';S4, "li'llus

1970 326,3 327,1 328,5 329.9 32818 325,4 322,0 320,5 321,6 324,2 326,0 3265 325,6 ':,6 40(B) :8I+ I 15,

i971 327,2 328,6 3:30,0 330,6 328.6 324,6 321.1 319,6 320.5 322,8 325,4 326,7 325,4 ,,l C.onway, 'I',,I, alltl P, 'i'alls, It_)(),Atmt._-
1972 327.2 3_,1 329,8 3_.9 328,7 323,9 320.5 320,2 322,4 325,6 328,0 329,1 326,2 , 2 phcrlc ('()2 ccmct!l_iralions ...."l'ht'

1973 330.1 331.4 332,8 333.8 333,2 330,9 327.9 325,7 326,0 328,5 3.30.7 331,8 330,2 L2 N()AA/(:IM(?(' Iht,,k, amlqiW, nclv,,urk,

1974 332,6 333,5 335,0 335.7 NI)I'-0OS/R I, (:a_t_,tt l)it_xidc lnt orrtutti<._
1975Am@si'; ('untcr. ()ak Ridge Natitmal

1976 332,8 334.0 334;8 335.1 334,3 332,5 330.1 328.0 328,0 329,9 332,0 333,6 332,1 :.1 Laboratory. ()ak Ridge, '['t.'llllP,q,qct,,Komhyr, W.D., I,.g. \V;llt'_'mitn, ltlltt W.R.

1977 334,7 335,8 336,8 337.6 337.0 335,1 332.9 331.4 331,6 333,3 335,1 336.5 334.8 .8 Taylor. i'_3, St'tuiaultmmlic mmdislwrsivc
1978 337,4 337,9 338,3 338,6 338,4 337,2 334,3 330,9 330,3 332,8 335,4 336,7 335,7 ,7 inl'rart_l atlaly/er ili)l'qll';l1115,frH'('()2. air

1979 337,6 338.8 339,9 340.7 340,1 338,0 335,0 332.4 332.2 334,3 336,5 338,0 3.36,9 , _'!) samplt, analyses..kmrna! _;[( h,_l_hy.vit.al

1980 339.3 340,7 341.9 341,9 339.8 336,2 333,8 333.5 3.34.7 336,7 338,5 339,8 338,0 .{I t?eseaa'h g,R:l.:tl5 22.
Komhyr, W.1)., R,t l. ( };llllllltHl, "l'.ll. ! tarris,1981 340,9 342.6 :M3,O 343.5 341.2 340.0 3.'36.5 334.0 335,6 337.9 .340,5 341.9 339,8 ".8

I,,S, Waterrnan, T,,I, C'_uway, W.R, Tayh,r,
1982 M2,3 344.5 344,8 344.9 343,7 341.1 337,5 3.'34.8 337,0 339,7 340,7 341,4 341+0 .0 and K.W. "l't.min_,. l_;gSa,(;l_,t_al allm_g.-
1983 343.1 344,8 .345.9 345.9 344,1 342.6 339.5 336.5 337.8 340,7 344.1 ."M6;3 342,6 :.b pht;ric ( '( )e tlisl ritml itms itml varial itms
1984 34..5.9 .346,1 348,2 348.4 348,6 346,0 339,7 338.3 340.4 343,7 345,1 345,8 :M4.7 ' ,7 from I')_g.g2 N( )AA/( ;M( :(' ( '( )2 flask

1985 347,5 3,47.5 348,4 348.7 348,3 345.7 344,7 342,7 .342.3 343.2 347,0 347.8 346,2 .2 Saml,lc dal ii. ,k mrnal +!1'(,'c__l,llysi,'al

1986 347,4 M9,3 349,2 .349.3 348,6 345.6 344,5 344.0 344,5 344.8 3462 347.4 346,5 ! .5 f?esear('h +,_1:55¢,755%
1987 348.8 349.6 352,2 351.5 350,3 348.8 346.7 M3.6 345.0 347,1 :'M.9.0 350.8 348,6 i .6 Kt,mhyr, W,I),, "I',!_, i I;trri.%itml l,,,g,

} _,"itlt.'rl'll_lll.1_;851_.('alil,ralitm _,t"mm,Ii>
................................................................................................ pcrsivc inlrarcd ('()2 anaiy,'t:rs ,,','iliaC()2-

*Atmospheric CO2 in parts per million by volume (ppmv). Annual averages based on monthly means. Ali numbers have been rounded to ' iu-air rc['crcncc gasc,,,..Ic}ttrmd_J',.l/m_m
the nearest tenth, pheric tllh'l ( )¢t'_lllt'C Tet'hm&,,D' "_"_' '_

, 'l'honing, K.W,, I'. 'l'ans,T,,I, ('t,nway. and
l..S. Walcrman. It)87,N(),,I,q/O'MC '('

cah't_rafi_m,vof ('() _-tn-air r_ji'renc¢'gas<'s;
1070 &S.N()AA i'cchnical Mcmt_randum
I:.Ri, A !_.!.-15{). l!'.nvirtmtncnl al Research

l ,;+ll+cwatt+t'y,l:it+tlltlt:r,Ctdoritdt,,

W(,rht Mclc(,rt,h >+.,,it'+_l+)rganizat it,u, ]lJgO,
i [_I'(H'I',YI'IHI_II d_ll'lV tltlllf_.Yl_llcri¢ l'(ll'tl_ll

i dI'(L_,'I'(IP ('()//('l'll[r(lll(H|,Y _l,Ylll<'(ISll,"Pd (1[

I ll,'l t'M__,%'.vih,sJiu t/_+_.;'cars I¢)S(iattd 1+),5'7,
[ WM()/'I'I). Nt_, :'_()(_, ( ;t'lltr\'_l.
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Ocean Station "M"
t:;:'_:_::_:::'_':_:'_::_¢_:l_?_::'_:"::_'*_:_:_?_:__::::_:::_,::'_:'::_::_ ::_:"::P.:;_:_:::::_::::::_:_::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::_::1:::_.:::;_::::':_::_:::::._,::'_'_::_::::_::;':':_:_';':::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::_,::::::::;:'4,p/_:_,_,,":_

Principal investigators

l 77minas J. Conway
Pieter Tans
Lee S..Watermatt
National Oceanic and 'Atmospheric _ 360.

Administration _ • ,¢.t_,t
Environmental Research Laboratortea ,O _,/" ;': '"
325 Broadway '.4_ '_.;', .., ."

Boulder, Colorado 80303-3328, U,S,A, "l_ 340 ' : ' , •
Air sample collection-With the use of a _ _ .
portable sampling apparatus, two Pyrex o

glass flasks (0,5-L) previously filled with a 8
dry gas of known concentration and 320 -
connected in series are flushed for 5 rain C_
with ambient air and pressurized to 1,2-1,5
times ambient atmospheric pressure,

Measurement apparatus -. The flask
samples are analyzed for CO2 concen- 300 ......................
trations at the CMDL laboratory in Boulder _ _ _ I i _ f
by using a UNOR-2 semiautomatic 1955 196,5 1975 1985
nondispersive infrared gas analyzer. Monthly atmospheric COz concentrations.

Data selection procedures-See Conway
ct al, (1988) and Komhyr et al, (1985a).

Calibration gases used-CO2-in-air, ., .._.......................
.... _ '":-:::_..."_,,

Scale of data reported- 1981-1983, SIO :_!!ii!!iil;!i_:ili_'ill_ "_.;v,._._..:._ili_ili::i_iii_i!!i!i!ii!iiiii!iiiiliiiiii!i!:_i:,i_::_
X83 mole fraction scale; 1984-1987 SIO ' "_'- :_:;:_:_:;_:........:_........_ '_ "_ ............_....................:................¢-::__i!:i:!:i:!:i'i:!:i:i:!:i:i.!.i":i:i:i:i:::::'r.:_ '_" ================================================:::::;_ "_,_.'

X85 mole fraction scale. "_;_: :._:_%::!!::ii::i::i!iii iiii:?::.i!::i::::ii_:_.:;:
Data awdlabillty-The NOAA/CMDL flask _ ..:_!ii_i_;:_:::.i_!_:_':._i;_;_i_:!!:::!!::i!_::i_ii!!:i:i_.,::_.,:_.; :*:':: : : : '.." : ' • -:::. ":; :_: '.:' '; _ q¢-':'_': ; ; : :'; :':';:" ':' : ,..::.":';' I 1, ...;; ..... :::::;:::;:;::. ,;:::::,!: ===========================.

data have been archlved with WMO and _:I ,.. " ::__'*ii_::::";_:_i2 *_:_':_
'_.............' :i':':ii!iiiiiiii!!iiii!iii!i!i!_i!iiiiiiiiii!iiiiii_i!i_.":_!_:_ii!ir:_:i_i;iii_i_CDIAC, The data archivcd with WMO are .:_iii_iiii_:i:i;i:i!_i_i:_. .

i!pair averages. The data awdlable from _i!_.: ;::;:::::;:;::::: ;.:. ._ ,:_. '.,

':;::'-:::::::::::::: "_'_'_';i,;_.,!'"_'_;,_!!ii::!::i!!:;iiiiiiiii!ii!i_i_:_:!. ..:.,,::i,:_;:!_
CDIAC (Conway anti Fans, 1990) contain a ":'!iiiiiii!ii ;:_;;_i_i_i_i_!_i_il;i_i_i::',,

_icomplete listing of individual flask wdues Ocean Stathm "M" ...._:_:_
ilwith flags indicating the results of NOAA/ "_ " •

i CMDL's data selection schemes, Nor_h AtlanticOpet! oc_(,DI

::i 66oO0'N, 2° O0'E

ii,..,...................................................................................................6 m above MSL

58



Atmospheric CO2

TREND
These data are from the NOAA/CMDL

flask sampling program, The Ocean Station
, "M" sampling site is operated in coopera-

tion with the Norway Meteorological
Institute,

The NOAA/CMDL flask data from
Ocean Station "M" show an increase in the
annual value from 341,6 ppmv in 1981to
.M.8,9ppmv in 1987,Conway et al, (1988)
reported a 0,92-ppmv mean annual growth
rate at Ocean Station "M" for 1981-1984 in

comparison with a global growth rate of
1,22 ppmv per year o _er the same time
frame for ali NOAA/CMDL flask sampling
sites,

Atmospheric CO2 concentrations at
Ocean StatiOn "M" show a seasonal l_attern

with the annual drawdown occurring in
-"r November and the annual buildup occurring

in June, Conway et al. (1988) reported the
peak-to-trough seasonal anaplitude for
Ocean Station "M" to be 114,43ppmv for
1981_1984. !

• -_: IRENDS '90



Ocean Station "M"

Atmospheric Concentrations of Carbon Dioxide* R E i_'ER E N ( 'i '_S
('llflWIlV 'l'.J,,I', 'l'i|fl_,,1,,_,XVii[t?l I|lilll, K,XV,

Year Jan Feb Mat' Apr May J_m Jul Aug Sept Oct Nov Dec Ann l'ht,uiut,, K,A, M_t._fit., aral I<,_l,

1981' 345,6 345,6 346,0 344,8 337,5 332,7 336,0 339,3 .'343.2 343,3 M1,6 (;a_un_,u, I_tSS Attt_,sl,l,t',i_' t'a_l,_,udit,xidc IIIt'ilMllt'lllt'lll_', iii lilt' I t'lllt_tt' !,l_l,i_l

1982 a_4,7 345'.3 346,0 346,0 .345,7 344,7 338,3 332,6 333.4 3.38,4 342.7 L-'_,4,0 Ml,8 lrtq_,:,l_ht.rt, ' I_,'_.;II_.1. l'_'/Ittv
1983 345,0 344,6 346,3 34%1 346.1 344.5 338.7 333.8 , 335,1 .341,3 344,1 345,8 342,7 ,II)(I_I:,Xl 115.

1984 347,7 347,9 348.9 .t49,2 348i0 345.5 340,9 335,7 338,6 343,0 345;(I .347,2 344.8 ('_,nw.y, '1',,I, atul I', 'l'at_!,, It,'_t),,Almt,_,

1985 348,0 349,2 350,7 351,4 351,0 348,1 340,9 336,7 336,3 342,8 346,6 348,6 345,9 I_ht'rit' ('()? t't_llt't'tlllillit_ll", 'l'ht'

1986 350,5 350,9 352,2 353,3 351,4 348,6 343,3 338,7 339,3 344,0 348,1 350,6 347,6 N( )AA/_ ;NI( 't' iI_tsk,_,itutl_litt_.,,nt'lV,'t,rk,

1987 351,5 352,1 353,4 352,7 352,4 350,3 344,0 340,5 340,7 345,9 350.9 351,9 .348,9 9 N1._1'4111511_.I, ('arl*_,u l)i,_xitlt' I_llt_in_ali(m
Analy._i_ L't_ntt'r, ( >ak t_.id!,t' N_ttitmi_l

.,,.,..,,.,...,,.,,............;.................._............................................... 1,ab_ral t_ly, C)al,. I/,itl_,,t','l't' nt_c:,,v,.rt'.

*Atmospheric C()2 in parts per million by volume (ppmv), Annual a,mrages based on monthly means. AU numbers have been rounded to Ktmthyr, \V,! ),, l,,_, \V:tlt'lNlittl, _|tltl \V,I<,
thenearest tenth, 'l'avlt_r, I_;,x?,.,'qt'mial_lt_lllalit' I1(,uli_lwrkb,'u

Rcs_'ar('h _:131.'_ 2?.
_ K_mlhvr, W,I),, R,I I. ( _itr_lu'u,_,'i',l_,, I larrb,,

I.,S, W.tcrman, 'l',,I, ('t_uv,'ay, W,R, 'l'ayh,r,

pbr'tit' ('(),di_tril,utitm', an(I vi_liali_i_r;
I'l*_Illl I t';(,S-SJ_ N ( )A m/( I N1 ( '( ' ( '(}) I1 il_:,_;

_,anll_lcdal it. ]_mlal _!]( ,'_'_,/,hv',ica/

\Valt'l n_,_n, I_l,_"_l_,(';tlil_',_tit_tt _,f ut_u¢li_,

lwr_ivc inlr_tet'tl ('(), ;_t_al',','t'_',v,ill_ ( '().!
i_l-air rcl't'r<'I.'c p,a_',',,.I_,_rn_._/_!I'..llt_,_

[ .,,_,_,\V_d_'rman. I_;,",7, ,'\'_'3'[. Jill/Al{ '_'

{'_hbr_lli_tl_'__ ( '( 2_tl_,_lirq',li'_'tl_'t' ,tL_,t._'_',_','
1_)7_) ,_'5,N( ),,\A 'l't't'l_ui_';tlb,lt,_lt,r,_latlu_
!!'RI,ARI-I!_I) I i_vittmn+t'tlli_lRt'!,t'_r_h

\V_,rldK_.,t<,_it,l_!,,i_,_l()!'_ni/_ti_n,l_,ki_,

['r__'_'_'i__I_I[_[_lilv_IP_ _/_/l_'tic_'_Ir/u_It

_II__I_l_'_'__tl_'_'Lllt_llt__11_'_I_'I_I_'_I._lllcq/_I_

\VM( )"11 _N_ _tt<,( '_t'llt'_,ZI,

'qtl
TRENDS '90
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1 S " (A i d)Pa mer tatlon nver slan

BACKGROUND 380-
Prjnclpalinvestlgators

77wmasJ. Conway
Pieter Tans
Lee S. Watemmn I_. 360 ,-
National Oceanic and Atmospheric ,_

Administration ¢o
Environmental Research Laboratories ¢" -

325 Broadway 80303-3328, '_O 340 - j_ d_q't"
Boulder, Colorado U,S.A, I:::

Air sample collection-With the use of a cD

portable sampling apparatus, two Pyrex
iiglass flasks (0,5-L) previously filled with a O

dry gas of kuown concentration and
connected in series are flushed for 5 min ,.,_ 320
with ambient air and pressurized to 1,2-1.5
times ambient atmospheric pressure.

1

Measurement apparatus - The flask
samples are analyzed for COx concen- 300-
trations at the CMDL laboratory in Boulder l I 1 i ..... _ 1 ' T

by ushag a UNOR-2 semiautomatic 1955 1965 197'5 1985
nondispersive infrared gas analyzer, Monthly atmospheric COz concentrathms.

Data selection procedures-See Conway

et al. (1988) and Komhyr e t al, (1985a),

Calibration gases used- CO2-in-air, , ......:::::::::::_:.:.::!_:__!_ii;_:,. _._. _. ::.:::._.._._._
_... ";_. :::::. ...;...:... ._.:...'.._:...... :.. :.:.:.:+.::........

:::::::::::::::::::::::::::::::::::::::::::::

Scale of data reported- 1978-1983, SIO ,,,,_i!l!iii_iiii!ii_i!iiiiii!., "_ .... _i ! ii_i!iii!iiill!i _"

X83 mole fraction scale; 1984-1987, SIO _ii_ i _!!j_t_ ..........'_,:r_i............... _:_:_':_t i!i_ii!':.'. ,i!:5::"' ,'""'_. ::::'. ::::::::::::::::::::::::::::::::: '.

' ', _ ...............:_ _ _,_t,............................................... , .'_..'_

_;X85 mole fraction scale. _ ,,_:_:_:_:::::..:;:::...:__i!_:_:!__:_"r
I..].,_ _.::::__: _!_i:-_ii_i_i_il_I _i: _:__!_?_.:_
'_:::i_f. _._-. :::::::::::::::::::::::::::::::::':: ::' ' :::::::" _:::::':_Data availability-The NOAA/CMDL flask ....'_.................................. _................... 'it_..'' • _ • ,,...,,,,.., ..,..- ...., v ....,..,.,....ii:_ . • v. ....... .',',., ,

data have been archived with WMO and _,_i_ "_::_!:__ ,' "_ ,:_r'_ .,_

CDIAC. The data archived with WMO are _.......................................... _._.,_ _ .....

_ipair averages. The data available from %iiiii::::iii_ill _iii!:::::::!:_:i!!ii::!_) :_::::i!i_:_::!l
ii',i31!iiii',i'_!ii'_i_......... _i:::i_i,_iii',_ ,_1 _i::iiii_:i!!_,iiiii_,!',ii!ii',iiii!i_:"

! CDIAC (Conway and Tans, 1990) contain a i_!_/ .:_:_ .. __
complete listing,of individual flask values Palmer Station li;iii: _ .._
with flags indicating the results of NOAA/ Anver Island, Antarctica _'_
CMDL's data selection schemes. Barren island seashore

640 55'S, 640 O0'W -_

i

q I

,.... 33 m above MSL
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Atmospheric CO2
_,'_'_'I:_:':_'_',_:_;_::_'*_'_i_:__::_;:_._._._._`_._.;.;._._._.;._._._._._._._._._._._:_._;_._._._._.:1:_;._`_.._._.:_._`_._.;f'_:_;_`_:_:._':_`_:_:;_`_

TREND
These data art_from the NOAA/CMDL

flask sampling program, The sampling site_
at Palmer Station on Anver Island is

operated in cooperation with th_
Washington State University Laboratory for
Atmospheric Research,

The NOAA/CMDL flask data from
Palmer Station show an incrt_as_ in the t
annual value from 333.9 pomv in 1978 to
343,9 ppmv in 1985. Conway et al, (1988)
reported a 0,86-ppmv mean annual growth
rat_ at Palmer Station for 1981-1984 i

compared to a global growth rate of 1

1.22 ppmv per year over the same time i
frame for all NOAA/CMDL flask sampling
sites,

Atmospheric CO2 concentrations at
Palmer Station show a seasonal pattern with

i' the annual drawdown typically occurring in
December_-January and the annual buildup
occurring in May-July. Conway et al. (1988)
reported the peak-to-peak seasonal
amplitude for Palmer Station to be 1._
ppmv for 1981-1984,

:I

!

!

, TR ENDS '90



Palmer Station (Anver Island) Atmospheric COz
_::_y_:_:::_::: _/_:_:_$_ _:_:_:_:_:_:_:_::_$_:_:::: _ _:_:_:_:$_ :f_:_:_:_:_$$_$::__:_:$_::_:_:::_::_::::_:_:_:::_:_:::__::::_:_::: __::::::::::_:_::::::_:_:::::_:_:::::::::_:_:::::::_:::_::_::__::::_:_::::_:::_::::__::f_:::_:_ :`_:.:_``.::__:_:_:+__>:.:;__:___:;:;:.:_:__+____.__5__b :_:.__:4 :_:___:;:`:̀;5__:.:__:̀_:_̀_:;:_:___:.___̀.___:_:_>:4 ::::̀_>_`_:_:_.:.>:_:_.:_>>>:+>:_2_:.2_5::2+:.:+:.:_`_:_4_:_._:.:::_:_:_.2_.

!i............................................. '4 i, :_...... :,.........-_;":;"-_.......................i_ RE[ ERI,_NCESAtmospheric Concentrations of Carbon Dioxide*

Year Jan Feb Mar Apt May Jun Jul Aug Sept Oct Nov Dec Ann ilrC _..._nway, T.J., Tans, L.S. Waterman, K,W.!: 'l'hcming, K.Ao Masaric, and R.H.

, (.._
19"/8_i_::::.:_::332,6:::::. 332A: 33217 : 333.0 333.2 334_1 334.8 335.0 335.1 335,0 334:8 3345 333.9 _ Gammon. I)88. Atmosl_hcriccarbon

19791::_::::_:i:::334:2:: 334.0 :334.0 334.0 334_2 334.5 335.2 336.0 336,7 337.0 336.8 336i2 335.2 ! , dioxide measurements in the remote, global
i_ t troposphere, l_)81----l!_84.7i_llus

1980::i:_i:::,:::_335;8 :. 335.7 :335;9 3.36.4 336.8 337:3 338.0 338.7 339:1 339:0 338.6 33&4: 337;5 ii ' 411(B):81- l 15.
1981 338.9 338.?' 338.8 340.0 340.2 340.7 340.8 340;9 341.3 340,8 340.7 340.2 [ C (?,onway, T.J, and t'. Tans, 1!_)0, Atmos-
1.982 340.0 338.6 339.3 339.6 339.2 339.5 339.9 340.3 340.4 340.3 339.7 339.7 i: i phcric C()2 concentrations-The
1983 339.7 339.4 339.6 339.8 340.6 340.8 341.4 342.0 342.1 342.2 342.2 342.0 341.0 ii } N()AA/GMCC t'lask sampling network.

;1984::_;:/:i:_:::_:::342.2341.4 341..7 341.8 341.8 .. 342.2 342G 343.5 343.9 344.2 343.8 342.7 J NDP-(X)5/RI. Carbon Dioxide Information .

1985::::i!:i::34Z8 342,7 342.7 34325 343.0 343,5: 344.0 344.7 344.9 344.8 345.3 344.6 343.9 i: , Analysis Center. ()ak Ridge National
" i:: _ Laboratory. ()ak Ridge, Tennessee.

1986 ,::i::::::344;4 344,0 344.2 344.5 344.3 345.8 345.8 346.3 344A i K Komhyr, W.D,, L.S. Watc, rman, and W.R.
1987 344.6 345.1 345.2 aa'_.7 346.5 ,346.9 346.9 348.1 349.0 347.4 346.5 i: ' Taylor, 1¢_83.Scmiautcmmtic nondispcrsivc

i infrared analyzer apparatus ftu C()2 air

*Atmospheric CO2 in parts per million by volume (ppmv). Annual averages based on monthly means. Ali numbers have been rounded to _ _ sample analyses. Jountal of Geophysical
i: ,. Research 8k'_:1315---22.

the vearest tenth, i ,
K Komhyr, W.D., R.I !. (,ammon, T.I't. t tarris,

I,.S. Waterman, T.J. Conway, W.R. Taylor,
• and K.W. 'l'honing. 19HSa.(;lobal aimos-

phcric C()2 dist ributiona and varial itms
from 1!K_8-82N( )A A/( ;MCC (_',()2 flask

sam pie dat a. J,otu'tlal of (h'_q)hysical
Reseatrh _(1:5567- 55_,_.

K Komhyr, W.I)., T.B. l tarris, and I_,.S.

! Waterman. 1985b. Calibral icruof nondis--
ii pc,rsivc infrared (,7()2analyzers with C()2-

in-air reference gases. Joun.tal of Atnms'-!
i I pherican,lOceanic7i_cltnolo,kn,_.,_.-.-_+'._,
i:T 'l'hcming, K.W., !'. Tans, 'l'.J. Conway, and
: I.,.S. Watt rm an. Iq8"7.N(L4/!/(;MCC

, ca!itm_tions (_fCO,_-in-air r_Ji_renccgases:
": 1979---85,NOAA "l'cchnical Mc mcwan,.lum
il IiRL ARI,-15(L Environrnenlal Research

i l.ab¢_rat_r'¢, Bt_uldcr, C.oh_rad_.

i::_ World Met c_rolog, ical ()rganizal ion. 1qbgq.
, Pr(n,isi+mal daily atm(_spheric cart_+m

i , dioxide c(_ttcetltratit)tls as nli'a.';ttrcd til

ii , fL4 t:'AI_N sites .f_r t/zt vcatzv1<28(_am/ 1987.
i WM()/I'I)-N_. _(16.(;tnt'va.

TRENDS '90 __.1



Point Barrow

ii......................... ..........................
!:_Principal lnvestigato_s 3110 -

!i: Thomas:ZConway

Pieter Tans _ -
:,LeeS;Waterman
:..NationalOceanic andAtmospheric _ 360 -

ii Administration:

i: ' Environmental ResearchLaboratories _ - ' _ £°¢- _ _ _ ,.," .
ii_ 325Broadway: ' O , ._ _ _t " : '.-

oo. • • •

Boulder, Colorado:80303:3328, U.S.A: _ 340 _ . t P..P: " • - " " . _
!iAirsample collection-With the use of a r-- _ f ,, .%._.• . • .. _

portable sampling apparatus, two Pyrexglass OO , ,_.i.." • '- • ." .. ".. • : :
flasks(0£-L) previously filled with a dry.gas e-. - _" " : .. ". " . "
of known concentration and'connected in ¢0 ". : : _ " "

ilSeries are flushed for 5 rain with ambient air _ 320 -

and pressurized to 1.2-1.5 times ambient O
atmospheric pressure. Samples are generally (') -
collected once per week on a schedule .',
determined largely by the sample collector,

t 300 -Measurement apparatus-The flask samples _ _ _ _ _ _
are analyzedfor CO2 concert- trations at the t "1955 _965 1975 1985
CMDL laboratory in Boulder by using a :. Monthly atmospheric CO2 concentrations.
UNOR-2 semiautomatic nondispersive
infrared gas analyzer,

Data selection procedures-See Conway _ ':"_"_ _::::!_!iii_ii....... '_- "'_ .-.::'.::"_"''_......et al, (1988) and Komhyr ct al, (1985a). -rr'r.....:_:..._..._
...,_,,.:..:._::..._:::::._:!,...:_ ._, ......__.,._.:_::!_._::__:_!_ i_':'..::_

. ,,_.................................. _::_i:*::._i::i::ii!::iiiiiiiiiiiliiii::iiiiiii!i::i_iiiiiii::ii!iii!ii:iiiiiiii::i::iii::iiiii_::_.,._'
Calibration gases used- CO2-in-air. .,._,;,i_i::!::i!iiiiiiiiiiii_:_::__,, .._.i_i_ii_iiii_i!iiiiiiiiiiiiiiiiiiiii_ii_!i_ii_iii:iiiiiiiiii_:_

Scale of data reported- 1971-1983, SIO X83 ':iii_ii_iiiii_i!iiiii!_ ,. :_ _...'_-iÈi_i:i:i:i:_._:!_!_!!i!_!_:!:i:_:_:_:!:!*i:_:!.'.._:!_:_.._:i_:!.._:!:...._._._._...:............"' :':............ :":"_"_'_'
m01e fraction scale; 1984-1987, SIO X85 ., '_ , ...!_ii::_iiiiiii:::._::_::::::::._i_.:::::::::_:?_ff_"_..::::..::.::::.._
mole fraction scale. _i "__ _-, :i_::i::_::_!i::ii_i_iiii::!ii:i_!i!_!!i_!i_::_i_i::!.:.x._.,._:_:i:._..:_i_i!ili!.x!_, ,, :,
Data availability- The NOAA/CMDL flask ;_!i_::::iiii::i::i!ii!!_ii_i::i:..x...._ _ : :..:.... .

data have been archived with WMO and ,...,...>..:_::_:_._.. _,.._iiiii_::. "_:_:_i_"!! _!!i!!i_!:.:_.i!!i!ii!iiii:' .'x:' ..:::.::!:_:'.O:_!:CDIAC. The data archived with WMO are _:_P_i!:_

' % .pair averages.. The data available from
CDIAC (Conway and Tans, 1990) contain a Point Barrow
complete listing of individual flask values Alaska, U.S,4.
with flags indicating the results of' NOAA/ Arctic coastal seashore
CMDL's data selection schemes. 71° 19'N, 156° 36'W

11 m above MSL
______....__.::._..__:.._._________.._.._....Y_._.....__..._______::________.__._._._.:_.___...________.___._.....__.._.________.:___.._:________..__.____._._.____:_..._____.___.___.....__._____._.._
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Atmospheric CO2

,,., ,.,.. ,...,,. ,,.,,., .......,..._, .. °.°..,,. ° .,°_..,..,°, ......,°.,.°.,,, ,.,.... ,°.,,...,, ..,.,, ..........c.. ,,,.,.,.,. ° ... ,., °...,.

TREND
These data are from the NOAA/CMDL

flask ;ampling program.The NOAA/
CMDL flask data from PolntBarrow show
an increase in the annual value from 327.3
ppmv in 1971 to 349.7 ppmv in 1987.
Conway et al. (1988) reported a 1.26.ppmv
mean annual growth rate at Point Barrow
for 1981-1984 compared to a global growth
rate of 1.22 ppmv per year overthe same
time frame for ali NOAMCMDL flask
sampling sites.

Atmospheric CO2 concentrations at Point
Barrow show a seasonal pattern with the
annual drawdown occurring inJune and the

:_annual buildup occurring in November.
Conway et al. (1988) found the average
peak-to-peak amplitude for Point Barrow to
be 15.65 ppmv for the years 1981-1984.

:i

TRENDS '90
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St. Croix

380-
Principal :investigators

Thomas I; Conway _,
Pieter Tans

Lee S, :Watehnan

National Oceanic and Atmospheric ,_ _60
Administration cn

Envlronmental Research Laboratories _ ,. ?. _/_./_325 Broadway "_1 ._.Jt ._

Boulder; Colorado 80303-3328, U.S.A. _ 340 ._...""...., .t_
Alr_sample collection-Withthe use of a _ "__ x ,Q

portable sampling apparatus, two Fyrex . c:O
glass flasks (0£-L) previously filled witha ,Q
dry gas of known concentration and to

320
connected in series are flushed for 5 min (_
with ambient air and pressurized to L2-1.5 O
times ambient atmospheric pressure.

Measurement apparatus- The flask

samples are analyzed for CO2 concen- 300 -
trations at the CMDL laboratory in Boulder _ I '_ _ _ _ f
by using a UNOR-2 semiautomatic 1955 1965 1975 1985
nondispersive infrared gas analyzer. Monthly atmospheric COz concentrations.

Data selection procedures-See Conway

et al. (1988) and Komhyr ct al. (1985a), ,..... .__!i::iil_.., _ ._., :,.......
Calibration gases used-CO2-in-air. ,_i__?_i_ _, ._:._:_:_/li_iii_iiii_l..'..:_:._:._:.,._.._....
Scale of data reported- 1979-1983, SIO .,_i._:_........._,.__ _::_....................................... %

_:::.+::-::::::::::._;:'•• :_::::.'..:.Tr._pt '_i::;_::::::::::::::: :::::_::::::::::::::"::.:::::::i!!iiiiiiii!i:iiii:!:::!'.'
X83 m01efraction scale; 1984-1987 SIO _.."_-.:_:__:_:_:__:_':_ :._:_YL':2:_:_:_..'.i.'.::!:_i-i:._::_-_:'_::_-"V'._::: :'...::::::':::':::" .".'.' ........... ................... :....

X85 mole fraction scale. ', X::_:_I.,;!::,z_ _!.::_i_!__!_i_i_i_!_ I:_
_:,'.'::::_,_._'_.': ' ...'.:_:i:::::_$_.:::_:!:i:_:i::!:!:!:i:..:::i::::::::::::::::::::::::::::::::':

Data availability-The NOAA/CMDL flask _ _ ,.'::i:_:i:_:_......:::::::::::::::::::::::::A:::::::_!_./.*::::::.:.:i_._
_:_' _.'._i_i_::_i_/_i_!_i_!_i_i_i_i_!_i_ii::::!iii_:_ii_ir i'_ ". "

data havebeen archived with WMO and '*'_:":::::::::.... "'_:':':::-:::'_:::::':'...........................' _x i::" '::
CDIAC. The.data archived with WMO are iiiiiiiiiiii!iiiiiiiiiiiii!_i!_:_!::_'"_iJliiiii!iiiiiiiiiii!iiiii_I ' ;_'__r!!_!_..::_.'' "_'_'"'

======================= :!:::::::::::: 1.: %..
pair averages. The' CDIAC archive contains ............... ,.,.................. :_:::_._:_.......
acomplete listing of indi,Adual flaskvalues, .{ii_iiiii!!ii!i_..... !iiiifiiiii!iiii!__i_''." fi!::iiiii!iii_i!iiiiii_i_iii!i!!_i_
with:flags indicating the results of NOAA/ ,, 4_ _,
CMDL's data selection schemes. St, Croix "._ ,._:_

Virgin Islands, U.S. Territory
Island seashore

170 45'N, 64* 45'W
3 m above MSL

....... ,..,.....°,., ,,,.,.,.,..,,,,. ...... , ........ .. .......... ., .............. ,., ......... ..°,.,..°.,,
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Atmospheric CO2

-,._,,°,-.H.,,..,,, ...... ,°.°°.., H,,...°°.....°,...°.,.°,°,._°.,..,,°°.°.,

TREND

These data are from the NOAA/CMDL
flask sampling program, The sampling stte
at St. Croix is operated in cooperation with
Fairleigh Dickinson University, The
NOAA/CMDL flask data from St, Croix,
Virgin Islands, show an increase in the
annual value from 337'.1ppmv in 1979to
348,1 ppmv in 1987.The 1987annual
average was based on 147flask samples,
Conway et al, (1988) reported a 0.96'0pmv
mean annual growth rate at St, Croix, Virgin
Islands, for 1981-1984, Conway et al, (1988)
found a global growth rate of 1.22 ppmv per
year over the same time frame for ali
NOAA/CMDL flask sampling sites.

Atmospheric COx concentrations at St.
Croix, Virgin Islands, show a seasonal
pattern with the annual drawdown typically
occurring in July and the annual buildup
occurring in December-January. Conway et
al. (1988) found the average peak-to-peak ,
amplitude at St, Croix, Virgin Islands,
during 1981-1984 to be 8.73 ppmv. Unlike
the data from a majority of stations in the
NOAA/CMDL flask sampling network
during 1981-1984, the data from St. Croix
did not show a growth rate minimum in 1982
and a growth rate maximum in 1983.
Instead, the data from St. Crolx exhibited
large oscillations in growth rate throughout
the data record.
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d

St. Croix
Atmosl)lnerlc CO2

. ? _?(Atmospheric Concentrations of Carbon Dioxide* I{I_Ii'!!;IALNCLS
CXmW',y,T,J,, l", Tans, I.,,S, Watt:rlnalh K,W,

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann 'I'h(,nJng, K.A, Masari(_, and R.I 1,

1979 337,3 338,2 : 339,4: _0,7 340,8 338,4 335,2 332,9 332,8 334,6 336,6 338,0 337,1 (;ammon, 1988, Atmospheric cat'bon
1980 339i5 341,1 ,342,7 .343,7 343,4 341,4 338,6 336,0 335,1 336,2 338,0 339,8 339,6 dto×fete mea_mrcnu.:nts in the rexnolc global

1981 341.2 ' 341i9 34214 343,9 343,2 341,8 340,9 337,4 336,7 335,6 338,7 339,2 340,2 tropoSldlCrC, 198 I.. 1984, 'liqlu,_'
411(tl):81-115.

1982 342,1 343,3 343,1 343,8 344,0 '3430 340,7 337,3 336,1 337,9 339,0 .341,4 341,0 Cmtway, 'l',J, and P, Tans, 1(_), Aitm)s.,
1983 341,9 343,2 344,6 345,4 343,6 345,0 342,3 339,0 340,1 339,6 ' 338,8 341,4 .342,I phcrlc CC)2content rat it)ns ....The
1984 343.2 344,8 345,3 347,4 348,0 346,9 342,7 340,2 338,5 339,5 341,0 343,4 343,4 NC)AA/(]MC(.: flask Saml)ling nctw_)rk,
1985 345.5 346,0 346.5 347,6 348,4 348,1 345,9 343,2 342,2 341,6 344,6 .345,5 345,4 NI)t'-(I(I5/RI, Carbon Dit)×idc lrffortnatitm

1986 346,3 347,6 348,4 349,0 ' 349,6 349,0 346,8 343,9 342,7 344.0 345,9 346,8 346,9 Analysis Center, ()ak Ridge National

1987 347.7 349,2 350,6 351,6 350,2 349,3 347,5 346,5 345,4 344,8 346,8 .'_8,5 348,1 l..abi)ratory, ( )ak Ridge, 'l'cnncsscc,
...............,..............,........................................................................ Komhyr, W,l),, I,,S, Waterman, and W,R,

, "raylor, 1983, Scmiatltcmmlic nondispt:rsivc
*Atmospheric CO2 in parts per million by volume (ppmv). Annual averages based on monthly means, Ali numbers have been rounded to inl'rarcd artalyzcr appax+attls lhr ('(12 airthenearest tenth, ' -" ,

sanlplc analyst!s, Jollrtlal o.f (]i,Oldl),sical
Reseurc#l 88:1315.:22,

Komhyr, W,D,, R,II, (;ammcm, T,B. Harris,
L,S, Watctrnttn, T,J, (.'.tmway, W,R, 'I'ayhu',
and K.W, Thonhlg, 1985a. CIIobal atmos-
pheric C()2 tlistributitms and variations

'from 1(_',8-82 N( )AA/(; M('(' C()2 fhtsk

Saml)lc daIa. JtJllrtlal of (Teoldty_'ical
Rcscatz'tz (_():55()7..55!_),

K_mlhyr, W,D,, 'I',P,, i larris, and I.,,S,
W3lcrlllllI1, 1U851_,('alibraticm of tmndis-

pcrsivc infrared ('.()_ analyzers with C'C),,-
. in-air rcl'crcx_cc ga;ius, ,lt_llrtl_lloJ',,itt_lo,_'-

plleric aral ()ceanic 7i_clm_,h)gv 2:82..88.
q'honinb,, K,W,, I', 'l'an.%T,J, (.'(mway, and

1,,!.;,Walcrman, 1!_8"l,N(),,t,.I/(;,_IC'('

(alitmaiotzs of( '()l..in-air rcfi'rcnce gas('s:
1979.85, N()AA TcchnicaI Mcmorandttn_
[';RI.. ARI,-15(I,|fiwil'(mmt, ntal t_,,scarch

l,abt_ratc)ry, l]_)ttlth:r,(icdc)rath),
Wtwld Mclcc)r_)h)gical ()r!Ullli/,:lfi()ll, I()SQ.

t'rovisional daily at,losphcric cart,m
dl'(_.rith'ct)/ICClltrali(_llSas ttlt,tlsllr('d til

B,'It'Ah)N sitcs fi_r til(' .years 1986 atttl lOA'7,
\VM( )fl'i )-N(). 3(1(_,( ;cncv;t.
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Terceira Islands (Azores)

BACKGROUND - i
Principal Investigators

Thomas J, Conway
Pleter 7"arts
Lee S, Watem_at! EL
National Oceank_and Atmospht_rlc ,_, 860

Admlnlstratlon

Environmental Rt_searchLaboratories _ ,,

325 Broadway '-_ y _ ,1'.0,_" " "
Boulder, Coh:,rado803(13.3328,U,S,A, 340 - _ _. l t ..... .

Air sample collection- With the use of a • . '

portable sampling apparatus, two Pyrex
¢

glass flasks (0,5-L) previously filled with a .Q
dry gas of known concentration and

320-
connected In series are flusht:d for 5 min O
with ambient air and pressurized to 1,2-1,5 C)
times ambient atmospheric pressure,
Measurement apparatus - The flask
samples are analyzed for COx concen- 300
trations at the CMDL laboratory in Boulder --" i ...... _ .... 1 ' _...... I - _ _ " _'
by using a LINe R-2 semiautomatic 1955 1965 1975 1985
noridlspersive infrared gas analyzer, Monthly atmospheric COzconcentrations.
Data selection procedures-See Conway
et al, (1988) and Komhyr et al, (1985a),

Calibration gases used-C.O2-in-air, ..::::::........:_(_i_!i!'!ilili_!!_:,_ _,. ,,_. ,
Scale of data reported- 1979-1983,SIO ...............:::""";...... _' .....*::_'.........................."..,,.._'" _:..':...... _._,::::;:_.'.;:_. _ ,:_::_...................._.... iiii!!!ii!ii;ili_i!:!;i_;_:_' ,::::::::; ..:,._ .;::::::',:',:,_1_11,'_. ,,,NII ..:'1,,,,_.,:::,:,:.:...;,:.::::::::;:::::::,,;,:,:::.:',:::::::

X83 mole fraction scale; 1984-1987, SIO ifi!i;i!i;ili__ :!i_" "_i_;_i_;_i;_!_i!i;i_i_i!_i_i_i_;i _i::_!;_i_i_:_..]
X85 mole fraction scale, _ =¥ _:_:::_:_:_:_:;_._,..:a
Dataavailability- The NOAA/CMDL flask ii!iiiiii i!!i!._i!ii!ii!i!il!_,r

data havebeen archtved with WMO and _ _ , i .!"

CDIAC, The data archlved with WMO are _!_ :'i_)._." -;'S_Z_'_5:_::::,:,_pair averages, The data available from

'_iiii!!i;!iiii!ii!ii:_ !iiii!ii!!;iiiii "-,. _.:i._, .i"_:_,',"%

CDIAC (Conway and Tans, I_X)) contain a _i_i_i;;; _ii_!::ii;_ .... :iii!;iiiii_!'l,'f::::::::::'::: '::::::': :': " .i!:i:!:!:!:i:!:i:i:i?iiii:!:i:i:i:i;'..,

complete listing of individual flask vahles Tercelra Islands :i ,. ._!_!!)
witt_tlags indicating the results of NOAA/ Azores _a:_:_"

i CMDL's data selection schemes, L_'landseashore
38o45,N, 27o05'I4'i

ii....................................................................................... 30 m above MSL
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Atmospheric COz

TREND
These data are from the NOAA/CMDL

flask sampling program, The Tercelra
Islands sampling site is operated in
cooperation with the 7th We.ether Wing of 1
the United States Ah' Force, The NOAA/
CMDL flask data from the Azores show an
increase in the annual wdue from 338,4

ppmv in 1980to 348.2 ppmv In 1987,The
1987annual aven_gt,was based on 55 flask
samples, Conway et al, (1988) reported a
1,65-ppmv mean annual growth rate wtthe
Azores sampling site for 1981-1984
compared to a global growth rate of 1.,22
ppmv per year over the same time frame for
ali NOAA/CMDL flask sampling sites,

Conway et al, (1988) fotlnd the average
peak-to-peak anaplltude at the Tercetra

Islands sampling site during 1981-.1984to be
10,15ppmv, Unlike the majority of stattons
in the NOAA/CMDL flask sampling
network during 19811-1984,the data from
the Azores did not show a growth rate
minimum in 1.982and a growth rate
maximum in 1983, Instead, the data from the
Tercelra Islands sampling site exhibited
large oscillations in growth rate throughout
the data record.

TRENDS '90



Terceira Island (Azores) ,,..

Atmospheric Concentrations of Carbon Dioxide* R.I",!:1?,I_i,',N _ "'
! t't,_lV,'av,'l',,l., I'. l',_it,, I .I'. \V,_It+'_,_,

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann 1 I<.W.tl_,,t_i_,., I,.,.\ Xl,_.,_,i,., ,_,,,II,1.11

1980 339,5 341.2 342,3 342.6 3413 339,3 335,4 332.0 332,4 336.1 339,0 339.8 338.4 t_,,,_,,,,,_ I'_:<X\tl_t,,l,t,t _,i, t,_l,,,,,

1981 339.7 341.8 344.3 343A 343.5 339,7 337,2 335.8 333.3 336,5 338.7 340,4 339.5 _li_,xi_h',,it:,.t,tt,,_t _,1 i_ I1_ _,,,,_,1,!,lt,l,,,

1982 341,8 343.3 ."_4.1 346,6 344.2 343.2 335.4 333,8 334.2 341,1 342.2 344,8 341.2 i_t,l,t,_,l,t,_, It,,',l I'EI l,[ht,,,11)(1+,1_,_;I I ',

1983 344,6 346,3 M4,6 .345,8 .345.4 343.9 341.1 338,1 337.9 339.8 344,9 344,0 343.0 I ¢_,_v,_v, II ,_,1 I' I,,,__, t'_'>l_\_,_,,

1984 346.3 347.8 347.6 346,4 '348.1 345,4 Ml.6 338.9 341.4 344,6 346,6 345,0 I,l_t'_ it _(>' _t,l_t_'_lll,Ui,,_', I1_'
1985 346,0 348A 350.5 .348.4 349.4 346.4 337.1 340.2 346.6 348,9 346.2 t',l_:"\'\'t kP,,ll'_ I1,_,i ,+_l,_l_li_' ii, Iv,_,l L
1986 350+0 349.3 349.7 .345.6 351.8 NI _I' t>+)',/l'_I _ ,_ll,,,l+ l+l,,':itlt' Ii+It,_t_,tti_,_

1987 .'348,2 .349.5 351.3 354.7 347.8 345.7 345.8 341.8 346.1 348.6 350.6 348.2 A_t,tlv+.i,t 't'lllt'l. (I,tL I.'ttl+','N,,tlt,l+,,l
t,:_l,t,l,tlt,I'.,'+ (),tl. l.rli,[+,',,', l','llll+ . ,',''++'

*Atmospheric CO2 in parts per million byvolume (ppmv). Annual averages based on monthly means, Ali numbers havebeen rounded to 1 ;_vlf,r. I_):""; ' _,_l,_ttl_,l_,_t _t t_, ,_,, til ,_ ,i_
the nearest tenth, illil_ilt',l ,til;llV, c'I +_l'l'_li _t_l l+,i / ( }, ,iii

:,,ll,ll_l_ ,_l,,llv _ /, ,;,,zt,_/, '/ ' ,<', 'i 'lt_''t_ 't!

/_",_'_t_i'/i i',',,",:I;I ', '

i,I,_'_ it' _.'( _ ' til ,I_ _l,tlti, ,I_ ,_lltl _..ii li_t_ _i_.

It_,l_t I_,+(,_','"' i',t _ \,.;,t ,",.ll I I _ _ iI,_.I

,,,_,,i,I,.. _I_I,_, l,,I:,"_I _,'I t ,,',,,,II ,,_ _,"

'I I',. II,_,I_., _II ,] l<.i,,_l_'_ 1, ',,\'. I _.,

\\',_It't_tt,tlt I_.",I, i itll,_,tll,,l_ ,,I i_,,_l, ll.

[++t'l,,t_,t ' L:III ,tl_'tl { Ii, +lll,ll',,'I'l ,,',Ill' t t +'

iii ,lil It'l l+,'Ittt s',l',, , ].'li'If'II '[ ll/,'l,',

+/,/l<'/I_ +t/l,/ (_t+',+/it+ !,_ lI_l,,i',u", .'"", ' '".'".

I,.!, \\i_I_'illl,til I'Y,",' ",'I_l I +, \Iii

(.tlIi]+!ll(l<+ll+ <1[ i + 1' II[ _ti .....'/+'li'ii+ t' l'+l',t'.

I I,l,l ."I.!l lt I ll',tlt'llIIit It_,ll I",' ,t',IIIll,'+

l';'+ _'l\It :,titll' +/t/t/\ _I¢],'1, "1 '11'/1< ' '_'P" 't'

till,xi+Ill _tlt'+'tl[!<l[l+_+l+' _l+ /'ii t/ 'li/¢'t/ ii(

l¢ I['++X[_'' _t/,'. / .... [/l_ +X'<'+"/" "'Lt"+"_l;l'[ /+)?+''• +, ,

Wkl() If.':,*, 'li+,(,, I,,",,
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Izafia
• . . ,_ .....................................

'::: BACKGROUND 38o-
gators

i_i::All_erto:Lin_s!Escard6 .... .....

_::_:Beiztriz Nai, asi:u_s ..........._ i -_

::?::iiCa_en:Rns:i_.._:.:::.:::_..?. _ =Ca. 360
:ilngtitutoNa_i6n_ deMete0rologia i _

._::_iCiddad UtiiverSitaria ...... cn

_:_i::MadfidiSp ain _ g.
?R_i_er sehmitt

Zentralamt: "-- 340 - _ _,,Frani_furterstrage 135 "_O
D:_50offenbach o

e-
F.R_G. O

Air sampleCollectl0n-Air samples are Oo_ 320
collectedcontinUous!y through an 18.m-high (D
air. intake. :Greatei details about the mea- f,)
surement: methodology and calibrations are
given inNavaseu6s et al. (1988).

Measurement apparatus - Siemens 300 -.......... _' _i _ ' i _ _ _'
ULTRAMAT 3 semiautomatic

nondispersive infared gas analyzer. 1955 1965 1975 1985Monthly atmospheric CO2 concentrations.
Data: selection procedures- Data are

l:accepted:wh_n, during 0.5 h, the standard
deviation of individual measurements taken

every 10 s does: •notexceed 0.075 ppm. ..°_,:_.__!_i_::..., _- .2. ......
• " ._:_'_,j_t_:._,_;:::::_, • • _...'_¢:_:::::::::::::::::::::::::....

.... _....... _ . ..... ' ...'..._. 5.,-,.*.::::::::_:::i:::::::::::S::::::'..'._:::

:i!ii iii::i!iiiiiiii!ii!i::il :iiiii iiiiii:    !!.
Calibration gases used- CO2-in-N2 and ....._:_tii;i!!iiiii::iiii::_i_;ii::::i!_ ._ :i_;_::iii::ili!iii!iill
CO2-in-air. "- .,..........._:. ::_........,, _ ...............:_........... i!iiiiiiii!ii!_ii_iii_!iiiiiiiiii!_i!_..'.....................:....... °.......... .......:..:.:._._;.. ,.....:.:.

Scale of data: reported-CO2 concentrations !iii!_ii_ii!ii!_iiii:_f A,,. _::_i_iiii liiiii!!!iIiiiiiiiiiiiiiiii!!i!iii_!iiiiii_ili!_

!i are given relative to an internal scale based . _iii!ii_, _iiii!ili_!iiiii!iiiiii!i_ii::!::_!iiiil__i_ii!:.i_!,J:_iii_:_:i::_.' _._ _.'..::_:.:.!_!:i:_:!:i:i:_:i:!:_:i!i_!!i_i_iii_:_¥'._:__:i_

......on three primary CO2-in-N2 tanks and a set

of COvin-synthetic tanks. .:_:_::_i_i_!_i_i_....... *.:_;i_::_::_::_!_ '_:_!!_i(_._.....,,.,:.:.:.:'_!.'#:._._ •

Data availability- In addition to being ":_iii! ........_i_::_!_i_::_i_i_i_ii_ii_i::.,,iiavailable from the principal investigators, lzafia Observatory

these monthly and annual data are provided Canary Islands, Spain ,._

• , .,.:_

to and have been reported by the WMO Top of a mountain plateau
(1987):. These same data are also available on a volcanic island
from CDIAC. !i 28° 18'N, 160 29'W

2367 m above MSL
ii............................................................................................................................................................................................................!
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, ° ,...w....¢. ° ,... °,,,,_¢°_,.v, _ °. °..,,,....,v,.°., .v° .v..°. °v°.,,........ ..¢ ...... °.,°°°°°,.°., ..... ° ...........

TREND
The IzafiaBaseline Station at Tenerife,

Canary Islands, hasbeen making meteor_
ological observations since 1916.In 1983the
governments of Spain and the Federal

iRepublic of Germany signed an agreement
to set up a baseline station on the Canary

_:IslandS. Since June 1984,the Izafia station
has served as the Spanish contribution to the
WMO BAPMoN network.

The climate of the Canary IslandS_is
affected by three major factors: circulation
forced by trade winds, Saharan air invasions,
and oceanic disturbances (Navascu6s et al.
1988).Ali of'these factors influenc_ the .... :
measurements of atmospheric CO2
recorded at Izafia. Changes of air mass are
strongly reflected in the concentration

. records of CO2, CH4, and 03. Saharan air
"1" i invasionsnormally occur in August, when

! there is a high-pressure system to the
ilnortheast oi the Islands. These invasions

! carrydry, dust-laden air that has been
i:depleted of CO2; Schmitt et al. (1988) also
i reported that the transport of Sahara dust
iiresults in an increase of optical thickness
: and an ozone depletion.
: The mean annual atmospheric CO2
_concentration at the IzafiaBaseline Station
i has risen from 336.6 ppmv in 1984 to
_:343.3 ppmv in 1988.Atmospheric CO2
i concentrations from Izafia exhibit both

diurnal and seasonal patterns. Annual
maximum values occur in May, and annual
minimum values occur in September.

TRENDS '90
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Mt. Cimone
.,,o.o.o...,.°.°.,.,.....o.°.°.o...,.,...o.°.o.,.°......°.°.o.°.....................°.'.°._.°.°._.°._._._._`._`''._..``..._.`._`_._._.``'.'._'_'_.`._._._'`._.__°__'_._._.'.`.°._._``''.`.___...........°,,

BACKGROUND 380-
Principal investigator

Luigi Ciattaglia ,_, _
Aeronautica Militare F::
Italian Meteorological Service t:l.
Vigna diValle Observatory ,_ 360-

: 1-00062 Bracciano to

Rome, Italy _ t t ,,__,.-',O

•.". "";Air sample collection- Continuous. Since "-_ to _ ,_ ".
December 1988, flask samples have also _, 340- • .....t,-- .a' .. _, "t."been collected.

Measurement apparatus- From 1979 until OO "" " " _ _ "t-- :f_
December 1988, a Hartmann-Braun URAS 0 °

2T NDIR gas analyzer was used for CO2 O 3')0
determinations. Since December 1988, a
Siemens Ultramat 5E gas armlyzer has been O
used for CO2 determinations.

Data selection procedures- Hourly CO2
values are routinely plotted together with 300
wind data. Anomalous values and values I 1 _' ' _ f 1 i"

affected by instrument failures or local 1955 1965 1975 1985
sources are rejected. According to Ciattaglia Monthly atmospheric COz concentrations.
et al. (1987), only 11.2% of the recorded

data is removed. !

Calibration gases used-CO2-in-N2. . .._..::_,_.:.:.:......_:_.......
Mixtures provided bythe Scripps Institution i ...... _:_,_,_ ........._ _ -r._ ..:....... ,,__:::_."_ =, ._!!_:_:.._:_:_!_:_::::_:_!!:i!i__i_i_
of Oceanography, :..........'::::" ' ':::"_....._.......................

Scale of data reported- 1985 WMO/Scripps _::_::_!_i___::!:_:_" .._:..:_:_:..'_:t__;_ ii!i_ii_:_3 .ii_i_!:!!i_::_::iiiiii::!ii::::ii:: :_ _i!__'_ .....................::!_i:ii!_!i__i::i!iiiiiii:;:. _._.._

mole fraction scale, , "_i_iiiiiiii,..._ _:!.:iiii_.....,_.::_ii_i¢iiiiii__i_i_i!iiillii::::i::ii_i:'_'__:_:_ ...._:::ii._!j"_.::.:t _,-. _.i.i.i._ii.ili!iil.i.li_i::::::i.:.ii::iiii.iii::i.:ii_.ili.i.l.i._.i.::.:__Li.i.::.ii_:::::i.i.::iii:

Data availabllity--These monthly and _ii_ii!::_i!i_: :il!!iiiiiiiii_ili!iiii_iiii!!iiii!i__i!i_'i_!iiiii_/'_ii_i_
annual values, as well as the hourly and daily ._i!iiii!ii::iii::ii_.._:_ii iii!::::ii::i::!ii::iii::i_ _ "';i

l

::::::::::::::::::::::::::::::: _::::::1:: ::::::::. : '_.: .:,.:. ',._

concentrations from Mt, Cimone,:may be :_::{i_iiiiiii_iiiii!iiiili!..... :iiiiii_ _ , __ ""_"__i_
obtained from the principal investigator. The _i!_ ......_::!i!!iii::iii_ii_/_'S

mot_thly and annual concentrations *:ii::ii_ ,,
presented are available from CDIAC and Mt. Cimone
are also archived at the WMO :and NCDC. Italy '_' .._

:_ Mountain top
44° 11'N, 100 42'E
2165 m above MSL

....,,,...v.,,,,..v°,.,..,.,..,..°..v,...,.,....,,.....,.,°v. ,.,.,.°v,v,v°.,.., ...,......,.,....,.°,..,.,.,.,vc.v,,..,.¢...,.., °.,.,v.,,.,..v.,..,,,,..,...,'.'r,.,.°v,...:



Atmospheric CO2

TREND
Mt. Cimone observatory, a station 0f the

Italian Meteorological Service, has been
participating in the WMO-BAPMoN
program since 1978, The atmospheric CO2

. record from Nit. Cimone represents the

longest continuous record available for the
Mediterranean area. From 1979 to 1988, the l

annual mean atmospheric CO2 concen-
tration at Mt, Cimone rose from 336,38

! ppmv to 350A7 ppmv. This represents an
,_ _iincrease of approximately .--1.4 ppmv per

year, Ciattaglia reported a trend of 1.7
_ ppmv per year for the period March

1979-June 1985. Ciattaglia et al. (1987) also
found the seasonal oscillation for this same

time period to have an amplitude of 13
ppmv. This seasonal amplitude is attrib-
utable to photosynthetic depletion from i

vegetation below the timberline at Mt. _
Cimone and to the relationship between i
CO2 concentrations and wind direction. !i

Ciattaglia et al. (1987) found a relationship
between the behavior of selected CO2 data

with prevailing winds [i.e., SW (180°-790 °)
and NE (0°-90 °) winds] and episodes of
Sahara dust transport. During winter, NE
winds continue the high COz concentrations
measured on site, while SW winds are
characterized by lower concentrations.

During summer, the situation is reversed.
During the cold season, Saharan transports
are characlerlzed by low CO2 and by small
record variability. When these episodes
occur during hot periods, CO2 concen-
trations show values above average.

TRENDS '90



Mt. Cimone
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

_:..... R I,'_I,'1¢.,I_I¢_N ( 'I ',,";Atmospheric Concentrations of Carbon Dioxide* I

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann t £ ' "
I al111t_"l_ll_"ii_ ('()2. i_It'i_',til,,'111_'_il',al

1979 344.1 344,8 341,3 341.7 337;0 334;0 329.7 326,8 328.6 334.3 336.8 337.5 336,4 / MI, t'il_,Jat' (ll:_l_,')t _'1_,, ,i I_, wi1_l tl,lt;_,
1980 340,7 340,0 342.3 342,6 338,3 335,5 330,1 328,8 331.2 335,! 339.1 340,4 337.0 ,/_.,rn,ll _!/( ,,_,/,/zv_l_*,d/,h'_,',v_ ,q

1981 .341.5 34"¢.1 342,4 342.5 339,5 335.3 330.8 330.3 333.6 3.'36.8 339,4 343.2 338.2 S_(( '?)' I _ _I _,,_,

1982 341,7 344.4 345,5 345,8 340,8 336.7 334.7 332,4 335.2 339.3 341,3 344,9 340,2 ( ('i,tl;u,,li,, I, i_,_,1(',, I i_,,_', I',,',',1,
,'\fttlt_'.,j)Jlt't i( ('()., IIIt'ilY,tllt'l',lt'rll'-, iii

1983 342.5 346,3 345,0 344,4 342,3 338.3 335,9 335.0 336.6 339.8 344.6 345.6 341.4 1\41.( i1,1_._C, /_'i___t. ,h ,'_h't_'_,r_,/, ,,via
1984 346.3 .349.4 351.3 350.5 346,4 344,4 346,7 335.1 337,8 342.3 344.9 346.8 345,2 ,,l_'_,,nr!tltt<',_ ,11'.'", _,1,

1985 349,9 348.2 350,7 345.9 341,4 337.7 336,8 339,3 344,0 :349.4 347,2 ( (!ii_ft_:li,_ I,, V ('u;_l;_ri, ;_r_,l'1', (',,h_l,ll>_,,

1986 349,4 351,4 352.3 350,7 348;4 343,0 337.2 338.5 340,9 ._.3 349.0 350.5 346.5 1','_7, I tJltll,,'_ l,_,';t*,tllt',_t'llt,, ,,I

1987 349.2 355,0 354.8 346,5 350,3 347,4 341.7 341,6 342.2 345,7 350,5 352.i 348.1 ;_(,,,, ,,f_l_'ri, ,',rl ,,,l_ _li,,,_i_h' _il
N|t.('i_,rl,,', I1_1',: I_7_ I_,_'_;, li'//t:_

1988 353.5 355.0 355,0 354.5 352,2 346.8 342.6 344.5 343.6 349.0 352.4 353.2 350,2 _,_(II ): I _ ?(),

................................................................................................................. ( r,'tl_l_l;t, i, \', :_l_,lI ( _,l,,,_tl,_, 1_)/,¢:,

*Atmospheric CO2 in parts per million by volume (ppmv). Annual averages based on monthly means. Ali numbers have been rounded tc) ,,",Iili,,,,l_l_,,i _, ,,_( I,,,,i, it,xi_l,,
the nearest tenth, lllt';l',lllt'lllt'lll',, _1 NII ( 'ill_t,ll(', II;IJV'

I_)P) I(),_';_,'!tlH(l/t,tl (i_'¢ [/vt'('r.r_(t'lit'", I!,,
,.1(1):1 _, ,'(1,

\VNI(). I'_,'-;I IG,l,_,t¢ r,/tits'
II',XI(),I'/V//'/_ _;l'tttt'¢,ttttl:t_tt
iii _[llllll('/l[';, _l_l,'lt/tll (l[Z(l{l_ _11, al!r/

lll('tl_,llt_'l?l¢ 'II/ [('( ,II/II_[II('V .li" _/ ¢1[111¢ _',/_'/l('tll

('(), t ('JHt'l)lJ,('! h_, 11 ',t'l)t"_,l... _ .

:...,..
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BACKGROUND
Principal Investigators 380-

David J, Beardsmore

Graeme L Pearman _"

CSIRO i:::1:3.
Division of Atmospheric Research ,_ 360
M0rdiaUoc, Victoria 3195, Australia

&lr sample collection -Air samples for I=:

continuous monitoring are collected from an .._Oair intake at the 70-m level of a 74-m _y, 340
Emicrowave communications tower, Flask

samples are collected periodically in 0.5-L _ ,,¢'0

glass flasks from the same air intake, r_e"' -
Measurement apparatus - Continuous
samples are analyzed at Cape Grim with nn _ 320-
in situ URAS nondispersive infared gas O
analyzer (NDIR), and flask samples are (')
analyzed at the Aspendale laboratory with

the'same type of NDIR. 300
Data selection procedures- For continuous 1 1 1 I i 1 f
sampling, baseline data musthave a wind 1955 1965 1975 1985
direction of 190"-280 °, and the individual Monthly atmospheric COz concentrations.
hourly means must be part of a sequence of
five consecutive hours of data from the

selected direction during which the CO2
:i concentrations vary by less than +0.3 ppmv, •ai_::r._::, ',,- '-_' .:....- ====================================............... _.... !_.._._::ii!:iiiiiii!:iiiii!'.'_._........

.....................................:? ...., i i i::ili i::iiiiFor flask samples, baseline data must have a ,,,;,'_:i ......i::i: -.i_.'_•

l wind direction of 190°-_0 ° and a wind speed ".................

I Calibration gases used-CO2-in.-air (since, _:| . _. ::::::::::::::::::::::::::::::::::::: :. ::_

I 2 Nov. 1982) and CO2-m-N2 (before 2 Nov. :'_y:: _ "_i_!ili!iiiiiii_!ii_!iiiii!i!!!!i_i_i_ii!!iiii_,:::i_ :i_:_!i:: .. _t
, _ii_!_!_x _:_!_!_i_i_!:/ "_ ',.':. ..!i_..'._.

!1982). I :!ii "_,_._.: .,.'7'" ''_'
:::::::::::::::::::::::::::::::::::::::::::::::::::.... '.--i::ii'::i::ii::i'!::::'::':':':i_ "_'.;::_i!?.:":':i_"

ii Scale oi'data reported-WMO 1981 l ......,_i '
i CO2-in-air calibration scale for 1976-1984 ::: ..........======================================"_

::_and WMO 1985 CO2-in-air calibration scale

i after 1984. Cape Grim ::_t.,Data availability-These data and the total Tasmania, Australia

] and selected daily data are available from the Promontory seashore
il principal investigators and CDIAC I ,40041'S, 14404I'E

i (Beardsmore ct. al 1985), 94 m above MSL:, ..... v.. ¢o,,...,v..,,., ,..,. ¢..-., .., ,.-, ....,... c,, ,., ...... ,..¢,, ,,.,, ¢. ¢...c..cc°.c,v, °, ...... .,,.¢c...
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Atmospheric COz

,TREND
The Australian Baseline Atmospheric

Observatoryat ,CapeGrimis partof the
Australiancontribution to the UNEP/WMO
BackgroundAir PollutionNetwork, lt is a
station that undertakes a comprehensive
programof observationsof the constituents
of the backgroundatmosphere for the
purposes of (1) identifyingtrends in
constituentsthat maybe of climatic
significance; (2) describing the distribution ,
of constituents both temporally and spatially
in conjunction,withother stations of the
network for the purpose of improving
undezstanding of biogeochemical cycles;
and (3) using the data in studies of large-
scale atmospheric dynamics (Beardsmore
and Pearman 1987),

The annual average "baseline"
atmospheric CO2 concentration at Cape
Grim, Tasmania, has risen from 329,97
ppmv in 1976to 346,06ppmv in 1987.
Beardsmore and Pearman (1987) found that

the mean rate of CO2concentration 1
increase over the period April 1976 to I
December 1984at Cape Grim was

1,49 ppmv per year, but they also reported a
strong interannual variability in this rate of I

:_ increase,

The seasonal cycle of atmospheric COx
concentrations _ttCape Grim is very
apparent in the baseline in situ data,
Beardsmore and Pearman (1987) found the
mean seasonal amplitude to be 0,92 ppmv.

i

i

i
i_
.,........ ,,,,,,,,,,,..,, ......... ,.,,,,,.,.,,,,.,.,..,,,,,,,,,,,.,,.,H,,,,,,,,,,,,,,,,,,,,,,.
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Alert

BACKGROUND  80-
Principal lnwstlgators

Nell B.A. Trlwtt

Kaz Higuchi "_ -
Vlctotia Hudec Ca._
Atmospheric Environment Service

t6

Downsviow, Ontario M3H 5T4 • t...
Canada ' _ . t • ..t.' __ ," , o_

c,s,wo,, ?':':" "'""" :•Marine Carbon Research Centre 340 - ,, ,_ t_ .t._ _ • •

Institute of Ocean ",clences _ ,, ,_ " • ,..,,' ' :" . "5
Sidney,_British Columbta t:: ..... '
Canada 0 _ '

Mr sample collection - Once every week a 320 -
pair of evacuated 2-L flasks are exposed (_
around noon local time by Atmospheric CD
Environment Service (AES) personnel to
obtain samples of the ambient air.

Measurement apparatus- The flasksamples _00 I ; i _ 1 ; _'

were analyzed for CO2 concentrations at the 1955 _965 _975 1985
Institute of Ocean Sciences (IOS) by using a
URAS 2T nondispersive infrared gas Monthly atmospheric COz concentrations.
analyzer (NDIR). Since 1988,AES has been
eollectlng and analyzing the data with URAS
3E and UNOR 4N NDIR, -_./,_._!_::i!i:.,

Data selection procedures- Two flask "_,i_iiii!i iiii!iii!i:!!iiiiii_ ._ '!_:,:_iilil : ili,i!iiii!ili!!!!!!_:_!:i:ii:!iili:!!i !ii!!!:::!::iiiii!::iiii!!ii!iiii::::_,,'_ ,samples are collected per daily sample, From :!i!iiiiiiiiiii!!i!

each flask, two aliquots are analyzed,The :_:_i_ii]i___iiiiiii!i!iiiii! :_ '_i_!i_.;_iii::i:::_i_iliiiiiiiiii!!il iiii!!ili_:;._,..i_flaskdata are given primary and secondary ', _!_i_!_::i_!_!_!_*,)

classifications according to criteria described _i!_i:!:., :_iiiii::!i::iii!'::ii::iiil!i _:!::_:!_iii!i_:!_:::!:!_iii!!i_!!iii_!_ii!iii_:!_,,,e'--
::::::::::!._::: ,_: ::::::::::::::::::::::::::::::::::::,_

....... _t" "'" .ifii::!iii!iiiiiiiiiii::iii!!iiiii:ii_iilili_ _iiiii_iii!i!i::i_."
:!:!:::::._ _ :_::fr '_:."_.':::;x':_ t
::i!i::ili!i:_' _._,!,¢._:_..i_ix'

:"'if:I -. _. :,._ ..:e_-
in Trivett and Higuchi (1989)i .::_::::::%:::i:i:i::i_.,":_ .................... ..,
Calibration gases used-COx-in,air.
Scale of data reported-WMO 1983scale, _:_::::::": ::_:_:_' '

Data availability-The daily "good" flask _ ii!i!i i iiiil}ii_ '"
data, along with these monthly and annual Alert
averages, have been archived and are Northwest Territories,Canada
available from CDIAC. Monthly and annual Tundra
means have also been reported byWMO 82031'N, 62018'W

i (1989), , 142m above MSL
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Atlnospherlc CO2

,, These data are fromthe Canadian
monitoringprogram, which began in 1969at
Ocean WeatherStation "P" as a joint effort
between Scripps Institution of

. Oceanography and the Institute for Ocean
Sciences at Sidney, British Columbia (sec0

.' Wong et al, 1984),The sampling site at
: Alert, Northwest Territories, was

established in 1.975by the Atmospheric
Environment Service as a result of the
Stockholm Conference in 1.974.At the same

time, a station was established on Sable t
Island off the coast of Nova Scotia. Alert Is I
located about 800 km from the North Pole
on the northern tip of Ellesmere Island,
Currently, both continuous and grab flask i
sampling programs are conducted at .Alert,

The flask data from Alert show an

"r increase in the annual atmospheric CO2
concentration from 331.,7ppmv in 1975 to
354,3 ppmv in 1989.Trlvett and Higuchl
(1.989)reported a mean annual rate of
increase, obtained from the slope of a least

i squares regression line through the annual
i averages, for Alert to be 1..49ppmv pe" year.
! For comparison, Conway et al. (1988)
' reported a 1.22 ppmv mean annual growth
_ rate at the nearest NOAA/CMDL site

(Mould Bay, Northwest Territories) for
1981..-1984.Wong et al. (1984) reported a
mean annual CO2 concentration of

338,73 ppmv for Alert in 1980.
i Atmospheric COz concentrations at Alert
! show a seasonal pattern witt, the annual

drawdown measured during the late !summer (August--Septem[ or) and the
annual maximum measurements recorded i

.

i during the early spring (April-May). i
! !
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Alert Atmospheric COz
::::'.4: :::::::::; :: : :: :: 1.':::.::::.::: :..: .:.::e...._...:. ::.:.. ;:....... :.....:..:. ..... :....... .............. . _ .¢ ........................

................................ •...v......v........a ze.......v.*.........v......o.....°..............++..%...:.:...:..... v....'.:4...:e... _..;...:..$ ..._.::: .:.:_: _ .:.... o_:.o.._. : 4+ .'..: .. :_;:_..... +...... v • '.'.'.'.'.'.'.'.'.'.:.:.'.'.v...v.....'......$ .:o._. v.....:..* o. _.l.:.l.:.l.:e.l.':lI I : :: : _ : l : :. : :_ ::::::.;'*.:I::::::14:_:::111I l_::':_.:::::l::::';:::::::'l:::$_;:1:::::.:::::1:::1:::::;_'1:::_';:1::1::... ;''.':'.+:':'.::: t : ': ; : Z: :: :;:";" ::'.: ;:;::;I;9.'.:'.'1i:'.:5:::'.;::::::;:::;:;t'.;'.:::;5:Z'.:;:'.:::::9.:'.:'.;'.:9.;::;Z;''.'::;:;;"; : ::: '.:5'.'.9. "":':"; ':;:< :':+:""'"':' :"':':' ' ':' ' ' ' ':' " """

Atmospheric Concentrations of Carbon Dioxide* '* REFERENCES

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann a Conway, T.J., P. Tans, L.S. Waterman, K.W.
Thoning, K.A, Masarie, and R,H.

1975 330.0 333.5 331..7 '! Gammon. 1988. Atmospheric carbon
1976 335.6 336.7 338.1: 338.5 329.6 323_6 331.9 332.6 338.6 333,9 '_ dioxide measurements in the remote global

1977 336.3 339.0 339,6 338,6 331.6 327.2 326,0 330.8 334.3 338,8 334.2 .2 troposphere, 1981-1984. Telhts

1978 339.7 341.6 341.2 340.7 340,2 332.8 327,2 327,6 333.5 336.1 t 40(B):81-115,

1979 339.9 342.4 341.6 343.5 340.6 334..3 329.5 334.1 336.1 338.0 ,!) Higuchi, K., and S.M, Daggupaty. 1985. ()n
variability of atmospheric CO2 at statiol,

1980 341.3 M3.3 343.6 344.5 343.6 331,4 336.6 340.5 340.6 ,6 Alert, Atmospheric Environment
1981 344.3 345.8 344.4 345.8 346.4 343.0 3."46.6 333.0 334.6 335.8 341.8 '344.7 341..4 .:l 19:2039-44,

1982 345.9 348.3 348.3 348.6 347.5 346.1 342.8 334.8 338.5 343.0 345.1 344.4 .4 K,:_mhyr,W.D., R.H. Gammon, T.B. Harris,
1983 347.3 347.5 348.4 .348,7 349.2 346.0 346.2 336.6 336,5 341.5 345.2 344,8 ,_ L.S. Waterman, T,J. Conway, W.R. Taylor,

1984 347,6 350.5 350.0 350.1 350,8 337.4 337.8 341..7 345.3 346.7 7 and K.W. Thoning. 1985. (;lobal

1985 349.1 350.3 351.7 352.4 349.9 343.6 338.0 339.8 343.8 346.8 346.5 5 atmospheric C()2 distributions and
variations from 1%8-82 N()AA/(;MCC

1986 351..1 351.5 352.9 353.1 353.5 349.4 345.9 340.9 340.1 342,6 348.1 350.3 348.3 .?, (.:(-)2tlask sample data. Journal of
1987 352.4 353.9 354.5 354.8 352.4 346.2 339.9 341.2 346;6 349.6 353,0 349.5 ' 5 Geot_hysicaI Research !_1:5567-96,
1988 352.0 355.0 356.6 357.9 356.0 346.6 351.6 354.4 358.0 354.2 ;2 Trivctt, N,B.A,, and K, Higuchi, 1989,

1989 357,3 363.1 359.7 359,3 357.4 350.0 344.9 347.4 350.9 353,2 354.3 !3 Trends and seasonal cyclc:_of atmospheric
............................................................................................................ CO2 over Alert, Sable Island, and (;ape St.

James, as analyzed by forward stepwisc
•Atmospheric CO2 in parts per million by volume (ppmv). Annual averages based on monthly means. Ali numbers have been rounded to ,_the nearest tenth, regression technique, pp. 27-.-42.IN The

Statistical 7'reatment of C()2 Data Record,v,
W.P. Elliotl, (etl.). Air Resources
Laboratory, Silvcr Spring, Maryland.

Wong, C.S., Y.tt, Chan, J.S, Page, R.D.
Bellcgay, and K.( 1. Pctl it. 198,4.Trends of
atmospheric (',()2 over Canadian WM()
background stations al ()ccan Weather
Station P, Sable Island, and Alcrl, Journal

of Geophysical Research 89:9527-39,
World Meteorological Organization. 1989,

Provisional daily atmospheric carbon
dioxide concetzlratiotts a,vtncastetz;d al

BA PMoN sites.[or the veat:r 1986 attd 1987,
WM()/q'D-No; 306. Gcnc.va.
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Cape St. James

.......................... BY ..........,,. ......................... ... .................. _...........: ACKGROUND
Principal Investigators/` ' 380-

I NeilB,A:Trivett

I KazHigucld _ -
Victoria Hudec

_ :AtmosphericEnvlronment SerVice ,_ 360-
Do_sviewi Ontario :M3H.5T4

e- _.s
o ; .:•_. :.:'.

340 . .',t.: .' . . ..

: ii:_:Institute:of: :Ocean Scie nces 1_¢ ,,.' ." '. ,"
Sidaey, British Columbia O . '
Canada O

Air:sample collection--Once every week a ,.",,I 320
pairof evacuate_ 2'L flasks are exposed O

r ' _' " ' "a ound noon :local t_me by Atmospheric ¢_
EnvironmentService (AES) personnel to
obtain samples of.the ambient air.

Measurement apparatus-The flask 300
samples wereanalyzed for COz
concentrations at the: Institute of :Ocean 1955 1965 1975 1985

Sciences (IOS)by usinga URAS 2T Mo,thly atmospheric COz concentrations.
nondispersive infrared gas analyzer (NDIR).
Since 1988, AES has been collecting and
analyzing the data with URAS 3E and

' UNOR 4N NDIRs. .................:'___ ..,_:!i_:__._!"`._.i_i..._!i.::.:.:.._:..i_!_i_::._i_.._:..._..i_!:__"_i/:.`_.*_:.:._.._._...............

Dataselection procedures-Two flask , >i__i!!:_:,_iiii:i_ '

samples are c°Uected Per daily sample' Fr°m il i" _i__ "_i!ii_i_i_ iii!iiiillliiii!iiiiiiiiiiiiiiilt_!iiiiii}ilt!iii!ilili!_i,_"

._:_:!:i:_ ".::.,:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
eachflask, two aliquots are analyzed. The ..._:'..._:_:_....:'_::::::_:_:_:;::::::::::,:.:::::::::::..::::::::::;::::::::;:::::::::::::::::

flaskdata are given p6mary and secondary ' _ ":_:_..:_:,_._,_:_.......:M::i::!::iM::!iMi_iiiiiiili::ii!_:iiiiii_ _iiii:.::_":".:_i_iii_.¢:_.. :,
:classifications according to criteria described _._.....:_._:::;:; __ii_ ,' ".'.i_.!,:_:_..i_.,_'.
in Trivettand Higuchi:(1989) :'**:*:::::::::::::::::::::::...:::::::'_i_i_i_i_:_i_i_i__ :"_::i_._;."_.::I_:_.._........ • '.:._:.:.___:.'.._ - _:_."_,_",,=_-'.:._.b,_":!:i:!:;!_:.':!ii_iiii_!i;_|', _.:r-_.C ' ;_e"_•

Calibration gases used:--CO2,in-air, _ _iiiiiiiiiiiiii::iii!_!I ...._i_i_ii_:_i_

Scale of data reported- WMO 1983 scale, _iiiii_i!ii!_:!........ _[ i_ ' __ '_

Data availability-: Monthly means:have been Cape St. James _i_ _ " "___
reported byWMO (1989),The daily ,good_' British Columbia, Canada _
flask and continuous data have been Island seashore "
archived and are available from CDIAC. :. 51°56'N, 131° 01'W

...........................................................................................................................................................................................................89 m above MSL
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Atmospheric CO2
.'..::..'::._.:_::'"::'":::.............. :....... .............. _.......... _...... _ .... 2' ' • :. .............. ::...:..,..:. ::.::............... :................. e.°,°, ,..... _.. ,,_..... ,,..........................

f!........................................................................TREN6.............................................................
;I

f " These data are from the Canadian ,

l monitoring program, which began in 1969
i at Ocean Weather Station "P" as ajoint

! effort between Scripps Institution oft Oceanography and:the Institute for Ocean
I Sciences at Sidney, British Columbia (see

fWong et al. 1984). Following the Stockholm
t Conference in 1974, the Atmospheric
I Environment Service (AES) established two

stations at Sable Island, Nova Scotia, and

Alert, Northwest Territories. The sampling
site at Cape St. Jameson Queen Charlotte
Islands was established in 1978 as a

i replacement for Ocean Station "P," which
_:_was taken out of service in 1982,

:: The flask data from Cape St. James show
i_an increase in the annual atmospheric CO2

concentration from 335.2 ppmv in 1979 to

T I 353.4 ppmv in 1989. However, the_ ammal
estimates are derived from monthly means,

i which for some years are few in number
and are based on few flask samples. For

i Cape St. James, Trivett and Higuchi (1989)
ii reported a mean aimual rate of increase,
!i obtained from the slope of a least squares

::iregression llne through the annual averages,
ii to be 1.43 ppmv per year. For comparison,
t Conway et al. (1988) reported a 1.22-ppmv

I mean annual growth rate at ali NOAA/

I MDL flask sites for 1981-1984. Wonget al. (1984)reported a mean annual

i increase of 1.4 ppmv based on data for

i 1975-1981 from Ocean Station "P," Sable
ii Island, and Alert.

:i ii
:_

il
::
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Garmisch-Partenkirchen

BACKGROUND 380 -

Principal Investigators ..
Reinhold Reiter _ - " .."

Rudolf Sladkovic " $, eo •

Hl. Kahter _ "
K. Munzert ,_ 360- "'_._....'__°

. . "..' ..:_.Fraunhofer,lnstltute for Atmospheric _ . . ...,' ...¢..

Research O '_''_'_d "._'lt-. : "

Kreuzeekbahnstrasse 19 '_ 3
oo •

D-1800 Garmisch-Partenkirchen 40 .",9
F,R.G. _ ¢.

O .,
Air sample collection-Air samples are t--
collected continuously, and water vapor is O
removed by chemical filters. Details about 320
the measurement methodology and O
calibrations are given in Reiter et al, (1986). O

Measurement apparatus- The air samples
from the Garmisch-Partenkirchen station

are analyzed for CO2 concentrations with a 300 _ _ l " i i ..... i ' I ' u /
Siemens ULTRAMAT-3 semiautomatic

nondispersive infrared gas analyzer. 1955 1965 1975 1985
Data selection procedures-Values are Monthly atmosplneric COz concentrations.
rejected only when thc instruments
malfunction or when data are considered by

the principal investigators to be technically
_:._._:::::.•"'-._'_ .... '_'"':': _ ,.' ._,'.z .,.,,..,_"'__, z._ .............. _.',.' ....invalid ...... :_:_,_,_::::::....._..:_..,._r__ .:_.::../:_i_ ......... _,..:: :.:_.._..:._ ....................

Calibration gases used - CO2-in-Nx. .. _._iili! iiii?:ii_iil....,....iiii,:.iiiiii_":::::"'.........:?..q._ii_i!i!!_:.,.,"_ "_,._:_:i_:'....._:i:_o_iii !i_ii_*i:i:_"::i:_:!:i!..',i,!z_:!,!:_:_,i:!:_:i:_:i:_;.:__i_g,i!i.:,:!!_i!i!iii_iiiiiiii_!i_i_ii!_._
:::_:::: , !_ ...)_-_.._:_, ........ :_:::._::_i:_!__ _!!_._

: ii _ii:::i: i::; ::_:i::"_, _::i::i: :::i:!: !:!:_:_:i_j_!!:_:i:_::.:_:i:::::::i:._k_,':
' Scale of data reported-WMO 1974 Scale. ..i_i:::................._:!"$ .._:_,r_,_::::::_:i:!:!,:::_:i::_,i:_:::_._!,_:i:i:_,i::i:_:i.,.:i:!..,..'_:_

Data availability-In addition to being ., :_ii!ii!i_t _._:_i!iiiiiiiiiiii::iiii!::!i_ililil:_i!iii_iiii_iiiiii!iiiiii_!),:,
• ' ":":_..::_, _ .................... :':':':":':" ":':" ':':' _'2:':':::..<' ...::: .... _"

,_:._...,. :::::::::::::::::::::::::::::::::::::::::::_:_._ ',_:!_...,_:_:_::._.:'.. ,,available from the principal investigators, _::*" "_" :..............................::::::":"...... :_:":_..... ::.....
'_,_.__i!!_ '_i_i_ii::!i_?:!!_ii_::!::ii!!_iii__' "_t_,._:.U# .',_..

the.monthly and annual C02 measurements .:_i_!_ _'_ i_i_!_! " _..:_.::_i:_,,._..":::::::::::::............................._........................._ '_"_"!_ti_",7;t_i::::..,::

provided to and reported by WMO. The ilii!iiiii_;: !.:i_iiii::!:i:i_::data from Garmiseh-Partenkirchen, Wank Garmisch-Partenkirchen

Peak, and Zugspitze are archived and Federal Republic of Germany "_ ,._'
available from CDIAC. Grassland valley

:_ 47° 28'N, 11° 03'E
• 740 m above MSL

:I...... ,.,.,,,...,, .... ,,,,,,.,,,.,.,, ,,,,,.,,...,,,,,,,,,,°,,,,, .... ,,,,,..,°,.,,,,.,.,,,.,.,.,
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Atmospheric C02
_",I_:::,,:::_:::: : : ;: _: :_::::::::::::::::::::::,_,:_:_:1:_:::_::_, _° .. l _::_:':_: ..... : ::__:_: __, :::'.:: _:_::__:::_'q:_:_:_:::::__:_:_::_:,,._:_:_:_:_:_:._._',::_:::_:_;_:_:f,,.:::::::_:',_:_:_._',__ l_: : I

! These data are fromthe Federal Republic
] of Germanymonitoring program,The
iI monitoringsite outside Garmisch-

Partenkirchen is complemented by the
Wank Peak and Zugspitze monitoring
stations. Collectively, these three
neighboring mountainstationsprovide
reliable continuous CO2measurements
fromthree elevations, The medium-
elevation station (WankPeak) is a
WMO-BAPMoN stationwith an extended
program.

Because of local vegetationinfluences,
the COz concentrations at Garmisch-
Partenkirchen are higher and show greater
seasonal amplitudes than the concentrations
measured at Wank Peak or Zugspitze.
Annual atmospheric CO2concentrations

f have risen at Garmisch-Partenkirchen from
337,0 ppmv in 1978to 367,5 ppmv in 1987,
Reiter et al. (1986) reported a mean value of
353 ppmv in 1985compared to an initial
value of 337 ppmv in 1978. Reiter et al.
(1986) reported that the steepest increase of

:, CO2 occurred in the valley from 1978to
_:1980but that the increase has since slowed,

i

il.....................................................................................................................................

7'RENDS '90





WankPeak

BACKGROUND aa0-
Principal Investigators

Reinhold Reiter "__
Rudolf Sladkovic E
Hl, Kahter ta" 860
K.Munzert'
Fraunhofer-Instituto for Atmospheric o_

Research O . . :.

Kreuzeckbahnstrasse 19 '_ _ .". ".
D-1800Garmtseh:Partenklrchen 1_ 840- .. :".#o o

8 .',.' .:
Mr sample collection-Air samples are t-- ". ' • _ ':
collected continuously, and water vapor is t_
removed by chemical filters, Details about "_ 320 -
the measurement mt_thodology and C)

calibrations are given in Reiter et al, (1986), C_)

Measurement apparatus-The air samples

from th_ Wank station are analyzed for CO2 300 _= 1'concentrations by using aSiemens .... 1 '" _ ' ' _ ' _ _ _ -
ULTRAMAT-3 semiautomatic 1955 1965 1975 1985

nondispersive infrared gas analyzer, Monthly atmospheric CO_ concentrations.
Data selection procedures-Values are

rejected only when the instruments
malfunction or when data are considered by

. , (2._:.:+:::..,'::,

the principal investigators to be technically ':_::_i_i:i_!_i_i_i!_:i_,::_ _, . :::._:_..;_i!_!::ii::!::_._::_.'.:,.:......invalid. _:*".......::_!!_......
!i_iiiii!::.':'!!_ii:::_:_ "3':t'_":ii!i_:: ::!iiiiiiiiii!ii!i!ii i::!!!!ili_:_iii_..'_

Calibration gases used -, COz-in-N2, ::::?:iii:!i!!i_ _::_i_ii _ :::: ::il :: iiii!ii_!_:!..............._ .... _:._¢'_.i_:_i::iii_!::ii._:
Scale of data reported-WMO 1974 Scale. , 'ii!ii_i::ili::ii!_i(._ _?.:!i!;iiiiiiii::_i!ii:_:::::..!,::::::::::!:_:i:!..i:i.:_!i;_iii!:iii_iiiiiiiiiii:i:i::ii!::!........._i_'"_".....i!iiiiiiiii!!i!.":_

Data availability-In addition to being -,_._;_---. :::................................_.:::.:.:,..,..........,, ....::::.::_,::iii!i!i::_:_

available from the principal mvestigators, .:..:........ .,,, .

the monthly and annual CO2 measurements liiiiiil_ ..iiii__ ,:::_:_.._._.__ _:._

from Wank Peak and Zugspitze have been "'_a _,"'_: "_

__ ::!:!i!!ii!i:!:!:!:i:!ii!!ii!:,:iiii,"_,,

provlded to and reported by WMO. The _i_i_i_,', __monthly and annual concentrations from Wank Peak ' '

Garmisch-Partenkirchcn, Wank Peak, and Federal Republic of Germany "_ "_::_
Zugspitze are archived and available from Mountain peak

ii CDIAC, 47°30'N, 11° 08'E
' 1776 m above MSL

J
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TREND
Thest_data are,from the Fede,ral Rt_publte

of Germany monitoringprogram, The
monitoringsite at Wank Pe,ak is a WMO-
BAPMoN stationat which numerous
atmosphericmeasurements, IncludingCO2
concontrations, ar_ collected, This station is
complementt_dby the nearby Garmlsch-
Partenkirche,nand Zugspitz_ monitoring
stations, The Wank Peak Mountain
Observatoryis located just abow tht_
timb_rlin_but surroundedby closed fiat
grass cowr andisolated low alpin_ pin_s,
Collectively, these thr_e,neighboring
mountainstations provide reliable
continuousCO2 measurements fromthree
elevations,

Unlike the monitoringsite at Garmisch-
Partenkirchen,which is subject to

Y considerable local vegetation influences, the
CO2 measurementsobtained at Wank Peak
are not considered to be frequently
influenced by vegetation or tourism,Reiter
et al. (1986) reported a slight increase in the
mean annualvalue from331 ppmy in 1978to
339 ppmv in 1984, qeiter et al, (1986) also
reported the mem_annual amplitudeto be
greater at WankPeak than at Zugspitze.

i
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Wank Peak At

Atmospheric Concentrations of Carbon Dioxide* R I,,I, I,',R I,i,N( I,;N

Year ,[an Feb Mat' Apt May Jun Jul AIIg Sept ()ct Nov Dec Ann R I_,t,ilt:_, R,, au_l I1,,I, b_lllit'r, I_)_'_l),['_il_,lrt'.,,tlll._,_d'_,il_ltlll_li_t'_tl_,t t't'__rtlill_", _,1 IIw

1982_ 338,8 339.1 345.2 347.8 338,6 332.9 330,9 327.3 329,1 333.9 337.0 337,8 336,5 t '( ):!..t't,ttCt'.tllt'lllit,lt lit,tri ii _,'itllt'_,'_dalit,II

1983 33'7,3 .'t44,8 342.4 341.1 338,1 333,5 332,0 329,6 331,6 336,0 339.0 340,5 337,2 _tt_lu _wi!,hl,_,ritttrt_ll,ttt_tlti,t:,t,tti_,lt_ttatlt
1984 342,0 348,7 348,1 _7,3 339.8 333.5 . 331.0 329.2 331,8 335,2 339.6 342,8 339.1 itltitu_h'dill't'lt'ttl'ct,l ,tl,_tllI ktl_.,'lt_'ttl_
1985 .'345,6 .343,6 M6,9 342,0 337,6 333,1 329,5 327,4 328,9 335,0 345,2 339,2 337,8 /i_'r Alul_'_.'_d_t,_i_', I,'_'_,l_/Ivsi/_, tttl,l

1986 342,1 349,8 343,8 .340,6 332,6 329,4 324,8 327,0 328,6 332,5 335,5 338,2 335,4 lli_,/&._.toh,_'i_' 78:1 I _,
r I'_t'ilt.'r, I_., ill_tl I I.,I, t",illllt'l', I_'_';i',. I'i_tw

.........._.,............................................................................,..... I,chavit_r t_l'('( )! all_l()_il_ tilt, It,Wul

*AtmosphericCO2in partsper millionbyvolume(ppmv),Annualaveragesbasedon monthlymeans,Ali numbershavebeen roundedto ; tt_,l_t_,l_ht.'rt, I,i_.cd_,,I _t't'_,l'tlil_!9 Ir_,t;t
the nearest tenth, ,wi_,,l_l,t_ti_r, tl_tll_liti_l sdalit_tt_, I_t'twcctl ./

at_d _,,ll kin/\_1, i_cltl_liltt, tltc t,flt,clr, t,I

llll'lt't_l t_lt_.',it'_ll I_tl'illl_UIt'l_,, ,,ll_']ltl']il_'r

Al_'t¢'_,'_&,l'_h' ( ,'¢'_,l,/tv,vik, wt_l

I_i_,/</ttt_at¢,/__t_t'_' ._,(): I_ I ,! ? g,

R Rr'itr'r, I,',., I,',..Nlt_tl/t'_l, aral I1.,1, b',,It_lt.:t,

_Stl q _'_'_lt' t't'__r_li_ll,(_ (tt (),7/'1,S/ ¢,l) ]</II ,,lt'/

; Wl'{/I ('l _/l_ll/i't'(llil _/I I q 111_' Itl_ _'([ I111/_ )t'(lltl[

,; blt',. (_.l/, 'l'l"( ( IN1,.\(. ¢ ;cl',t",'at, >;',,,ii/'tllalltl,

r l,_t,i l t:r, l_,,, I_..kl,lllk_,vit alltl I1..t. I'_alllt"

) It:wt'.t IIt,ln_!,l_l_t_', }';l_l I' [",tr I,t,I_ _lit,xitlt'.

\'V_,t'hl M<'lcl_t_,lt,.' ,'al(.lh!,t_i.',tlit,ll. 'l_>'?i

! Hil_._'l_lt' {l)lll'¢'tl[l_lgil _tl _ II'; ltll'll,'fllll'l/ 11[
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i BACKGROUND

i Principal investigators '
380

Reinhold Reiter

Rudolf Sladkovic ' "_"E
. Hd. Kanter O_

K. Munzerf c3 360

! ,Fraunh°fer'Institute for Atmospheric co

i 'Research ' IZ

i Kreuzeckbahnstrasse 19 .--0 _. _ _ :: D-1800 Garmisch-Partenkirchen _ T: .,., 340- . ,.. "'".
F.R.G. r" " "_ oQ el

Mr sample c011ection-Air ,samples are O _ .
collected continuously, and water vapor is t--
removed by chemical filters. Greater details (,3
about the measurement methodology and ea 320
calibrations are given in Reiter et al. (1986), 0O
Measurement alp,paratus -- The air samples
from the Wank station are analyzed for CO2

concer_trations with a Siemens i 300 -
ULTRAMAT-3 semiautomatic _ w _ 1 l 1 1 I J

nondispersive inf_:,ic._' gas analyzer. : 1955 1965 1975 1985
Data selection procedures- Values are _ Monthly atmospheric C()2 concentrations.

rejected only when the'instruments
malfunction or when data are considered by i

the principal investigatorsto be technically .:,.._, .........::::_...... .....
'_:"_":'_"'_'_': ::::::'_ ...-....,....._............. _ .invalid. .:::i_:_iiiiiii::!__i_:_ _, .:...._,..i_i_iiiiii_ii!i::_ii.:i_:_i_::_::_::_..':_

...."_'_:'_!iii!iiiii_iiiii_!'_:_,iii_i_ . :_,::_iii::iiiiiiiii!iiiiiiiiii;;i;;;;_;_J_;J___i:_
...............::::::::::" _':'*":_......................._..............iiiiiiii!i_i_T_ili:iiii!iiiiiiiii!!iiiii!ii.:i!.:i::i!i: .....ii! ._ iiiiiiii_i!i!iiiii3!iiiii!iiii!iii!ii!!_!_!i:!!!i

i Calibration gases used-CO2-in-N2. ::::::::::::::::::::: _)_ _?-_!_"_
_ !iiiii!ii!::i::iii::iiiiiii!::!iii!i!....._::_......Scale of data reported WMO 1974 Scale.

, :_,i_iii!it'-!_, _.::::!i::iiiiiiiiii:_i_!_i_!_::iiii_::::ii::ili::ii::iiiiiiiiiiiiiiiiii!i_:..,:t-
Data availability-In addition to being .:::_..::.,-;,. •...............................x:......'.._..:_..............................._:,_:: _.. - ._'- .. i::::::::::::::::::::::::::::::::iN::::::ii!i__t::::!?_i::i:i:i:i:

'_._ :_ . ; :::::::::::::::::::::::::::::::::::::: ;::::.. :.:.:..•

available from the principal investigators, .,_:::_::::.,. .:::_iii_:_:_:_:!.:!:i:!:i............_ .::.;f .,:_ _ ._. :,
:::::::::::::::::::::::":'_:::::iL.::iiiiiii:iiiiiiiii!i!i_iiiiii!iiiii_:;if'_ '.__.( ,:._ ,

i monthly and annualthe monthlyand annual CO2measurementSconcentrationsfrom :::!iiiil_ "_::::iiiii!i_ ' !:_....._:'__

from Wank Peak and Zugspitze have been -,,,_._._.:,._.-,._
..:.:.:.i.i._:.!._ "

provided to and reported by WMO. The .:i:i_ii:!:_:_:_:_:..'..i:_:_:_:i:_:i::'.,,

Zugspitze :!ii!!_ " ' __' :'
i Garmisch-Partenki_chen, Wank P_al(, and • ._ ._
i Zugspitze are, archived and available from Federal Republic of Gemlany "_,__

CDIAC. Mountait 2oak
47° 25'N, 10° 59'E

• 2962 m abo_,.eMSL
................................................................. , ...... , .............................. .
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Atmospheric COz
_;_:_:1_;_._;_J_._;_._._:::::::::::::::::::::_;_;_;_;_._.._:_;._;_:_._¥_.

Thr .e data are from the Federal Republic

of Germany mcnitoring programi The

monitoring station at Zugspitze is
complemented by the nearby Garmisch-
Partenkirchen and Wank Peak monitoring
stations. The station at Zugspitze is located
above the timberline and approximately
250 m below the main peak of Zugspitze. A

balcony, dosed to ali sides, on a very steep
rock wall is used for the COs recordings.

Collectively, these three neighboring
mountaha stations provide reliable
continuous CO2 measurements from three

,

elevations.

Unlike the monitoring sites at Garmisch-
Partenkirchen and Wank Peak, which are

subject to local influences (e.g., vegetation,
automobile exhaust, and tourism), the COz

•r measurements obtained at Zugspitze are
considered to be free of regional

contamination. Annual atmospheric CO2
concentrations have risen at Zugspitze from

3.34.0 ppmv in 1.982to 340.0 ppmv in 1986.
Reiter et al. (1.986) reported that the annual
mean value of the CO2 concentration

increases slowly in uneven annual steps and
that the 10-day mean values vary greatly.
Reiter et al. (1986) also reported that the
maximum values at Zugspitze are recorded

in April, while the minimum values are
recorded between July and August.

" 'W_' ....... I1r'r
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Zu "tzc
, ' ::::;:, :::.::,;., : : ::::::::::::: ::::::::: , ;,:::.:...::..,.: :.: ::::.:,, :,.,: : .;:.::

, ,., ...............................................................................

Atmospheric Concentrations of carbon Dioxide* R E FI!] R EN C ES
Rc, ilc_r, R., and li.J. Kanler. I!,_S().l"ir';d

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann r_:.;_ults¢_tsimullanct_u,_, rt'.c_wdin_,_ of lhc

1982 335,3 336,6 .: 339'0 _335,8 : L:330:0 330'7 1327'6 329'4 331.6 338'5 339'1 334.0 (.:()2-cCmcc, ntrali,m trt,m a vallc.v _tati_,u

1983 '::338,8 : 341.9: 340.9 . 341.8 339.1 : 336,7 333,3 330.7 333.8 3.36.7' 336.5 340.0 337.5 aud a t_t:ighl,t'ri_L_.',mt,t_nlainsl.atit,nal an
• , , : " , , .

1984/ 1342,1 34215 345.3 347,0 341.7: 3345 333.4 334,3 335.5 338.0 341.1 343,5 339,9 altitudt_ diffcrt'nc¢:. _,l'at,¢,ut Ikm .Ire'hiv
.... Jilcr A.h'te¢_rcd_gie, (,;eC,ldlymk, und

1985 346.3 342.7 345.6 ,342.5 340.5 336.3 332.7 331.5 332,2 336.4 342.8 340.8 339.9 l_i_,klimat_,,h_,t:ie :.',_ I_ 13.

1986 344.0 347.2 344.4 345.3 341.3 338,4 333.9 326.4 333.7 339.7 342.2 344.2 340.0 Rtriltrr, R., ;tl_t.II i.,I. Kalllt'r, It_g2. 'l'itnt',
Iwhavi_r c_l'('():. and ()'_ in tlw Ic_wcr

*Atmospheric CO2 in parts per million by volume (ppmv). Annual averages based on monthly means. Ali numbers have been rounded to tt.t,l_t>,_,l,hcl.t:I,a,,.t,,d _,n t't.'L'tH'tli(ll2, '_,I'r_m
the nearest tenth, nt:ighl_riug/llt_tlllti.tiJI hl [ltit'_ll!_ twt\',/t't:_ ()./

and 3.1) kill A,';I, int'luding th_: t't'lt'.cl:-,_t

tutrttrt_tdt,_._,i<'al p_tlatlWlt'l.'-,..,trHtivJitcr
/_[<'ti'c_r':d:,t:t('(/<':,{dl_'_t/_,++:1_1

I¢i¢,klit_tat¢,l¢)_'i,',,......_1):II)l '!?,
t_._'ilct, R., K, M_n.,t'_, a_d It..I. F,'.',t_lt'r.

I ()g_, / '_ll'tlttlt'f_'tl:Hllt ql ¢!1' tilt' I'tll'l'_l[l'( _tl ¢;/"

_tt q v_'ar rt'_'_,rdttt:;_ ttr (I _'1 ,S' _1_ht_ ,,1),'l

Wtfit ('t,ql _,ltl_.'t_llt_ ,tl ¢)/ [11¢' :,!t_',{ t/tt[_ _f'[Htll

Nl_'ll.'*_l't_ _t'i_,il (:lli',;llli:';lli t_II, ,"'lWt'i:tl

]_),'K(_. ('_lH't'llllilli'._ll 1,i li,tr t' I.',l *-,t", III lilt.'

A/_'tc_,r,d_,t:va/l,l ..!:/_l,_,,/,hc:t_ l'hv._i,

\V_rlt_ Nlt'lt',_,l, fit', I( _!.,,:_i,';_li_t_. I_'_

I'/'_ _l'lSl¢ _ll(l/ tt_ll['_ L,l_,_lt )_/,llt'tt( _ _lt'/,'_,h'l

tltt'L'tclt' I'_/t_ _'/l(l,'[it'/1 _ _1'; t/l_'tl.',lt/_'tl _1{

l
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Measurementapparatus-Airsamplesare r-, - .: :

i analyzed for 602 concentrations by using a O
! Hartmann & Braun URAS 2T nondispersive fO 340- " ;"

i infrared gas analyzer. (_

Data selection procedures-After digitizing, (.) ."
the data are reduced to half-hour means

ii from which the monthly averages are
ii calculated. Since the data at Osnabri.ick are 320

:i collected for vegetative response research, 1955 1965 1975 1985i the data selection procedures are not as

sophisticated as those at sites monitoring for Monthly atmospheric COz concentrations.
climate analysis purposes.
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Atmospheric C02

TREND _!i

The C02 monitoring conducted at I
Osnabriick is not part of the WMO !i /
BAPMoN network. The monitoring at 'i /
Osnabriick is conducted for research _ /

I ! t,

, examining the vegetative response to i /
elevated levels of CO2, The monitoringof
ambient air CO2 concentration levels

provides the control data for long-term field
i experiments about the effects of tropo- !

spheric C02 enrichment on single plants,
grassland model-ecosystems, and other !

vegetation types. Because these measure- i
ments are subject to local sources of' i

contamination and because Of the purpose i
for which they are collected, these
measurements are not indicative of the

i

background air conditk)ns near Osnabrfick.

Despite the seasonal variability shown by :
these data, these measurement s supi_rt the
rising trend of atmospheric C02 concen-
trations seen at other regional sites.
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Osnabrii" ck Ai,,,(,,,4pl,e,'ic ('()2

Atmospheric Concentrations of Carbon Dioxide* i+ l/I!; I:E R E N (:IIS
()vcrtlit:uk, I). 117_(._.I.t_llE-tutlH t'[l'ucl_ t_[ ;t1_

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann iilc'rua._t.cl ('()? t'tilit't'lill'_llit,II t'lll It'lrt!klrl_il

1984 352 342 354 362 '357 llllilll._ iii lil,,(h'l u_'t)!.,vqrlll_,. NI_, I-,tl_)h,t'.y

1985 379 345 349 346 332 357 353 337 350 348 341 and rul)rt)tluulitifl t,l I'r(/},hum rt'l,+'n._ I.

1986 333 '344 363 359 358 354 353 344 356 367 374 364 356 ;_1 1 +,lttt_/,_':('_tl+' I. [,_h'r, lati+malJ+,t_rmd

1987 376 365 359 371 365 364 353 352 360 373 378 397 '.Y58 ()vt'vtlit't'l,, I),, _ _<11). [_,_,u_t'_w,,,'t. 1'_,_'>,

1988 385 371 375 382 374 371. 370 350 351 348 356 358 366 I t)i!, lt'rill t'llt'_'l!, t,l'('(), t'_lit IIl_lt'ld _,_1

1989 354 364 ('()2 t'.t_ t'_:t'll,lli!'.t' td' ;t I_lt_lt'J t't',_,V,M_'tll,

+.ltl.t'ch'attdt+' /¢<,t,t_ttk V_ I ,,'_+_S
.................................................................'_ ()vcrtlit', k., li,, ,__tJ NJ ] t,l_,l_t'Ult'_. I'_,_]

*Atmospheric CO2 in parts per million by volume (ppmv), Annual averages based on available monthly means. I,tl_t,,/t, ,' tgt._:1: t. i_w., t. ih,,l_lt'll
('()' ,\lil.':.'J,_dt '`,, J'_t I J,_,d_'J + +.

_,_"++".,t'rl .t'Jl'.:, ttil't'J+', ++t__l++, }; lll+l_

l+':tz+,tt +//t+:zt',':t+,,',+ q,'/],, ft,It( /,1<',

(.h'l.+'l<"[3,' ¢<,t_'l_,'t_ I_, t'); 'I_¢,
.. ()v('r_li_',.I.:,l, ,it_,tl },'t_l_l_+, +'+";<, I'lf_',l

J'_t'lt'tltll,lJ I\: _'1,1 .. (/ _'_'dlit'r/h'f['Pt't+' J ') .Itl_J

\_t_11¢'_l_,',_'t (/ ,+/,,htz,,+ :,'/,, ,1_/ !

()+', <,/+,l'/_ ['.:,,"tl,.'::+' ? '! h_? ;. ' _a,

lWVt'++__l._lt,,._'+'l.+. ._i+,+,,.11+I', I.,'.,.

(),'t_q'{q'l_, + /'+'t;_tl_l,,,',, + '! Ii !,t ' ''

()_t'l,l_t',L, I' I.':_,1, ,1_<tI; I' ',il._ll_

Itlltllt' ( ( )' t ++llt : t+ll,ttl, +I. _+lt i'l,,_,ktJl _Jl',

Ill,lll_,'l l",,ttll'_ ti,,l+ ,tlltl I!l, ( ..... I_ ],_1!,,1_ JltJ'

iw l_l._+_t'.,_t l,,v, _l_, _t _l,l;l', I _..,:i,,+
ltlll'lll(ll/tllH (1 _',t,J".',l}, +?"+i+._'}_",t}t_+ +

<'_,,ll/t'tt(lt_ ( ( )J,,I ,_) ,ill,J /,',+':',P'I,IIII+s ",,l//_,'l,' ,

,,
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Introduction

[

Atmospheric COz is produced both from natural sources and human activities. Of

human activities, the most important source of COz is the release of carbon during the

burning of fossil fuels. Since the Industrial Revolution, CO2 emissions from fossil fuel

consumption have. risen dramatically (see figure), In 1988, ..-.5,9gigatons of carbon was
4

I 4emttted to the atmosphere as a result of fossil fuel burning, cement manufacturing, and gas

flaring, These emission estimates, although small in comparison with the amounts Of carbon :i

stored in the oceans and terrestrial biosphere, represent a significant component of global

carbon cycling and the greenhouse effect and, more important, quantify the largest human :_
:I

contribution to the global carbon budget. :_
I, ,i

Keeling (1973) was the first to estabhsh a systematic method for estimating the amount of

i COz emitted from fossil fuel consumption, He used eit;;rgy data from the U.N. Department of ii
t International Economic and Social Affairs. Since 1973, both the energy data collection and !

the procedures for estimating C()2 emissions have been refined and improved (Marland and .

Rotty 1984; Marland et al. 1989; United Nations 1989).

The following Section presents Keeling's 1860--1953 emission estimates along with

more-recent global and national annual emission estimates calculated by Marland and Boden,

These more recent estimates cover the period 195(_1988 and were calculated by using the

methods of Marland and Rotty (1984), The data used for the calculations wer_ energy and

population statistics from the U.N., cement manufacturing data from the U,S. Bureau of

Mines, and gas flaring data from the LI.N, and the U.S. Department of Energy,

i:: For emphasis and brevity, national estimates are provided only for the 20 highest emitting
_ i countries in 1988. The data arc presented in descending order, with the highest emitting

i country, lhc United States, presented first. These 20 countries contributed .--81.6% of ali the.
1_88 world emissions from fossil fuel consumption. The top three countries, the United- i

: States, Soviet Union, and People's Republic of China, were responsible for over half (51.0%)

i of the world emissions from fossil fuel burning in 1988. Spain, the twentieth highest emitting

nation, contributed slightly less than 1% to this total.

i _.''.`e_..'........'...'....._.'.._....`_¢.''.,_..._.'._......¢.`'.._..`.'`_.'`a_.'_¢'.'_..¢.`......_...._.`'..._.......'...__....'.__'._....,

:: ,
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Global

BACKGROUND 200o-, Coal .........

Principal Investigator Crude011 .....
Ct_arlesD, Keeling NaturalGas .....
Scripps Institution of Oceanography 1600 Lignite ......Cement

, University of California C.) Total .......
La Jolla, California 92093,U.S,A. co

C=

Sponsoring agency ' _ 1200-
National Science Foundation 0

Period of record- 1860-1953,

Method-Global CO2 emission estimates 800
from industrial sourc_;swere calculated by

using energy st_Itisticsand fuel production .O

• data published by the United Nations (1955;
1951-1969),The energy data were compiled 400 -
from U.N. questionnaires supplemented by
official national statistical publications. U,S,

° Bureau of Mines data (Minerals Year Book
1949"1_J9)were used to estimate C_)2 0 _'- -- '-- --
emitted during cement production. ..... _ ..... _' -...._-----

Data availability- These data wcrt 1860 1880 1'.
published by Keeling (1973) and at,: Annual C()z emissions from fossil
documented anti available in machitac-

_readable form from CDIAC, Upd;ttcs to the

global estimates, along with national
estimates, arc available from CDIAC.,The 1,0 -
U.N. energy statistics (lt_50-1t_88)arc

i available on magnetic tape from the U,N. 0,8 -
Energy Statistics Unit. The cement and gas 0 t-

,,,_. c 0,6 _-flaring data arc,availablefrom the U '"
Bureau of Mines and the U.S. Department oi t-.0-m13..
Energy, respectively, o'rr. $ 0,4

0.2-

e

0.0 --1 , r-----r---
1860 '1880
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TREND
' 'l'he_te global carbon erntsslon estimates

' compiled by Keeling (1973) represent the
first fully documented emission estimates
from cement production and world industry
fossil fuel consumption and the only fully
documented estimates that extend back to
the rnid,,1800s, More-recent estimates have

r_ been made by Marland and Rotty (1984),
,t• lm

- • ., , , ,e gotty (1987), and Marland ut al, (198!}), ,
^ AA] ..:: V ,,..,'+ ', ,; " This series of omiaslon estimates shows an

tor,..,.,. ,,_,: -, ,, tncrease front 93,3 million tons of carbon in

F'**" " : _' "'+ 18(_) to :1808million tons of carbon in 1953,
,' Keeling (1.973) estimated that the cumula-

2'*' t" tire increase in carbon in the short-term

/./ carbon cycle, resulting from man's industrial

,......i...,,/,/ and domestic activities up to 1970, was1,12 +_.0,14 × 71.017g of carbon
_" _""*' " - "A_...- / (4,l :t: 0,5 × 1017g of CO2), or about 18%

, 1 _ .... 1 ' " f" of the amount of CO2 in the atmosphere

J0 1920 1940 1960 during the late nineteenth century,

uei burning and cement pr<_ducth,,I,

=
i ¸ i

i

• i

• Basod on r)opulallor_o,,;dimntt_,q

from Lhfiled Ntdior_ (195P,)

i " _ ..... I i i F

900 1920 1940 1960
. ,_ ............... ..,,.,..,....+.......,,,......+,..............,,,.,,....,,.,.+

qon estimates, 1860-1953.
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Global

Crude NahtrtP, Ce.ten!

Year Coal i,l14.11e peiroh, um Im._ productlowP 'i'oml
18601 912; 1,7 0,1 0,0 NA 93,3
1861 96,7 1.8 0.2 0,0 NA 98,7
1862 96,1 2,0 0,3 0,0 NA 98,4
1863 103,5 2,1 0,3 0,0 NA 106,0
1864 112,5 2,4 0,2 0,0 NA 115,1
1865 119,0 2,6 0,3 0,0 NA 121,9

1866 125,7, 2,6 0,4 0,0 NA 128,7
1867 134,7 2,8 ' 0,4 0,0 NA , 137,9
1868 133,3 3,0 0,4 0,0 NA 1.36,7
1869 138,1 3,2 0,5 0,0 NA 141,8
1870 141,0 3,,1 0,6 0,0 NA 145,0
1871 157,4 3,9 0,6 0,0 NA 161,9
1872 170,9 4,3 0,7 0,0 NA 175,9

1873 182.5 4,8 1,2 0,0 NA 188,4
1874 177,3 5,3 1,2 0,0 NA 183,8

1875 182,8 5,3 1,1 0,0 NA 189,2
1876 184,9 5,5 1,2 0,0 NA 191.6

1877 188,8 5,5 1.7 0,0 NA 196,0
1878 188,9 5,7 1,9 0,0 NA 196,5

1879 199,1 6,0 2,5 0,0 NA 207,6
1880 217,5 6,4 3,2 0,0 NA 227,1
1881 2M,0 6,8 3,4 0,2 NA 244,4
1882 251,3 7,1 3,8 0,3 NA 262,5

1883 268,8 7,6 3,2 0,,1 NA 280,0
1884 269,9 7,8 3,8 0,6 NA ?82,1
188,5 263,8 8,0 3,8 0,8 NA 27¢,,4
1886 264,4 8,3 5.(1 1,0 NA 278,7
1887 282,8 8,6 5,0 1,3 NA 297,7
1888 305,8 9,2 5,5 1,5 NA 321,9

1889 310,5 9,8 6,5 1,7 NA 328,5
1890 328,9 10.8 8, I 2,0 NA M9,7
1891 M2.2 11,5 9,6 2,0 NA _.':; .4
1892 M55 11,7 9,4 2,1 NA 3(x8.7

1893 337,6 12,2 9,7 2,2 NA M,I,6

1894 352,9 12,5 %,1 2,3 NA 377,1
1895 371,? 13,6 10.9 2,4 NA 398,6
1896 382,4 14,5 12.1 2,7 NA 411,6

1897 400.0 15,7 12,8 3,0 NA 431,5
1898 421.5 16,7 13.2 3.2 NA 454,6
1899 4t_2.2 17,7 13,8 3.5 NA 497,3
1990 485.6 19,8 15,8 3.7 NA 52.1.9

1901 497,2 21,3 17,7 4.1 NA 5,1(I,3

1902 ,508.5 20,9 19,1 4,4 NA 552,9
1903 5595 213 20,5 4,7 NA 606,4
1904 563,0 22,6 23,0 4,9 NA 613,4

1905 594,2 2.1,1 22,7 5,6 NA 646,6
1906 641.6 l_ .8 22.5 6.1 N A 696.1
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Global Carbon Dioxide Emission Estimates*

Gas Pet"

Year 'l'ohd Gas Liqu|d Solid Cement flaring caplla
1950 1638 97 423 10T/ 18 23 0.7

1951 1775 115 479 1137 20 24 0,7

1952 1803 124 504 1127 22 26 0.7

1953 1848 131 533 1132 24 27 0,7

1954 1871 138 557 1123 27 27 0,7

1955 2050 150 625 1215 30 31 0.7

1956 2185 161 679 128'1 32 32 0,8

1957 2278 '178 714 1317 34 ,35 0,8

1958 2?38 192 732 1344 36 35 0,8

1959 2471 214 790 1390 40 ._ 0,8

1960 2586 235 850 1419 43 39 0.9

'1961 2602 254 c.KI5 1356 45 42 0,9

1962 2708 277 981 1358 49 44 0.9

1963 2855 300 1053 1404 51 47 0,9

1964 3016 328 11.38 1442 57 51 0,9

;.965 3154 351 1221 1468 59 55 1,0

1966 3314 .380 1325 1485 63 60 1,0

1967 3420 410 1424 1455 (_ (g'_ 1,0

1968 ' 3596 445 1552 1456 70 73 1,0

1969 3809 487 !674 ' 1494 74 80 1,1

1970 4090 515 1838 1571 78 87 1,1

1971 4241 553 1946 1571 84 88 1,I

1972 4409 582 2056 1587 89 95 1,2

1973 4647 607 2240 1594 95 110 12

1974 4655 616 2244 1591 .96 108 1,2

1975 4628 , 620 2131 1686 95 95 l,l

1976' 4894 644 2313 1723 103 111 1,2

1977 5034 645 2390 1786 108 105 I.,2

1978 5082 673 2383 1802 116 107 1,2

1979 5365 713 2535 1899 119 100 1,2

1980 5263 724 2409 192i 120 89 1.2

1981 5129 734 2272 ' 1930 121 72 1,1

1982 5093 732 2178 1993 121 70 1,1,

1983 5084 735 2163 1998 125 63 1.1

1984 5260 796 2191 2088 128 57 1.1

1985 5379 826 2172 2196 1'30 55 1,1

1986 5561 842 2277 2253 1._ 53 1.l

1987 5680 888 2290 2313 142 48 ' 1,1,

1988 5893 919 2392 2_5 150 48 1,2

_..._._._._'_'_._._._._._._`'_._._'_'_..._'_°_._'_''._.'_'_

*Emission estimates rounded and expre_ed in million metric tons of carbon; per capita estimates rounded and

expressed in metric tons of carbon.
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statistical publications. Data from the U.S. 0 ................. -".-- _, _,.,-,.,,,._.,.,-,,,-,.,,,,- _'_-.,.--_,
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Department of Energy and with a few global
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Marland. 6- _,__

Data availability-Global and national CO2
emission estimates, along with the data used tO

in calculating these estimates, are _.o__ 4
documented and available from CDIAC
(Marland et al. 1989). The U.N, energy o la.

,r- L

statistics are available on magnetic tape "15 _ L2 --
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0-
Departmentof Energy, respectively. .i _ I v I , I , u

:! 1950 1960 1970 1980 199_:!
:i

..............................................................................................................................................................................Per capita COz emission estimates for the United States.
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United States

Carbon Dioxide Emission Estimates*

(;as Per

'_'ear Total _lid Liquid Gas Cement flaring ct_pita
t950 696.1 347,1 244.8 8%l 5,3 11.8 4,6

_951 716,7 334.5 262.2 102,7 5.7 11,7 4.6

1952 697.9 296,6 273,2 109,9 5,8 12,5 4.4

1953 714,5 294,3 286,6 115.5 6.1 11,9 4,5

1954 680,5 252,2 290,2 121,2 6,3 10,6 4.2

1955 746,0 283,3 313,3 1.30,8 7,2 11,4 4,5

!956 781,9 295.0 228,5 138,1 7,6 12,7 4.6

1957 775.1 282,7 325.8 147,6 7,1 11,9 4,5

1958 750,8 245,3 333.0 1155,8 7.5 9:3 4.3

1959 781.4 251,5 343,5 169.9 8.1 8,4 4,4

1960 799.5 253,4 349,8 180,4 7,6 8,3 4.4

1961 801,9 245,0 354,1 187.4 7,7 7.7 4,4

1962 831,5 254.2 364.3 198.7 8.0 6,3 4.5

1963 875,6 272.5 378,8 210.3 8,4 5.6 4,6

1964 912.9 289,7 389.7 219,8 8,8 5,0 4.8

1965 948,3 301,1 405,6 228,0 8.9 4,7 4,9

1966 9_).7 312,7 42.5,9 246,4 9.1 5,5 5,1

1967 1039,2 321,1 443,6 258.5 8,8 7.2 5,2

1968 1081,0 314,8 471,9 277,4 9.4 7.6 5.4

1969 1132.0 319.7 497,4 297,8 9.5 7.7 5,6

1970 1165.5 322,4 514,8 312,1 9.0 7.2 5.7

1971 1173.2 305,7 5_.5 323,3 9.7 4.2 5,7

1972 1227.3 310,4 575.5 327,6 10,2 3,6 5,9

1973 1275.4 334,0 605.4 321,7 10.6 3.6 6,0

1974 1231.1 330,1 580,7 307.9 10.0 2,4 5.8

1975 1179.0 317,6 565,1 286,0 8.4 1.9 5.5

1976 1262,0 351,6 608,1 291.3 9.0 2.0 5,8

1977 1269,7 355,6 641,9 260,5 9.7 2,0 5.8

1978 1293.4 361,2 655,0 264,7 10,4 2,2 5,8

1979 1300,9 378.7 634,6 274,8 10,4 2,4 5,8

1980 1259.3 394.6 581.0 272.5 9,3 1,8 5.5

1981 1210,6 403,0 533.1 264,2 8,8 1,4 5.3

1982 1146,9 390,1 502,2 245.4 7.8 1.4 4.9

1983 1149,4 405,5 500,1 233.8 8.7 1.4 4,9

1984 1187.5 427,8 507,1 241.5 9,6 1,6 5,0

1985 1201.3 448.0 505,6 236.7 9.6 1.4 5,0

1986 1204,5 439,7 531,1 222.6 9,7 1.4 5.0

1987 19.2.57,5 465,8 545,3 235.0 9,6 1,8 5,2

1988 1310,2 493,6 566.4 238.6 9,5 2, I 5.3

*Emission estimates rounded and expressed in million metric tons of carbon; per capita estimates rounded and

expressed in metric tons of carbon,
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Bureau of Mines were used to estimate CO2 ' I " I - t I _ I'
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supplemented with data from the U.S.
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Data availability-Global and national CO:_

emission estimates, along with the data used f,_

in calculating these estimates, are _ _ 4
documented and available from CDIAC lp- _
(Marland ct al, 1989). The U,N. energy o 12.

statistics are available on magneticlape _ _. 2- _
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Department of Energy, respectively, 0 I l' I I l I _ I

1950 1960 1970 1980 19'2
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CO2 Emissions
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CO2 emissions from the U.S.S.R,

increased 4.7% from 1987 to 1988,
continuing the virtually unbroken trend of
4.5 % annual growth that has been
maintained since 1950. During that interval,
the U.S.S.R. share/contribution has

increased from 11 to 18% of total global
emissions. Recent growth has resulted

largely from rapid exploitation of huge
natural gas resources, and 28% of Soviet
emissions now come from natural gas. Since
1950, lhe contribution of coal has shrunk
from 80 to 39% of total emissions, and both

coal and petroleum have been static over the .,.
last decade. Per capita emissions continue to
grow and ,are now 31.% higher than in 1973
and 13% higher than in 2979. Gas flaring "_

• data for the U.S.S.R. are poor and partly
estimated, 1)ut gas flaring contributes only a

1 small fraction of total emissions- only 0.4%
in 1988.

!:

i:
Note-Growth rates were calculated (before i
rounding) by performing a linear regression
of log CO2 emissions versus time and

"r calculating the slope of the regression linei990
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Union of Soviet Socialist Republics c0zEmissions
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. .,,,.....,.....,., ..,.,., ........,., ......, ,... , ...., ,.. .... ,....., ,.....,, ,..,, ...,,. , ,,... ,....... .

Carbon Dioxide Emission Estimates* RFJrF_RENCES

G&q Per K,,.;eling, C,I), 1973, indust rim tru)duct ion of

Year Total Solid Liquid Gas Cemenl tinting cllplta CilrbOlldioxide t'rmn fossil fuels and
1950 185,8 148,6 32,7 3, l 1,4 0,0 1,0 limestone. Tellu,r 25:174..- 198,

1951 201,4 161,1 35,2 3,4 1,7 0,0 1,1 Marhmd, (;,, and R,M. Rolly. 1084. Carbon
1952 215,7 170,6 39.7 3,4 1,9 0,0 1.2 dioxide, emissions from fossil t'tmls: A
1953 228,1 178,4 43,9 3,7 2,2 0.0 1.2

1954 249,1 193,8 48,7 4,0 2,6 0,0 1,3 proccdtlrc for estimation and rc, stills for

1955 282,8 217,9 57,1 4,8 3,1 0,0 1.4 1!)50-1982, 7'ulhts 36(B) :232-4_1,

1956 310,1 234.1 66,2 6,5 3,4 0.0 1.6 Marland, G., T.A, B_tlcn, R,C', (;til'fin,
1957 338,9 250,4 74.5 10,1 3,9 0,0 1,7 ,"q,F. Huang, P. "(atlciruk, and T.R. Nelson,
1958 361.7 258,9 83,3 15,0 4,5 0,0 1.7 1989. Estimatea of C02 emissio,zs from
1959 _0,3 264,9 91,0 19,2 5,3 0,0 1,8 Jbssilfttel tmrning and crment ttt_tlztt.

1960 396,1 266,0 99,5 24,4 6,2 0,0 1,8 J'tlClllt'illg, t_a,ved oft the United Nations

1961 408,5 262,1 107,8 31,6 6,9 0,0 1,9 ett_'lR_' statistics aral the U,S. t3tlrrott of

1962 428,8 261,1 120.5 39,4 7,8 0,0 1.9 A,lines cenletl[ mattttf_lclttritz,g data1963 459.6 271,0 132,1 48,2 8,3 0.0 2.0

1964 488.7 279.5 141,7 58.7 8,8 0,0 2,1 ( ) RNI./( 'I)1 A( '-25, N I)P-()3(), ( )ak R idgc
1965 518,5 289.5 151,2 68,0 9.8 0,0 2,2 Nal ional I,alxwatt_ry, ()ak Ridge,

1966 547,7 299,5 161,9 75,4 10,9 0,0 2,3 Ten nessce,

1967 572,6 302,2 176,4 82,6 11,5 0.0 2,4 P.(_lty, R,M,, and (;, Marlat_tl, l t,_8(,, tq_ssil

1968 588,7 299,4 187,9 895 11,9 0.0 2.5 fucl C()ltlbll,_li(Hl: lccCll{ ;llll('ltlll[,'.:,, I)all(:rn,q,

1969 613.1 303,8 201,3 95,8 12,2 0.0 2.5 and rrc'hds _d'(i()2, l)l), 484 51)(), IN

1970 628,2 323,3 203,2 88,8 13,0 0.0 2.6 .I, R. 'l'ra[_alka and l). [:, R.cich It.' ((:ds,),

1971 666.8 330,1 216,7 100,5 13,6 5.9 2,7 "[Tze (..'/zaltq, itlff (.+arht.z (,'X't'[c: .'1 (]h)t,,tll
1972 701.2 340,1 235,6 105,7 14.2 5,7 2,8 ' '

1973 730,5 343,8 9_53.4 111,7 14.9 6.8 2.9 Ana(vsi,_', Springcr-Vcrlag.
1974 757,8 344,9 271,4 118,4 15.7 _.4 3.0 l..Jn iicd Nal it)his, 1(189, l:TmvA,y ,S'tatisti(:s

1975 795,9 355,3 286,4 129,3 16,6 8.2 3,1 Ycartu,_k 10S7. l,lnltcd NatiorJs

1976 828,3 365,4 294,7 142,2 16,9 9,2 3.2 Del)art mcnt cd' lutcruat itmal Ecorw, mic
1977 857,3 371,3 306,2 152,6 17.3 9,9 3,3 and Social Affairs, St alisl ical ( )ffice,
1978 882,5 370,0 324,5 160,1 17.3 10,6 3.4 N t:.w York,

1979 890.6 370,0 327,6 170,5 16,7 5.8 3,4 [I.,'q, li urcau t)[" M itl('s. 1988, Alinerals
1980 895.5 359,6 335,8 177.3 17,0 5.8 ? .4

1981 996.0 352,3 340,2 1_,5 17,3 5,8 3,4 Yearb_,ok, I/'¢_1, I, A.h'tal.s', Mitzerals, and

1982 929.4 358,9 M2,4 205.5 16,8 5.7 3,4 Furls, Was h ingl on, D.C,

1983 941,4 356,,6 340,9 220.9 17,4 5,6 3,5 L.I.S, Department of i!_nt:rgy, 1!)_8,

1984 959.3 354,0 338,8 243,2 17.7 5,6 3.5 International [;'.llCt_xW,qltllll_l[, D( )l!:./

1985 987,6 358.4 340,2 265,3 17,8 5.9 3,6 [".IA-()21u(88). Energy Inl't_r__alion
1986 1014,2 372,4 339,2 279,1 18,4 5.2 3,6 Administ raticm, Washington, I).C.
1987 1036.4 371,3 339,2 302,4 18,7 4,8 3.7

1988 1086,0 425,3 334,4 302,6 18,9 4,8 3.8

..._._.a___*._...___._.__....v..._......_._.___.___....__....._.....I_...`_._......._...v.......____..._v

*Emission estimates rounded _nd expressed in million metric tons of carbon; per capita estimates rounded and
expressed in metric tons of carbon,
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People's Republic of China
_"°;';°:::'_+;o:°:,:4,:,:,_,,o_,,%:.:,;.:,:,',_,'.,_,_,:_,,'._,_o','o',_o',_,,'.',',:,,',_,':I,_o;,,,:,_,;,°,°o°,_•_,:,;°_o','.°,',:.:,_,:o:,;. ',',_,'o'.',',_,_o,',:_',_,°.','.', ',;._,'.'.','*','II._,',',',',',',',',,:,;-;._o:,,',°o;o',',',_o',:,:,:,l';"_,','o'o'o°,_°:,:'Ill°_,,°,,,°I.:o_°_°;,:oI°o,,,,,,,,,._,i.;,_o:,,,,,,o,,'4,'°',:,:,I.',,:':,:',':_,',,:,I,I,;,:+_':':";°:":o:'I,:,p.,I,:,:,:,,_,,,I-:,I-t,:,:,I.',o;.'.:el°'.°_.,'o;@:°I"I°,,;.I,I,_°:.;,_°;o_+:,:,:,_,;,_,_°:,:_,,loI.,,I.:,,,I;I:::l;I:I:::I_,: :;_,;_.:,;;_;;::_:::I:I:I:::::_::I;l:,:_:_:t:::,::::::I:_:,.,_:::_i:,:::;::;,._:::I::::;::I:;_,::;::::::,:I;I;::_:::l:::::_I:I::::_:,,,

,' .i 640 - Solids ...........

' Ids ......
i Principal investigator LlqUesGasOregg Marland /
i Environmental Scien:.es Division Flaring ...... _ /
', Oak Ridge National Laboratory Cement .................... ' /
' Total / ,,."i Oak Ridge, Tennessee 37831-6335 ¢O 480
: / 0_'¢0¢'i U,S.A, _ - .

' _ ¢ ¢ 00'1#

i Sponsoring agency I-_

!:! U.S. Department of Energy O / o'.. -.. ,o,Carbon D_,o_de Research Program _ 320
:'iPeriod of record- 1950-1.988. _ ,°°° '

Method-Global CO2 em{ssion estimates _ ' '*i _ i# '

derived primarily from the U.N. energy _ oO'statistics were Calculated by using the :_ #z 160 0
methods of Marland and Rotty (1984). The :_ ...'°
energy data were compiled from U,N, , _ --"

, ,i_ ,,_
questionnaires supplemented by national -i _....
statistical publications. Data from the U.S. 0 -.- -- ._.._, .,, ,i._, _'.'-'_, _ .-,
Bureau of Mines were used to estimate CO2 - , --- _ .... , " _ , ....... i , _'

emitted during cement production. 1950 1960 1970 1980 19913
Emissions from gas flaring were derived
primarily from U.N. data but were CO2emissions from tl_e People's Republic of China.

supplemented with data from the U.S,
Department of Energy and with a few global

and national estimates provided by Gregg 6 .-
Marland.

Data avallabll|ty-Global and national CO_ --

emission estimates, along with the data used O _ 4-
: in calculating these estimates, are _

documented and available from CDIAC 1.9- _ _ft..
(Marland et al. 1989). The U.N. energy o

statistics are available on magnetic tape "_ _. 2 -
from the U.N. Energy Statistics Unit. The i '_
cement and gas flaring data are available

from the U.S. Bureau of Mines and the U.S, !i"_ 0 i_ _ ...... = IIl_l_ll I

Department of Energy, respectively, ii _ i i I ' I _ 1
::i 1950 1960 1970 1980 1990

i !
............................................................................................................................................................:................................i Per capita COz emission estimates for the People's Republic of Cldna.
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CO2 Emissions
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TREND I
Chinese emissions of CO2 have grown /

phenomenally since 1950,when China stood /
tenth among nations. Per capita emissions /
increased by a factor of 14,2 over this l
interval, and, combined with a doubling of
population, total CO2emissions in 1988
were 28il times the 1950level. Growth has

been largely in the use of coal, which
accounted for 99% of the total in 1950and

still 80% in 1988.Liquid fuels now contrlb- /
ute 14% of emissions, but growth has been
stalled since about 1978.The anomalous
peak in the data for 1958--1961is common in
Chinese data. These years are part of the
period of "The Great Leap Forward," and it
is not clear whether the anomaly represents
a real event in CO2 emissions or a data
residual. Growth from 1%7 to 1988has been

y fairly regular at 7.2%per yearwith a minor

_0 offset in 1980-1981.

' i

Note-Growth rates were calculated (before I
rounding) by performing a linear regression i
of log CO2 emissionsversus time and _
calculating the slope of the regression line. ii

;....`.`_..`.._....._...._.._..._._........._..`.....`_..............._........__......__......'_........'...'_.__._.._...._..'.'...'...'.._.....'._._.......__........._.....__...`._............._'........'
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People's Republic of China
_......_::::_::.:::_:_:_:::_::_::_._::_:_::::_:_:_::_:_::_::_::_:::_..:_:_::_.::_:_::_:_:_:::::_.._._::::..:::_:_:::::_:::_:::::_:_:::_::_:::_::_::_:_:_:::::_:_.._._/.:._::_:::_:_::_:_::_:::_:::_::::_:_:::_h_.:::::::::_'_:_:::_:_.::_.::.:_..:::_::.:+::x..:::.:.:::::::::::::::::::::::...._:::::...h:_::.:_:::_.:.:..:.:.:+:.:._:_::.:::_.:.:..:..:::.:::..`..::..::h:_:::_.::::::.:_:::x.::_:_::::::....:::_..:+.::_:;:::.h_::.:f_:::::::':.::.:_.::::::.......::.:::::::h_:::::._:_._::.::_J.:.hh:._::g:_.:::..::::_._:::::>:_::::::_:_::::::::::::::::::::::::::::::::::::::::::::

Carbon Dioxide Emission Estimates*

Gas Per

Year Total SolAd Liquid Gas Cement flaring capita
1950 21,7 21.4 0,2 0,0 0,1 0,0 0,04

1951 28,1 27,6 0,3 0,0 0.2 0,0 0,05

1952 35.4 34,6 0,4 0,0 0;4 0,0 0,06

1953 37,0 36,0 0_5 0,0 0,5 0,0 0,06

1954 44,5 43,0 0,9 0,0 0,6 0.0 0,08

' 1955 52,7 50,6 15 0.0 0,6 0,0 0,09

1956 59.7 56,6 2.2 0.0 0.9 0.0 0.10

1957 70,7 67,3 25 0,0 0,9 0,0 O.11

1958 145,0 140.3 3,4 0.1 1,3 0.0 0,23

1959 1_),0 192,0 5,2 0,2 1,7 0,0 0,31

1960 215,3 206,6 6,3 0,5 1,8 0,0 0.33

1961 152,2 1,14.3 6,1 0,8 1.1 0,0 0.24

1962 121,4 113.7 5,9 (1.6 1,1 0.0 0.19

1963 120,4 112.1 6.4 0,5 1.4 0,0 0.18 "

1964 !20,4 110,9 7.6 0.6 1,4 0,0 0,17

1965 131,2 119,6 9,6 0.6 1.5 0,0 O,18

1966 144,1 129,7 12.2 0.7 1,5 0,0 0,20

1967 _.19,4 105.9 11,6 0,8 1.1 0,0 O,16

1968 129,2 114,i3 13,3 0,7 1,2 0,0 0,17

1969 159,0 1.38.4 18.2 1,0 1,4 0,0 O.20

1970 211,6 183,9 24,9 1.5 1,4 0,0 0,26

1971 240,5 203,3 31,8 2.0 3,1 0,2 0,29

1972 2.55,5 212,8 36,8 2,5 3,1 0,3 0.30

1973 265,7 216,4 42,4 3,1 3,4 0,3 0,.30

1974 271,0 214,3 48.9 3,9 3,4 0,4 0,30

1975 314,3 250,3 54,7 4,6 4.1 05 0.34

1976 328,2 251,4 64,3 5,3 6,7 0.5 0,35

1977 Mgi,2 282,3 69,4 6,3 7,6 0,6 0,39

1978 407,4 317,2 73,4 7,2 8,9 0,7 0.43 '

1979 416,2 32.5,4 72,3 7,6 10,1 0,8 0.43

1980 406,4 316,6 70.7 7.5 10,9 0,8 0,42

198"1 402,6 317.5 (:,6,3 6,7 11.4 0,7 0,41

1982 431,5 345,1 66,8 6,3 12.8 0.7 0,43
1983 455,2 365,0 68,4 6,4 14,7 O,7 0,45

1984 494,8 400,9 70.0 6,6 16,5 0.9 0,48

1985 537,3 437,0 74,1 6,8 19.4 0,0 0,52

1986 567,4 459.7 78,4 7,2 22,0 0.0 0,54

1987 594,4 479,0 83.6 7,3 24,4 0.0 0,56

'_ 1988 609,9 487.9 86.9 7,5 27.6 9,0 0,56

_________`________________________.________________°________.____________________________________________________

• Emission estimates rounded and expressed in million metric tons of carbon; per capita estimates rounded and

expressed in metric tons of carbon,
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300 Solids ..........-
Liquids .....
Gases ......
Flaring .. --.. --

i Oak Ridge:Natlonal!Laboratory ." : " Cement ....................
ii:: Oak Ridgei Tennessee 37831,6335 (..) 225 Total

_ent of Energy ........ t .0 /'_'
\

._ CarbonDioxide:ResearchProgram { _ 150 / ,,4_ / \... .,/
Pertod 0f reeord'!950.19_, _ I _ /

r-- /
': Method-- Global CO2 emission estimates O /

derived primarily from the U.N. energy "----- /

statistics were calculated by using the _ 75 / ,--, ,, ,°.., ,,"°'" "°°
methods of Marland and Rotty (1984). The . _ _Ii... ,o" .... ° ".... ,, ooaa

energy data were compiled from U.N, , , ...... "_,_'_'"

questionnaires supplemented by national ---,"_" , _ .--...,,, ....
__ _ _ _,,,, ,_ _,,, ,' _' " _ _._' _,'_'&_l_ '_'' ' ,,,,,,,,_,,,,,,,_,

statistical publications. Data from the U.S. 0 _',"-',_""-'_ '_'_'_ _"
Bureau of Mines were used to estimate C02 i- 1 I _ I , I ' I

emitted during cement production. 1950 1960 1970 1980 19901
Emissions from gas flaring were derived ::
primarily from U.N. data but were CO2 emissions from Japan.
supplemented with data from the U.S.
Departmentof Energy and with a few global

and national estimates provided by Gregg 6 --
Marland. ::

Data availability-Global and national COs
emission estimates, along with the data used i 0 4
in calculating these estimates, are t--
documented and available from CDIAC I_ ft..o
(Marland etal, 1989). The U.N. energy :! ,_

statistics are available on magnetic tape "_ _. 2 . /_'___'_'_'!_from the U.N. Energy Statistics Unit. The _
i cement and gas flaring data are available '. _._. _'_"
i from the U.S. Bureau of Mines and the U.S. :_ 0
i: Department of Energy, respectively. : ' _ ' _ _ _
i :! 1950 1960 1970 1980 199_'

i:........................................................................................................................................................................................................i Per capita C()2 emission estimates for Japan.
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TREND
The history of CO2 emissions from Japan

is remarkable for the abrupt change that
occurred in 1973. With postwar growth at
9.6% per year from 1950 to 1973, total
emissions have been virtually constant since

1973. Rising consumption of liquid
[ petroleum products halted in 1973, and

constant CO2 emissions reflect the

increasing contributions of coal and natural
gas as the petroleum share has shrunk from
71% in 1973 to 57% in 1988. Japan is the

world's largest consumer of liquified natural
gas ai_d !reported over 39 billion cubic
meters in 1987. Per capita emissions are

approaching levels comparable to the 1973
maximum although they are "1times larger
than the very low value that prevailed in 1950.

"r

1990

Note- Growtn rates were calculated (before

rounding) by performing a linear regression

"'-r" of log CO2 emissions versus time and
1990 calculating the slope of the regression line.

i ................................................................... ' ................................... "
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Japan CO2 Emissions
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Carbon Dioxide Emission Estimates* REF ERENCES

Gas Per Keeling, C,D. 1973. Industrial production of i
Year Tolal Solid Llq uid Gas Cement Flaring Capita carbon dioxide from fossil fuels and
1950 28,3 26.4 1.2 0,0 0,6 0.0 0.3 limestone. Telhts 25:174--198.

1951 34.0 30,6 2.5 0.0 0,9 0,0 0.4 Marland, G., and R.M. Rolty. 1984. Carbon
1952 35,9 31,4 3.5 0.0 1,0 0,0 0,4 dioxide emissions from fossil fuels: A

1953 40.2 32,9 6,0 0.0 1,2 0,0 0,5 procedure for estimation and rcsulls for1954 39,3 31,2 6,5 0,0 1,5 0,0 0,4

1955 39,1 30,1 7,5 0,0 1,4 0.0 0.4 1950-1982, Tellus 36(B):232--1')!,
1956 44,2 33.5 8,8 0.1 1.8 0.0 0.5 Marland, G., T.A. Bodcn, R,C. Griffin,
1957 51.8 37,5 12,0 02 2.1 0,0 0.6 S,F. Huang, P. Kanciruk, and T.R. Nelson.
1958 49.8 34.9 12,6 0.3 2,0 0,0 0.5 1989. Estimates of C02 emissiotlsfro#_l

1959 53.0 M.7 15,6 0,3 2.3 0.0 0,6 fossilfttel hurtUng and cement manu-

196o 63,9 38,4 22,0 0.4 3.1 0,0 0.7 facturing, based on the United Natiorr
1%1 77.7 44,4 29,4 0.6 3,4 0,0 0,8

et:ergvstatistics am/the U.S, Bureau of
1962 80,4 42,6 33,2 0.7 3.9 0,0 0,8 Mines cemetll matlttfacltlritlg data.
1953 89,2 42,9 41,2 1.0 4,1 0,0 0.9

1964 98.5 44.2 48.7 1.1 4.5 0.0 1.0 ORNL/CDIAC-2., NDP-03-0. ()ak Ridge
1965 106.0 45,8 54,8 1.0 4,4 0.0 1.1 Nat ional Laboratory, Oak Ridge,
1966 115,0 47,1 61,7 1,9 5,2 O,0 1.2 Tc n n csscc.

1967 134.2 50,1 7%l 1.2 5,8 0,0 1,4 Rotty, R.M,, and G. Marland. i986. Fossil
1968 ,154.0 55.3 91,2 1.2 6.5 0.0 1.5 fuel combuslion: recent amounts, patlcrns,

1969 179,0 61,0 109,7 1.3 7,0 0.0 1.8 and trends ()f (:02. pp. 484--5(i)0.IN
1970 202.4 63,3 129.3 2.1 7,8 o.0 2.0 J,R, Trabalka and D.E. Rcichlc (eds.),

1971 209.5 57,0 142.2 2,2 8.1 0,0 2,0 The Changing Carbon Cycle: A Global
1972 224.9 55,3 158,4 2.2 9.0 0.0 2,1

1973 250.7 59,3 177.8 2.9 10,6 0,0 2.3 Analysis, Springcr-Vcrlag.
1974 244,1 63.3 166,9 3.9 9,9 0.0 2,2 United Nations. 1989, EnetRv Statistics
1975 233.7 58.9 161,2 4.7 8,9 0,0 2.1 Yearbook 1987. United Nationt;
1976 239,3 57.6 166,7 5.6 9,3 0.0 2.1 Department of International Economic
1977 251.6 56.6 178,3 6.7 9,9 0,0 2.2 and Social Affairs, Statistical ()ffice,
1978 250.7 49.9 179,8 9.4 11,5 0,0 2.2 New York.

1979 260.2 54.7 182.3 11,2 11,9 0.0 2,2 U,S. Bureau of Mines. 1!)88.Minerals
1980 254,9 62,8 167.0 13.1 12,0 0.0 2.2

1981 249,9 68,9 156.2 13.3 11.5 0.0 2.1 Yearbook. Vol, 1, Metals, Minerals, and

1982 244,6 68,5 151.5 13,6 11,0 0.0 2.1 Fuels. Washington, D.C.
1983 239.9 65,2 149,1 14,6 11.0 0.0 2.0 U.S. Dcparl ment of Energy, 1988,
1984 264.3 76,9 157.1 19.6 10.7 0.0 2.2 lntenmtional E/lt._r_'3,A#lnttal. D()E/

1985 254.2 80.5 142,8 21,0 9.9 0.0 2.1 EIA-0219(88). Energy Int'ormalion
1986 : 248,9 ' 76.3 ' 140,7 22,1,, 9,7 0,0 2.1 Administration, Washington, D.C,
1987 246.9 75.2 139,4 22,5 " 9,7 0,0 2.0
1988 269.8 82.9 152.8 23.5 10,5 0.0 22

'_..'_._.._._._._`.._..v_..._v`_'_'.._.._..._.v._v_._v_'_v_.._._v_._'
• , .................................................................................................... .

*Emission estimates rounded and expressed in million metric Ions of carbon; per capita estimates rounded and

expressed in metric tons of carbon.
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Federal Republic of Germany
........ .,,. H,H,..,,°,, H,,,,.,..,*.,..,.,,°,°,°,,,,,,,,,.°°,.,..,,,.., .,,..,.,,,.,,°,

BACKGROUND a00 -I So,ds .... , ......

Principal investigator t Liquids .....

Gregg Marland Gases , -- ....
Environmental Sciences Division : Flaring ......

Oak Ridge National Laboratory Cement ....................
Oak Ridge, Tennessee 37831-6335 .(-) 225 Total ..
U.S.A,

Sponsoring agency _

U_S. Department of Energy 0

Carbon Dioxide Research Program '_0 150
Period of record- 1950-1988. _;

! Method- Global CO2 emission estimates O "".... ""A_¢,"_',.N_ _-- -- _,i derived primarily from the U.N. energy "-'= - ,,
•-_, -- _,.___.;.:_statistics were calculated by using the 75 ,...//f " _"" '" "'" "_.....

i methods of Marland and Rotty (1984). The

! energy data Were compiled ftore U,N. _,/'_'_
! questionnaires supplemented by national -_" -" '" '"'-" ''"-

statistical publications. Data from the U,S, 0 ---" ............. "_' ..................................._.,.,_ ............ ,_,_.. ........... ....77_.,_._..
Bureau of Mines were used to estimate CO2 , ' , , ,I I I !

emitted during cement production. 1950 1960 1970 1980 1990
Emissions from gas flaring were derived
primarily from U.N, data but were CO2 emissions from the Federal Republic of Germany.
supplemented with data from the U.S.
Department of Energy and with a few global

and national 'estimates provided by Gregg 6 -
Marland. :!

Data availability- Global and national CO2
emission estimates, along with the data used tO

in calculating these estimates, are i _ ta_ 4 -
documented and available from CDIAC Ip- _ __

(Marland et al. 1989). The U.N. energy ._
la_

statistics are available on magnetic tape 15 _ 2I:L
:_from the U.N. Energy Statistics Unit. The

_
i. cement and gas flaring data are available _i

i from the U.S. Bureau of Mines and the U.S. i 0 -
Department of Energy, respectively, ' _ _ _ _ _ '

i i 1950 1960 1970 1980 199(
..................:...........................................................................................................................................................i Per capita COz emission estimates for the Federal Republic of Germany.
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TREND

Emissions of CO2 from the Federal

Republic of Germany rose slightly in 1988 to
182.7 million metric tons of carbon:This

slight increase maintains the generally
constant trend which has prevailed since
1982. Per capita emissions also remained

generally constant and are r_c,wnear the
1963 value and 1.4% below the 1.979high.

Although the largest fraction of emissions
(43%) is from burning of solid fuels, the use
of coal has been in general decline since a
maximum in 1956, at which time 91% of total
emissions was from coal burning, Natural

gas burning first contributed over !% of
total emissions in 1.966and is now 14% _,f

the total, _ share that has been fairly
con._tant since 1978.

J0

Note-Growth rates were calculated (before

: rounding) by performing a linear regression
"T { of log C02 emissions versus time and
990 i calculating the slope of the regression line.

!
i
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Federal Republic of Germany
_. _._._._._'_._._.._._..._._._._°._._""_.._`._._.._.``_.._._ . ii, i, • i _ . ...°,.. .... ..,,. .,.,. ....... , .,1...,. ,.,., ,,.._,.,,.., .,..,._.,,. ,., ,,,,.,,, ,.,,,,,,,°,,.,,. ,,,,,,,,,,..,, ,. _. ,,.. _ ...... _ , ._. , ..

Carbon Dioxide Emission Estimates*

Gas Per

Year Total _)l|d Liquid Gas Cement flaring capita
1950 94.9 91,3 2,0 0,0 1,5 0,0 1,9

1951 108,8 104,3 2,8 0,0 1,7 0,0 2,2

1952 115,4 11014 3,2 0,0 1,8 0,0 2,3
1953 113,2 106,7 4,3 0,1 2,1 0,0 2,2

1954 120,1 111,7 6,1 O,1 2,3 0,0 2,3

1955 132,9 122,5 7.7 0,2 2,5 0.0 2,5

19,56 143,0 13_,2 9.9 0,3 2,6 0,0 2,7

1957 143,9 129.5 11,6 0,2 2.6 0,0 2,7

1958 136,7 119.5 14,3 0,3 2,',7 0,0 2.5

1959 135,9 113,9 18,5 0,3 32 0,0 2,5

1,960 148,6 121,1 23,8 0,3 3,4 0,0 2,7

1961 150.5 118,6 27,8 0,4 3,7 0.0 2,7

1962 159.9 120,8 34.8 0.5 3,9 0,0 2,8

1963 174.6 126.9 43,1 0.7 4,0 0,0 3,0
1964 178,3 123,4 49,4 1,0 4,6 0,0 3,1

1965 177,5 115,0 56,4 1.5 4,6 0.0 3,0

1966 174,6 105.4 62,8 1,8 4,7 0,0 2,9

1967 172,8 100,9 65,3 2,4 4,3 0,0 2,9

1968 184,9 102o3 74,2 3.9 4.5 0,0 3,1

1969 199.4 106,9 82,2 52; 4.8 0,0 3,3
1970 200,9 98,0 89,8 7.8 5,2 0,0 3,3

1971 202.5 93,2 93,2 10,4 5,6 0.0 3,3

1972 204,1 86,9 97,9 13.5 5,9 0,0 3,3

1973 213.8 89,6 101,8 16,9 .5,6 0.0 3,5

1974 206,6 91,6 89.7 20.4 4,9 0,0 3,3

1975 190,4 78,3 86,i 21.5 4.6 0,0 3,1

1976 211.5 88,6 95,5 223 4,8 O,0 3,4
1977 199.1 77,2 93,7 23.7 4.5 0,0 3,2

1978 204,8 79,0 95,2 2.5,9 4,8 0,0 3,3

1979 215,6 85,2 97,0 28,3 5,0 0,0 3,5

1980 208,0 85.5 90,0 27,9 4,6 0,0 3,4

1981 193.9 87,1 76,6 26,0 4,3 0,0 '3,2

1982 184.5 84,1 72,3 23.9 4,1 0.0 3,0

1983 183,6 84,8 70,0 24,7 4,1 0.0 3,0

1984 187.0 87,0 70,6 9,25,5 3,9 0,0 3.1

1985 185.2 84,6 71,4 25,8 3.5 0,0 3,0

1986 185.0 82.4 75,8 23,1 3,6 0,0 3,0

1987 181.2 78.5 73,2 25,6 3,4 0,4 3.0
1988 182,7 78.0 75,0 25,1 4.2 0,3 3,0

..",*_.._,.___.___.___"___.__._"____..___._.__._.,.___.__._"_".._"____..e__.__.,__.e.__','.',',','.'.",',',*.'

' l?,mtssion estimates rounded and expressed in million metric tons of carbon; per capita estimates rounded and

expressed in metric Ions of carbon,
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India

' 200 lids! - So ...........
! Principal Investigator , Liquids ......
! GreggMarland Gases, , .....
i Environmental Sciences Division Flaring ...... '

Oak Ridge National Laboratory Cement .................... /

i!Sponsoring agencyi_'il U.S.U.S.A,OakCarbonRidge,DepartmentDioxideTennesseeofResearchEnergy37831-6335Program _"._I_-¢OOe,cn 100150 Total ,
' Period of record- 1950-1988. _ _ .,'°

Method- Global CO2 emission estimates t-- - .."°'

i deriv,;d primarily from the U.N. energy _--- '" "q#_ lit al w

sta, _._ticswere calculated by using the _ 50 ..
i methods of Marland and Rotty (1984). The ..........i, energy data were compiled from U,N, _ .... "'"........ _"'_' '-"
i questionnaires supplemented by national - ....- -- .--
• a.w_ _ f_ _ _ _ _

'_statistical publications. Data from the U.S. 0 .... ' .................
] Bureau of Mines were used to estimate CO2 il '" ' 1 ' " I ' , I ' ' 1

emitted during cement production, :. 1950 1960 1970 1980 1990

Emissions from gas flaring were derived _, C()2 emlsslons from India.primarily from U,N. data but were ,.
supplemented with data from the U,S.
Department of Energy and with a few global ii
and national estimates provided by Gregg
Marland. 6 -

Data availability-Global and national CO2 i::

emission estimates, along with the data used O t:: 4 -

in calculating these estimates, are _ _
documented and available from CDIAC !_ _.
(Marland et al, 1989).The U.N, energy .o ._
statistics are available on magnetic tape _ n° 2
from the U.N. Energy StatisticsUnit, 'I't_e

: cement and gas flaring data are available -1

from the U.S. Bureau of Mines and the U.S, 0 -] ..... '......
Department of Energy, respectively. , _ 1 _ I _ _ _ I

1950 1960 1970 1980 1990

,..........,,...........,...................................,,................................,,..........................,,.............,.............................. Per capita COz emission estimates I'or India.
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CO: Emissions

TREND
India has experienced dramatic recent

growth in CO2 emissions, Emissions have

grown 5.6% per year since 1950 as India
climbed from 13th to 6th plac_ as a national
contributor, Total emissions increased

8.9 times over this interval and per capita
emissions increased 3,9 times, Emissions in

India continue to be largely from coal
burning, Coal contributed 87% of emissions
in 1950 and 72% in 1988 as the oil fraction
increased from 11 to 22%, Indian emissions

data reveal little impact from the oil price
increases that affected emissions in the

United States and western Europe so
dramatically in the lat_ 1970s and early
:t980s. Per capita emissions in 1988 were less
than 4% of the U.S. value,

Note-Growth rates were calculated (before

rounding) by performing a linear regression
of log CO2 emissions versus time and

3 calculating the slope of the regression line.

....... ,,, .... .....
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India

Carbon Dioxide Emission Estimates*

Gas Per

Year Total Solid Liquid Gas Cement flaring capita
1950 '18,4 16,0 2,0 0,0 0,4 ,0,0 0,1

1951 19,2 16,6 2,1 0.0 0,4 0,0 0,1

1952 20,3 17,7 2,1 0,0 0,5 0,0 0,1
1953 20,6 1B,O 2,1 0,0 0,5 0,0 O,1

1954 21,7 18.5 2,6 0,0 0,6 0,0 O,1

1955 23,5 19,4 3,5 0,0 0,6 0,0 O,1

1956 24,4 19,9 3,8 0,0 0,7 0,0 O,1

195'7 27,3 22,2 4,3 0,0 0,8 0.0 O,l

1958 28,6 23,1 4,6 0,0 0,8 0,0 0,1

1959 30,2 24,3 5,0 0,0 0,9 0,0 0, !

19(,0 33,2 26,8 5,3 0,0 1,1 0,0 O,1

1961 35,9 29,0 5,8 0,0 1,1 0,0 0,1

1962 39,5 31.5 6,8 0,0 1,2 0,0 O,1

1963 42,4 33,7 7,4 0,0 1,3 0,0 0,1

1964 41,4 32,3 7,7 0,0 1,3 0,1 0,1

196.5 45,6 35.5 8,4 O,1 1,4 0,2 O,1

19(_6 47,2 35,7 9,7 O,1 1,5 0,2 O,1

1967 47,4 36,3 8,9 0,1 1,6 0,4 0,1

1968 51,5 37,7 11,5 0,2 1,6 0.4 0,1

1969 52,4 37.6 12,4 0,3 1,8 0,3 0,1

1970 :33,3 37,7 13.1 0,3 1,8 0,4 O,l

1971 56,2 38,7 14,7 0,3 2,0 0,4 O,1

1972 59,4 41,0 15,6 0,3 2,1 0.3 O,1

I973 61,1 42,0 16,4 0,3 2,0 0,4 O,1

1974 63,6 44.4 16,4 0,4 1,9 0,5 0,1

1975 69,1 49,2 16,7 0,5 2,2 0.5 O,1

1976 72,2 51.5 17,1 0,6 2.5 0.5 0,1

1977 86,5 64,2 18,4 0,7 2,6 0,6 O,1

1978 87,0 62,9 20,2 0,7 2,7 0,5 0,1

1979 !_d,8 64,8 22,2 0,8 2.5 0.6 O,1

1980 95.5 69,7 22,4 0,7 2,4 r 0.3 0,|
1981 102,7 74,1 24,1 0.8 2,8 0.9 0,1

_1982 109,2 78,4 25,5 1,2 3,1 1.0 0,2

1983 118.5 8.5,7 26,7 1,4 3,4 1,2 0,2

1984 122,5 86,8 28,6 1,7 3,9 1,4 0,2

1985 13.1.3 94,8 31,4 2,0 4,5 1.6 02

1986 143,6 I01.5 32,9 2,8 5.0 1,4 0,2

1987 152.1 108,5 33,7 3,2 5,0 1,7 0.2

1988 163,8 117,4 35,3 3,5 5.5 2.0 O,2

`_._`_._``_.._`_.._.`._..._¢_.._._e.._....._...e_.e.._._._._......_..._...`..e.`¢__..._..__.____._.`...._'

'Emission estimates rot, nded and expres,,_ed in n'dllton metric tons of carbon; per capita estimates rounded and

e×pressed in metric tons of carbon,
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Oak Ridge, Tennessee 37831.-6335 ¢,_ 225 - Total - ....
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U.S.A, ,

Sponsoring agency ,, I..0.

U.S. Department of Energy ! 2_O I___....

Carbon Dioxide Research Program "_ 150

Period of record-:- 1950-1988, [ ' '

Method-Global C02 emission estimates _! Or" ' ""'" .... ",,, .. *',,derived primarily from the U;N, energy , i "_

statistics were calculated by using the :i _ 75 '_'-' - *"

methods of Marland and Rotty (1984). The --"_ _,........,_X, _.....
energy data were compiled from U,N. ::! ._"_"

questionnai, es supplemented by national i ......._' ...., ._., .-. , -". --
statistical publications. Data from the U.S, "_-" "" " .._ ' "" ' "
Bureau of Mines were used to estimate CO2 0 - --..,-,,..,.', _.,--'_'. _......,,,_,..,..,_,,-_,.2...,,,, ...............I _ I I I' I I ' 1 _.... f'
emitted during cement production,
Emissions from gas flaring were derived 1950 1960 1970 1980 199_
primarily from U.N, data but were C()2 emissions from the United Kingdom,
supplemented with data from the U,S,
Department of Energy and with a few global
and national estimates provided by "(,regg
Marhmd. 6 --

Data awillability- Global and national CO2
emissionestimates, along with the data used rO

,.,, 4
in calculating these estimates, are r- E_
documented and awfilable from CDIAC _. _ _
(Marhmd ct al, 1989). The U,N. energy o I:::L., ____.._'____ x....-- __.._._.._...._.t__

statistics are available on magnetic tape _ _ 2-
from lhc U.N. Energy Statistics Unit, The 3;
cement and gas flaring data are available
t'rom the U.S. Bureau of Mines and the U.S.

Department of Energy, respectively. 0- _ I , I _ 1 , r
1950 1960 1970 1980 , 199t

...................................................................................................,.,............................,................... i'er capita ('()z emission estimates for the United Kingdom.
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ii TREND
i CO2 emission,_in the United Kingdom

I dropped from 155.0 to 152.5million metric
tons during 1987-1988.This decline differs
from the general increasing trend observed i
during the previous three years (1984-1987)

i but conforms to the longer trend in whichemissions declined 19% from 1979 to 1984.

t After at least 23 years of increases in
emissions from liquid fuels and generally
declining emissions from coal burning, 1974
was the year inwhich emissions from both
fuels began to decline simultaneously.
Emissions from natural gas grew rapidly in
the late 1960sand early 1970sand have
continued to increase. Natura, gas burning
now accounts for nearly 20%of total
emissions of CO2. Total emissions were only

i 10.5% higher in 1.988than in 1950,by far the
--T :ismallest i_crease among the top 20 nations.

Over this interval the United Kingdom
1990

i_dropped from third to seventh in rank
among CO2-emltting nations.

Note-Growth rates were calculated (before
rounding) by performing a linear regression

"--q" of log CO2 emissions versus time and
1990 calculating the slope of the regression line.

v,....,., ..,,...,..,,,....v..,..,..,.. ,...,..............,.., ,.,..,.. ;...'.., ..,.........,.,......,.........,.v..v.....
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Carbon Dioxide Emission Estimates* REFEREN CES

Gas Per Keeling, C,D. 1973. Industrial production of

Year Total Solid Liquid Gas Cement flaring capita carbon dioxide from fossil ['llois and

1950 138.0 125.3 11.4 0.0 1.3 0.0 2,7 limestone. Tellus 25:174-198.

1951 150,3 134.2 14.6 0,0 1.4 0,0 2.9 Marland, G., and R.M Retry. 1984. Carbon
1952 145,7 129.7 14.5 0,0 1.5 0.0 2.9

1953 148,9 132,1 15,3 0,0 1,6 0,0 2.9 dioxide emissions from fossil fuels: A
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1968 166,8 102.2 60,3 1,7 2,4 0,1 3,0 f'ucl combustion: recent amounts, patterns,
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1984 142,4 48.5 63,1 27,2 1.8 1.8 2.5 ltztemational Etlet_,3' Annual. D( ) 1:)]/
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• Emission estimates rounded and expressed in million metric ions of carbon; per capita estimates rounded and

expressed in m.:tric tons of carbon,
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i BACKGROUND
160- Solids ...........

ii Principal investigator Liquids -- ....
i Gregg Marland Gases , -- ---. -

Environmental Sciences Division .... Flaring ., ....
Oak Ridge .National Laboratory Cement ..................... ._
Oak Ridge, Tennessee 37831'6335 O 120- Total ..... ...-- ..,,,_ .._" "
U.S.A

= / ,..........',.
Sponsoring agency I_. , j ,o,.-. \,,..o-

:I , ¢#¢

U.S. Department of Energy .O ,,

Carbon DioxideResearch Pi'ogram ._ 80- ,". _#_ _,1_ _

Period of record- 1950-1988. _ ." """ '

Method-Global CO2 emission estimates t-- o, ,
i1_i, _ _ _ '

derived primarily from the U.N. energy

statistics were calculated by using the _ 40 i/" 'methods of Marland and Rotty(1984). The

/energy data were compiled from U.N.

questionnaires supplemented by national I ....- "-""- "- " .....
statistical publications. Data from the U.S. / ....... ------- .,.,, ,,._, ,,,._, _ ' ,_,_, ,- .......
Bureau of Mines were used to estimate CO2 0 % ...... .... - .,.,,m_...... . . ,.............. ...........I 1.... I I 1 I I I 1

emittedduring cement pr_xluction. 1950 1960 1970 1980 1990
Emissions from gas flaring were derived
primarily from U.N. data but were CO2 emissions from Poland.

' supplemented with data from the U.S.,,

Department of Energy and with a few global
and national estimates provided by Gregg
Marland. 6 -

Data availability-Global and national C02 -
emission estimates, along with the data used O

_ r_ 4-
in calculating these est/mates, are _ r-
documented and available from CDIAC I.°. _
(Marland et al. 1989). The U.N. energy o It. "lh,,,

statistics are available on magnetic tape :' '_ _ 2 -
i 'from the U.N. Energy Statistics Unit, The _

!icement and gas flaring data are available :

i from the U.S. Bureau of Mines and the U.S. i 0 -
, i l _ I _ 1 l 1[ Department of Energy, respectively, i

1950 1960 1970 1980 1990

!.........................................................................................................................................................................,....i_ Per capita CO2 emission estimates for Poland.

108



CO2 Emissions
-_;::::_:::::::::"::::::::::":.::::::"::';:::::::::::::::_::_::::'::_:':":::::::::::::::::::::_::"::::::::::::::::::::::::::::::::::::::::':::"_:::':::-:::::::::.::::::::::::::::::::::::'4"::::::::ii:::::::::::::::::::::::_::::::'::::::::::::::

TREND

CO2 emissions from Poland climbed at a

remarkably steady rate of 4.4% per year
until 1980, when they dropped abruptly
(11..6%). CO2 emissions crept back up
throughout the 1980s and in 1987 they
exceeded the previous high in 1980.
Emissions are predominantly from coal

burning, 97% in 1950 and still 85% in 1988.
The drop following 1980 is apparent in rates

of liquid fuel burning but was predominantly
in coal consumption, Total emissions
increased over 4 times from 1950 to 1988,
with per capita emissions accounting for
most of the rise, increasing 2.65 times,

;0

:!

!,

i:

: Note-Growth rates were calculated (before
!_rounding) by performing a linear regression
_sof log C02 emlssionsversus time andi:

_ calculating the slope of the regression line.

' ii
.;......'.`._'_......_.._'._...'`..`._....._'..._._...........'...............'....'.....`'.,.`._.`........._..'._........_`.'.._......_...`_.._..._'....'..__._...'.._...'..._........_.'...._....`._-..__
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i

Poland
L

Carbon Dioxide Emission Estimates*

(;as Per

Year Total ,_lid Liquid Gas Cement flaring capita
1950 31,0 30,1 0,4 0,1 0,3 0,0 1.2

1951 33,7 32.8 0,4 0,2 0,4 0,0 1,3

1952 35.3 34.3 0.5 0.2 0,4 0,0 1.4

1953 38,4 37,2 0,6 0,2 0,4 0.0 1,5

1954 40,7 39,2 0,9 0,2 0,5 0,0 1,5

1955 42,6 40,8 1,0 0,3 0.5 0.0 1,6

1956 45,9 44,0 1,1 0,3 0.5 0,0 1,7

1957 49,3 47,2 1,2 0,3 0.6 0,0 1,7

1958 48,8 46.5 1.3 0.3 0.7 0,0 1.7

1959 52,3 49,8 1.5 0,3 0,7 0,0 1,8

1960 55,0 52,1 1,6 0,4 0,9 0,0 1,9

1961 57,2 53,7 1,9 0.5 1,0 0.0 1,9

1962 59,7 55.8 2,3 0,6 1,0 0,0 2.0

1963 63,6 59,4 2,6 0,6 1,0 0,0 2,1

1964 66,9 61,9 3,1 0,7 1,2 0.0 2,1

1965 68,0 62,1 3,7 0,9 1,3 0,0 2,2

19(_6 69,4 63,0 4.1 1,0 1,4 0,0 2,2

1967 71.2 64,0 4,4 1.3 1,5 0,0 2,2

1968 75,8 67,2 5,3 1,7 1,6 0,0 2,4

1969 80.6 71,0 5,7 2,4 1,6 0,0 2,5

1970 82.8 71,9 6.2 3,0 1,7 0.0 2.5

197) 85.2 73,7 6,6 3 1 1,8 0,0 2,6

1972 89,7 77,3 7,3 3.2 1,9 0.0 2,7

1973 91,1 77,3 8,3 3,4 2,1 0,0 2,7

1974 93,9 793 8,8 3,5 2,3 0.0 2.8

1975 101.8 85,3 10,0 4,0 2.5 0,0 3,0

1976 108,2 90,0 11.0 4,4 2,7 0.0 3.2

1977 113,6 94,1 12,1 4.5 2,9 0,0 3,3

1978 117,6 97,7 12,4 4,5 3.0 0,0 3,4

1979 120.5 99,7 13.3 4,9 2.6 0,0 3,4

1980 125.4 104,9 13.2 4,9 2,5 0,0 3,5

1981 110,8 92,6 11.5 4,8 1.9 0,0 3,1
1982 114,2 96,3 10.8 4,8 2,2 0,0 3,2

1983 114 4 96,5 10.7 5,0 2,2 0,0 3,1

1984 119,.J 100.9 11.1 5,1 2,3 0,0 3,2

1985 122,6 104,2 11,4 4,9 2,0 0,0 3,3

1986 124.5 105,3 11,8 5,3 2.1 0.0 3.3

1987 127,9 108,6 11,6 5,5 2.2 0.0 3,4

1988 125,3 106,0 11.9 5,4 2,0 0,0 3,3

_¢..__.._._.__'...¢__*.._e..'___:*..._..._._...*_..___._'._._.__Y'._._._.¢._.___..*...*__....*_...°.....*.

' Emission estimates rounded and expressed in million metric tons of carbon; per capita estimates rounded and

expressed in metric tons of carbon,
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Canada

BACKGROUND
i 120 Solids

Principal 'investigator
Gregg Marland i Liquids ...., Gases , ,,- ....
Environmental ' ......Sctences Dtvtsmn Flaring .......
Oak Ridge National Laboratory Cement ....................
Oak Ridge, Tennessee 37831-6335 tO 90 Total
U.S,A, m

Sponsoring agency F_.

U.S, Department of Energy 0 _._._.._ ....,_ %\Carbon Dioxide Research Program "a'_ 60-

Period of record - 1950-1988. "'_ _"/ N_- .......
/_-./Mettmd-Global CO?. emission estimates r-

derived primarily from the U,N. energy .O_ _._'"

statistics were calculated by using the _ 30 ,,.. _, ,;

methods of Marland and Rotty (1984), The "" _'7 ' ."" "" °
energy data were compiled from U,N... _ '_¢" ".. ''" ''' **" -_''' -" ;" "°_'"
questionnaires supplemented by national """" .......... .. "'": _ _'''" "'"" "'" "°
statistical publicat!ons, Data from the U.S, , ..-, "- ' "''
Bureau of Mines were used to estimate CO2 0 _,n___.,_,.,,,_-- ................... _ ........ .___
emitted during cement production.
Emissions from gas flaring were derived 1950 1960 1970 1980 1990,]
primarily from U,N. data but were CO2 emissions from Canada.
supplemented with data from the U,S.

Department of Energy and with a few global
and national estimates provkled by Gregg i

! Marland. i 6 -
I

i Data availability-Global and national CO2

, emission estimates, alongwith the data used O ___
i incalculatlngtheseestimates, are :! _ _ 4-

, documented and available from CDIAC lp.i (Marland et al, 1989) The U.N, energy _ii , o

i statistics are available on magnetic tape ii :_ nm 2-
i from the U.N. Energy Statistlcs [.,/nit,The
i. cement and gas flaring data are available :!

from the U.S. Bureau of Mines and the U.S.

Department of Energy, respectively. ' 0 , 1 , _ , _ _ ' r

i_ 1950 1960 1970 1980 199£!:

' ''' ' " ' ' '1' ' 'P''''' ...................... ' ............................. ' ' ' ' ' '''F ............. ' ''1' ' ' ''' '1''' ' ' ........... 1'1'1'' '1'1'1' ......... ............ ' '1' ''_:' Per capita COz emission estimates for Canada.
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CO2 Emissions

Driven by a 6,0% per year increase in ]
emissions front liquid fuels, total CO2 i
emissions fromCanada increased by a factor

. of 2,4 from 1.950to 1974, Continuing growth
until 1979was maintained by continuing
expansion of natural gas consumption and
an upturn in coal consumption, The
post-1979 drop was comparable to that
observed in the United States, and the
pattern from 1980 to 1986was erratic but
basically at a c6nstant level, During the past
2 years, emissions have increased by 4,6%
and 6,6%, respectively, Emissions from coal
burning comprised 63% of the total in 1950
but declined in both absolute and relative
terms until 1974, Since emissions from liquid
fuels turned down in 1974, emissions from
coal have turned backup, growing at an

, average rate of 5,0% per year, Iri 1988,coal
contributed 24% 'oftotal emissions, barely

_0 half of the liquid fuel contribution and
marginally less than natural gas, Per capita
CO2 emissions from Canada peaked in 1979
at4.9 metric tons of carbon per tpita, a
value exceeded only by the German
Democratic Republic and the United States
among the major CO2 emitting nations.

,

,,.Note-Growth rates were calculated (before
' rounding) by performing a linear regression

of log CO2 emissions versus time and
"r' calculating the slope of the regression line,

t
990
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Canada Enlisstons

,, ,...,,,, , , ,. ,,.., . .. .

Carbon Dioxide Emission Estimates* RI_I:I{RI_NCI!;S

Ga.q Per Keeling, C,D, 1973, Intlt;strial pr{,duct h'_a t_l'
Year Total SoUd ' Llquld Gits Cement .flaring capita {.'[ll'[';{}llclio×talc. I'l'Omfr,ssil I'uclsand
1{)50 42.3 26,6 1413 1,0 0,4 0,0 ' 3,1 limt'".ttm_, '['{'Hlcv25117.4-..1!7S,
1951 '44,6 26,7 16,5 1,l 0,4 0,0 32
1952 43,7 24,7 17,4 1,2 ' 0,'4 0,0 3,0 Marland, (;,, and R,M, R¢)lly, 1!78,:'1,Carbon
1953 44,0 22,8 19,1 1,3 0,5 0,3 3,0 dioxide c.missi_ms I'rc,m fossil l'ucls: A
1954 44,7 22,0 20,5 1,6 0,5 0,0 2,9 lu't_ccdurc t'c,r cst ituati¢m and results ['t_r
1955 ,16,4 19,9 23,4 2,0 0,5 0,6 2,9 l!t'_().-1982, 7i_lhts 36(B) ....... --.

1956 52,0 21,6 26,5 2,3 0,6 0,9 3,2 Marland, (1,, 'l',:\, llt_dcn, I(,C, (;rit'{'in,

1!757 50,0 17,9 27,3 3,0 0,7 1,1 3,0 S,[', l luang, t', Kimciruk, and ']',R, Nr.lson, ,

1958 49,8 15,7 ' 28,5 .3,7 0,8 l,I 2,9 198b_, [fslbtlales ¢_.fC'()2 emi,v,vicms fi'_,m
1959 50,5 14,7 29A 4,7 0,8 0,9 2,9 Jb,vsil ftt_'l burttit_,t_,utut cemrt_t mt mtt-1!_0 52,7 13,6 31,6 5,9 0,7 0,9 2,9

.fuctttrit_j', t,asrd _tt Itri' l It_ilc'd Nuticms1961 53,0 12,5 32,4 6,3 0,8 1,l 2,9
1_2 56,6 12,9 34,5 7,1 0,8 1,3 3,0 _!/l_'t_,_,,vtati,vri_'Sarid l/l_'//,,_', tltttT,att _f
1963 57,7 12,8 ._,6 6,1 0,9 1,2 3,0 Mitl(!S (:t't_lelll ttla/lllJilclllrillg d(lla,
19h54 64,9 14,3 392 9,3 1',0 1,2 3,a ()RNI,/C'll)IA('-'25, NI)I'-(IN}, ()ak l(itlgc

1965 (_,9 14,9 ,11,4 10,4 1,0 1,1 3,5 Nal itm al l,al _t_ratt_l'y, ( )ilk [(itlgc,
19(ffi 70,1 14,4 41,9 11,6 1,1 1,2 3,5 Tc l_l_t;sscc,

1967 77,0 15,7 46,8 12,3 1,0 1,1 3,8 Rt_tty, R,M,, and(l, Marla_(I, It'S(', Ft_s:,il
1968 81,7 16,6 48,9 14,0 1,0 1,2 3,9 I'tlt.'l t't_lt_l_tl.slit_t_:rt.;ccld al_(_tlrlls, i_itllcr_ls,

1%9 83,7 16,2 49,3 15,9 1,0 1,2 4,0 and tru mis _t' (X },,., pl _,484+ 5{1{I,l N
1970 90,6 16,1 55,1 !7,1 1,0 1,3 4,2 ,I,R, 'l'ral_alka and i),l'; I(t:ichlt' (eds,),
1971 93,5 15,3 57,4 18,4 1,l 1,2 4,3
1972 101,2 17,0 60,9 20,9 1,2 1,2 4,6 Tilt! (..'/la/lt,,itlg ('ar{,_,/I C'w{_'; :1 (;h,t,al
1973 101,7 14,2 62,6 22.3 1,4 1,2 ,1,6 ''rl/I[1!V'_'i'_'''qlU'itlg t!r"Vt'rlag'

1974 103,1 13'2 64,7 22'8 1'4 1'0 4,6 t initcd Nalitms, 1989, l'.)l_r\'v Statistics
, 1975 105,8 16,7 63,5 23,4 1,4 0,7 4,7 Yrart,¢,_,k lOST, I lnilcd Nations

1976 106,8 16,1 lM,6 24,1 1,3 0,7 4,6 l)cparl nit.,Ii1.t_l' [lilt rllatit_t_itl Ectmomic
1977 109,7 17,7 65,0 25,1 1,3 0,6 ,1,7 and S_wial Affairs, Sial islic'al ()l'l'tctr,
1978 I I 1,6 18,3 65,6 25,6 1,4 0,7 4,8 Nt;w York,
1979 116,0 19,6 67,7 26,3 1,6 0,8 4,9
1980 115,8 21,3 65,9 26,4 1,4 0,9 4,8 tj,S, l_urcatt of Mitlcs, 1_188, {_[itlt'ral,v
1981 112,1 22,1 62,0 25,8 1,4 0,8 4,6 _,'eart,_u,k, 1'_,1, I, Alrlal.v, Alitlrrul.v, atul
1982 108,3 23,3 56,8 26,2 1,1 0,8 4,4 l;'lwl,v, Washi_glon, !),( '.

1983 106,8 24,9 53,0 27,0 1,1 0,8 ,1,3 i 1..I,S,1.)¢parll_lt:tl{ t_l' } !tlt:rt_y, I{)SS,
1_3.q4 110,6 27,2 52,2 28,8 1,2 1,2 ,1,,1 i Itth,rll(lliotl_l/I"ll{'/l_' ,'I/l/llla/, l)( )1;,/

1985 109,6 26,8 50,0 30,1 1,4 1,4 4,3 _ I;',l,,\-{)21_(SS), !:!,wrt',y In['_rmallt_l_

19_16 107,1 24,8 50,5 29,0 1,4 1,3 4,2 i Admiai,,,Iratlt_n, \V,:tsl_ingl,_n, I.),('.
1987 112,0 27,1 52,,1 29,6 1,7 1,3 4,3 _ '
1988 119,4 28,9 54,9 32,5 1.7 1,4 4,6

.._'_..'.'.'...`._._.'.'.'_e'`..''.'`.__..``_''..'_'__.._'._.''`'`'_..._._'`'`'..._._.'_..____'_.`'`'...._.. ! ......

*lgmlsslonestimates rounded and e×pressed in million metric tons of carbon; per capita esl hnates rounded and ....................................................................................
expressed In metric tons of carbon,
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, Italy

BACKGROUND 120-4 $ollda ...... • ....
IhqnclpalInvestigator | Liquids -- -- -- --,

GreggMarland -I- Gases , --, -_-, -
Environmental Sciences Dtvaslon ._ Flaring ...... ' _ _. _,_
Oak Rtdgo National Laboratory Cement .................... _ _ V V
Oak Ridge, Tennessee 37831-6335 C) 90- Total _ / V

U,S,A, /
Sponsoring agency k

U,S, Department of Energy O / 11,/- x- - ""'N..,_,._Carbon Dioxide Research Program "._. 60

of record- 1950-1988, u.,_ //Petite!

Method Global ' ", ' t" //- CO,,enussion estimates 0
dertved primarily from the U,N, energy , _._ /,_

statisticswere calculated by using the _ 30- //methods of Marland and Rotty (1984), The

energy data were compiled from U,N, -- ,,.. _., --,...,.rr'.. "
questionnaires supplemented by national _...._.. ...... • ............. _..., rc- '........
statistical pubhcations_ Data from the U,S, _ -- , _,,, ,_, ,,-,,.,,,,_-,,'........... ._
Bureau of Mines were used to estimate COx 0 u...... -,,'t,,,, -. ........... - : --. ..... --. -....I ....... i _ I ' ' _ ......... 1.... I '1'

emitted during cement production, 1950 1960 1970 1980 19f;
Emissions from gas flaring were derived
primarilyfrom U,N, data but were C02 emissh;ns from Italy.
supplemented with data from the U,S,
Department of Ener&y and with a fewglobal
and nalional estimates provided by Gregg
Marland, 6

Data availability-Global and national CO2
emission estimates, along with the data used O

in calculating these estimates, are _ _. 4-
documented and available from CDIAC tp- _0)

t (Marland et al, 1989),The U.N, energy o _

statistics are available on magnetic tape "_ _ 2- _ _..._,
from the U,N, Energy Statistics Unit, The __, ._ -"-'- -"-
cement and gas flaring data are available
from the U,S, Bureau of Mines and the U,S, _ "
Department of Energy, respectively, 0 _ 1 _ _ '" _ I , _-

!
1950 1960 1970 1980 19901

'..........................................................................................................,,,,..... Pcrcapita COz emission esthnates for Italy.
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C02, Emissions

TREND

As was the case ['ormany industrialized
nations, CO2 emisslonsfrom Italy rose
steeply from 1950until the growlh was
abruptly terminated in 1974,Since 1974,
emissions from liquid fuels havo vacillated
but generally declined, dropping from 75 to
60% of a static, but vacillating, total,
Significant increases in natural gas
consumption and a slight upturn in coal
burning have compensated for the drop in
oil consumption, Coal usage was virtually
constant from 1950to 1974anti has nearly
doubled since 1_4, Per capita CO2
emissions grew rapidly from 1950to 1974,
increasing by a factor of 7, but have been
nearly constant since 1974.

Note- Growth rates were calculated
i (before rounding) by performing a linear

"r :iregression of log CO2 enaissionsversus time
i990 _iand calculating the sit)pe of the regression

iiline.
....... ,, ........................... .......... , .......................... , ...... ,....... , ............. ,
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Italy ,
_¢:::::_::I:::::_.:::::_:...`:`::::::;:::_`::1:::.:::::::::::::::::::::::::::::::::::::I:::_::::::::::_:::::_:_::_:::::_::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::`.:::::_:.:::::::._.+.::Y.::::::::::::::::::::::::::..:::`:::::`:_._::::_:::::::::::::::::::::::::::::::::_::::._::::::::._.::::::::::::::`:::::_::::::::::_::::_`:_:_:::::_:::::_:::::::::_`:::`:::::::::`:::::::`:::::::::::::::::::::::::::::::W:::::::::::::::::_:::_¢::::::$$:.`:_`_:::::::::::::::`:_:`.:_.`_``:_.`::::_:::::_.::_:_:_.::::`:_:::::_.::::::::::::`:::::_:::::::_::::::::._::.;:::_:¢:::::::_'_:

Carbon Dioxide Emission Estimates*

Gas Per

Year Total ,_flld l,hluld Gas Cement flaring capita
1950 11A 6,8 3,7 0,3 0,7 0,0 0,2

1951 13,4 7,6 4,5 0,5 0,8 0,0 0,3

1952 13,9 7,2 5,1 0,7 0,9 0,0 0,3

1953 15,4 7,4 5,8 1,2 1,1 0,0 0,3

1954 17,9 73 7,4 1,5 1,2 0,0 0,4

1955 20,1 8,0 8,8 1,9 1,4 0,0 0,4

19_6 22,9, 8,6 10,6 2,3 1,5 0,0 , 0.5

1957 23,9 8,2 :11,5 2,6 1,6 0,0 05

1958 24,1 %4 12,2 2,6 1,7 0,0 0.5

1959 25,8 7,2 13_6 3,1 2,0 0,0 0.5

1960 30,1 7,7 17,0 313 2,2 0,0 0,6

1961 34,2 8,3 20,0 3,5 2.5 0,0 0,7

1962 40,2 8,8 ZcJ,1 3£ 2,7 0,0 0,8

1963 45,2 9,0 29.5 3,7 3,0 0,0 0,9

1964 48,3 7,7 33,6 3,9 3,1 0,0 0.9

1965 51,8 8,4 36,6 4,0 2,8 0,0 1,0

19(h6 58,3 8,7 42,2 4,3 3,0 0,0 1,1

1967 64,8 9,7 46,8 4,7 3,6 0,0 1,2

1968 69,2 9,0 50,7 5,5 4,0 0,0 1,3

1969 74,4 9.1 55.0 6.1 4,3 0,0 1,4

1970 78,0 9,1 58,4 6,0 4,5 0,0 1.5

1971 80,9 8,4 61,3 6,8 4,3 0,0 1,5

1972 84,9 8,0 (:,4,4 7,9 4,6 0,0 1,6

1973 92,0 8,1 70,0 8,9 4,9 0,0 1.7

1974 93,5 8,7 69,9 10,0 4.9 0.0 1,7

1975 88,6 8,4 64,1 llA 4.7 0.0 1.6

1976 96,2 83 68,9 13,8 4,9 0,0 1,7

1977 93,6 8.6 (gl,3 13,6 5,2 0,0 1,7

1978 98,0 9.2 69,5 14,2 5.2 0,0 1,8

1979 102,8 10.5 73,1 13,8 5,3 0,0 1,8

1980 101,6 11,7 70.0 14,2 5,7 0,0 1,8

198 [ 99,8 12.5 67,9 13,7 5,7 0,0 1,8

1_2 96,8 13,2 63,8 14,4 5,4 0,0 1,7

1983 93,6 11,6 62,6 14,0 5,3 0,0 1,6

1984 95,7 14,5 59,5 16,6 5.1 0.0 1,7

1985 97,8 15,8 60,0 17,0 5,0 0 0 1,7

1986 93,1 14,3 57.8 16,2 4,8 0,0 1.6

1987 98 5 15,1 60,6 18,0 4,9 0,0 1.7

1988 98,1 14.5 59,3 i9,2 5,1 0,0 1,7

_._._.._.`_._._._._._._._._._._._.._._...._._.._.._.'_._.

*Emission estimates rounded and expressed in million metric Ions of carbon; per capita estimates roundedand
expressed in met ric torts of carbon,
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BACKGROUND
120 Solids ...........

Principal investigator Liquids
Gregg Marland Gases
Envi e 1S ience Divisi Fla ingronm nta c s on r ..------

Oak Ridge NationM Laboratory ii Cement ....................

Oak Ridge, Tennessee 37831-6335 I f..) 90 Total ,

U.S.A, oo

, $ ' ' m,mm

Sponsoringagency !_. ".' . , ,, ,,,U.S. Department of Energy ii .0 .,, ..... ,

Carbon Dioxide Research Program ::! ._ 60
Period of record-- 1950-1988.

Method-Global C02 emission estimates t::

derived primarily from the U.N. energy ._O--

statistics were calculated by using the _. 30
methods of Marland and Rotty (1984). The

energy data were compiled from U.N. ..- _.... _.....
questionnaires supplemented by national _ "_'._'" ....
statistical publications. Data from the U.S, --- ,,,,...,, ............... ;.........

Bureau of Mines were used to estimate CO2 : 0 I 1 i 1 ...... i' I I I'

emitted during cement production; : 1950 1960 1970 1980 1990
Emissions from gas flaring were derived
primarily from. U.N. data but were CO2 emissions from the German Democratic Republic.
supplemented with data from the U.S.

Department of Energy and with a fewglobal ii

and national estimates provided by Gregg 15-

Marland. ' .
Data availability-Global and national CO2

: emission estimates, along with the data used ¢0
' [ in calculating these estimates, are t:::°__ 4 -

i. documented and available from CDIAC _ 1.9-
i (Marland et al. 1989). The U.N. energy _:? o

LI.

: ,1_ L

! statistics are available on magnetic tape _ _. 2 -
.! from the U.N, Energy Statistics Unit, The

_.

il cement and gas flaring data are available _!

i from the U.S. Bureau of Mines and the U.S. i 0 - _ i , l _ I ,
Department of Energy, respectively. ::i

i 1950 1960 1970 1980 1990
i :: Per capita CO2 emission for the German Democratic Republic.:_,.,,,,,,..,...,..,,..,._.,.,,,,.,,,,..............,2..,.,,..,,............_.__................_................._....._........_........_..._.........._...._........`._:

114

ni' '" l' ilr



C02 Emissions
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ii
!i TREND

CO2 emissions from the German

Democratic Republic grew steadily from
1950 to 1964 and then stalled for 5 years
before dropping by14% in 1970. Emissions
have grown slowly but steadily since 1970,
Per capita emissions have been comsistently
high and since 1982 have been the highest
among the major economies of the world.
The current level is 5,4 tons of carbon per
capita, 2.3 times the 1.950value. Growth to
1970 was based largely on coal consumption,
with coal contributing as much as 91% of
emissions in 1969 and still over 79% in 1988.

Petroleum became a significant contributor
in the mid-l%0s and, in spite of dropping
slightly since 1980, still contributes 14% of
CO2 emissions,

_0

Note-Growth rates were calculated

(before rounding) by performing a linear
regression of log C02 emissions versus time
and calculating the slope of the regression

:. line.
:'...,, ........................................................................................... ......... i. ................
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German Democratic Republic coz
Carbon Dioxide Emission Estimates* ..............................................................................................................................................................................................................

REFERENCES

Gas Per Keeling, C,D, 1973, Industrial production of
Year Total Solid IAqu|d Gas Cement flaring capita
1950 43.5 43,3 0,0 0,0 0,2 0.0 2.4 carbon dioxide from fossil fuels and
1951 47.6 47,2 0,2 0,0 0,2 0.0 2,6 limestone. Tellus 25:174-198_

1952 50,4 49.7 0.4 0.0 0,3 0.0 2.8 Marland, G., and R,M, Rotty, 1984, Carbon
1953 55.8 55,1 0,4 0,0 0,3 0,0 3.1 dioxide emissions from fossil fuels: A

1954 58,7 57.8 0,6 0,0 0,4 0,0 3,2 procedure for estimation and results for
1955 63.2 62,4 o.4 0,0 o.4 fa.o 3,5 195(I-1982. Tellus _;(B):232--61.
1956 64.8 63,7 0.7 0.0 0.4 0.0 3.6 , . -
1957 67.0 65.6 0,8 0.0 0.5 0,0 3.8 Marland, (;., T.A, Boden, R,C, Orfft_n,
1958 68.2 67.0 0.7 0.0 0.5 0.0 3.9 S.F. Huang, P, Kanclruk, and T.R. Nelson,
1959 68,8 67.5 0.7 0,0 0,6 0,0 4.0 ] 989. Estimates of C02 etnissionsfrom

1960 71.9 70.3 0,9 0.0 0.7 0.0 4,2 fossilfttel bunffngand cement manu-

1961 75.7 73,8 1,1 0,0 0,7 0,0 4,4 ' facturing, based on the United Nations

1962 79,3 77.1 1,4 0,0 0,7 0.0 4.6 energy statistics attd tilt: U.S, Bttreatl of
1963 81.6 79.0 1.8 0.0 0.7 0,0 4.8 Mines cement mantlfacturing data,
1964 84.1 80.8 2.5 0.0 0.8 0,0 4.9 ' ' 5()RNL/CDIA(..-2., NDP-0N). ()ak Ridge

1965 82,6 78.7 3.0 0,0 0.8 0.0 4,9 National Laboratory, Oak Ridge,
1966 83.1 78,2 3,9 0,0 0.9 0,0 4,9 Tennessee.
1967 80,8 75.6 4.2 0.0 1,0 0.0 4,7
1968 81.8 75.6 5,1 0,1 1,0 0,0 4,8 Rotty, R,M,, and (3, Marland, 1986, Fossil
1969 85,6 78.2 6.3 0,1 1,0 0.0 5,0 fttcl combustion: recent amounts, patterns,
1970 73.8 65.0 7.4 0,3 1.1 0,0 4.3 and trends of C()2, pp. 484-500. IN
1971 75,1 65,7 7,8 0,5 1,2 0,0 4.4 J,R, Trabalka and D,E. Reichlc (eds,),

1972 74,5 62,6 9,8 0,9 1,2 0.0 4,4 "Hie Changing Ca_q_on ((vcle: A Gh)bal

1973 75,6 62,1 10.5 1,6 1,3 0,0 4,5 Analysis, Springcr-Ver[ag,

1974 75.6 61.1 10,5 2,7 1,4 0,0 4,5 United Nations, 1989, Eneth'y Statistics
1975 75.9 60,7 11.1 2,8 1,4 0,0 4.5 Yearbook 1987, United Nations
1976 77.9 61,3 12,0 3,0 1.5 0.0 4.6
1977 79.9 62,0 13.2 3,0 1,6 0,0 4.8 Department of International Economic
1978 80.7 62,2 14.0 2,9 1,7 0,0 4,8 and Social Affairs, Statislical ()fficc,
1979 82,4 62,9 14,9 3,0 1,7 0.0 4,9 N ew Yt)r k,
1980 83,7 63,1 15.3 3,6 1,7 0,0 5.0 !,_J.S. Burcau of M ines. 1988. Minerals

1_1 84,0 63.2 15,1 4.0 1.7 0,0 5.0 .r_,arbook. I/ol, I, Metals, Minerals, and

1982 84,1 6412 14,5 3,9 1.6 0,0 5,0 Fuels, Washington, D.C.
1983 83,5 64..3 13.4 4.2 1,6 0,0 5,0
1984 86.0 67,1 13,2 4,2 1.6 0,0 5,2 U.S, Department of Energy, 19N'q,
1985 90.2 71,4 13,4 3,9 1,6 0,0 5,4 International KnerLq' AnntlaL D()E/
1986 91,1 72,1 13,1 4,3 1.6 0,0 5,5 EIA-0219(88), Energy lnformalion
1987 91,1 72.3 12,8 4,3 1,7 0,0 5,5 Admini:;tration, Washinglon, D,C.
1988 89.3 70,5 12,8 4,2 1,7 0,0 5,4

*Emission estimates rounded and expressed in million metric tons of carbon; per capita estimates rounded and ..................................................................................................................................................................................................
expressed in metric tons of carbon,
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France
....... _....... ,. ..,.,.,,,,_,,.,.,,, ..,........ _.,...,_..,°_,e ,, _,_, ..,t,,.'..:4.,:,'.'.,:.:,:... ""_°_."-'.,.,,,v

BACKGROUND 16o- Solids ...........

i Principal Investigator Liquids .....
GasesGregg Marland ......

' Flaring ...... ]_..I Environmental Sciences Division
Cement .................... ,_" \ rx/ \

i_ Oak Ridge, Tennessee 37831-6335
i U.S.A, e'-

i Sponsoring agency

U,S, Department of,Energy O _ / J-"_\.
Carbon Dioxide Research Program :: '._ 80 /" "\/%

Period of record- 1950-1988, _ __ .s/ I/" N_,_,• t-- .... ,=.,=.,..,..
Method-Global CO2 emission estimates .O_ ._'"'. .... .
derived primarily from the U.N, energy ..-__ '°*""" *°'" ,I ;,,l. ..... .,
statistics were calculated by using the _ 40 f ..,... . oO".....
methods of Marland and Rotty (1984). The / """o'*'" "'"" .,,

energy data were compiled from U.N, .._-" ... _-- , .- _-, _., ..-, -. , .-...
] questionnaires supplemented by national ... -- "" _,-, ...,

_il[ lill * ui I i i lill i lit lillllllll II Ii liillllllllll i i i i i i i i i i t t i i i

i statistical publications, Data from the U.S, 0 ............. .'_'_"'" ......... -'-- ........ "--- .....
Bureau of Mines were used to estimate CO2 ' I ' I ' I ' .... I'

i emitted during cement production. _ 19 i0 1960 1970 1980 1990
! Emissions from gas flaring were derived !: C02 emissions from France.
i primarily from U.N, data but were ,_

! supplemented with data from the U.S,
Department of Energy and with a few global <
and national estimates provided by Gregg <
Marland. :_ 6

Data availability-Global and national CO2
emission estimates, along with the data used _ O 4
in calculating these estimates, are :_ _

documented and available from CDIAC i.°.
(Marland et al, 1989), The U.N, energy ,o
statistics are available on magnetic tape :_:_ 1_ _" 2
from the U,N, Energy Statistics Unit, The
cement and gas flaring data are available

from the U,S. Bureau of Mines and the U.S, :_ 0 I _ 1 , i _ I _ fDepartment of Energy, respectively,
" 1950 1960 1970 1980 1990

............................................,,....................,.......................................................................................................................1 Per capita C02 emisshm estimates for France.
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CO2 Emissions

TREND
The CO2emissions history of France is

strikingin the decline in emissions that has
occurredsince 1973, particularlysince 1979,
The country total since 1973is virtually a
reflectionof the decrease in liquid fuel use,
although a late 1970sbulge in emissions
from solid fuels and continuingincreased
useof naturalgas pushed the 1979value
above the 1973total, CO2emissions in 1950
were 83% from coal, but coal use declined
steadily from 1963 to 1975,and even the late
1970sbulge appears to have been a
temporary reaction to world oil price
increases. By 1988only 18%of emissions
were fromc0al, and naturalgas was

creeping toward 15%.Francemadea major
commitmentto nuclearpower and nuclear
power generation grewrapidly from about

•--y 1975until it contributed 76%of total
electricity generation irt1987, France is a

"1990 net exporter of electricity,Extensive use of
i: nuclear power has clearly restrained CO2

emissions from France; per capita emissions
declined regularly from the 1973 maximum

_until the 1988 value, which is near that
observed 33 years earlier. COz emissions in

, _i1988were 36% less than the 1979maximum,
..

il i

! Note- Growth rates were calculated i

I (before rounding) by performing a linear iregression of log CO2 emissions versus time !

--T I and calculating the slope of the regression i

1990 iiline'
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Mexico

BACKGROUND
' _00 - 8ollda ..........,

lh_n¢l_', Inwsllgator Llqulda .....
OreggMarland Gases ......
EnvironmentalSdences Division Flaring ..--..-. A ' ._'
Oak Rtdg_ National Laboratory
Oak Ridge, Tennessee 37831-6335 tO 80 CornentTotal"....................... / _'_
U,S.A, /Sponsoring agency _= 60

U.S, Department of Energy .O / //--_,/,_-"'_'Carbon Dioxide Research Program

Periodof record- 1950-1988, _ 40 J/ ///

Method- Global CO2 emission estimates _3 _ /,_"

derived primarilyfrom the U.N. energy := _'__ "" _ _'"
statistics were calculated by usingthe _ _'"
methods of Marland andRotty (1984). The 20 ,,"_
energy data were compiled from U,N, _ - =-- _"_"" --y '*- ' -- '
questionnaires supplemented by national _'_ imml , _i+I * 'II'IIi I i_I _ _ _

atatistical publications. Data from the U.S, 0 _,_,¢,._.+_...m_ _p,_++.o_,_ _7._,',',:',_,'.,',
Bureau of Mines were used to estimate COz '_ ' , t , i + , ' + _ -- , " r

emitted duringcement production, 1950 1960 1970 1980 19901
Emissionsfromgasflaringwerederived
primarily from U,N, data but were " CO2emissions from Mexico,
supplemented with datafromthe U,S,
Departmont of Energyand with a few global
and nationalestimates providedby Gregg
Marland, 6 -

Data availability-Global and national CO2
emission estimates, along with the data used O

. in calculating these esttmate_.,are _+ 4
documeated and available from CDIAC

(Marland et al.available1989).The U.N. energy ._are on magnetic tape ¢_ _ 2-_t ati_ti_

from the U.bt, Energy Statistics Unit, The

f cement and gas flaring data are available - _ -
from the U.S. Bureau of Mines and the U.S.
Department of Energy, respectively, 0- _ '"

' 1950 1960 1970 1980 199£_

Per capita COzemlsshm estimates for Mexico.
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CO2 Emissions

TREND

CO2 emissions from Mexicogrew
exponentially at a rate of 6,9%per year
front 1950 to 1982but tumbled abruptly
after 1982,Emissions growth was largely
based on increasing otl production, and
even in 1988, 71,6% oi'emissions worefront
petroleum products, the htght_stfraction of
any of the major emitting countries, Per
capita emissions also peaked ta 1.982and
were 16% lower by 1988,The impact of the
oUprice dislocations of the late 1970sand
early 1980s is also reflected Ina 74,5%
decrease In emissions from gas flaring after
1982. Consumption of natural gas has

, become increaaingly important in Mextco
and now contributes t6,2% of CO2
enatssions,

99O

Note-Growth rates were calculated

i (before rounding) byperforming a linear ,
-7 :' regression of log CO2 emissions versus time

l_CFJO and calculating the slope of the regressitm
t_line,
:!...,,,...,,...,,...,,, ..... ,, .... . ..... .,,..,.,... ....... ...........,,,J
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Mexico

Carbon Dioxide Emission Estimates*

Gas Per

Year Totlll _,lld i,iqttld Gas Cement fhtrlng Cill)iilt
1950 8,3 0,5 6,5 0,4 0,2 0,7 0,3

195l 9,5 0,6 7,3 0,5 0,2 1,0 0,3

1952 10,2 0,7 7,7 0,5 0,2 1,0 0,3

1953 10,0 0,8 7,5 0,6 0,2 1,0 0,3

1954 9,9 0,7 7,3 0,6 0,2 1,0 0,3

1955 lD,8 0,7 7,9 0,6 0,3 1,3 0,3

1956 11,5 0,8 8,5 0,7 0,3 1,2 0,3

1957 13,5 0,8 10,0 0,7 0,3 1,7 0,4

1958 14,8 0,8 10,3 1,3 0,3 2,0 0,4

1959 15,9 0,9 10,9 1,4 0,4 2,4 0,4

1960 17,2 1,0 11,7 1,7 0,4 2,4 0,5

1961 17,8 1,0 12,3 2,2 0,4 2,0 0,5

1962 17,,1 1,0 11.5 3,2 0.5 1,2 0,4

1963 18,1 1,1 11,7 3,2 0,5 1,6 0,4

1964 20,3 1,2 12,7 3,7 0,6 2,1 0.5

1965 20,5 1,1 12,9 4,3 0,6 1,6 0,5

1966 22,1 1,2 13,7 4,6 0,7 1,8 0,5

1967 2,1,6 1,4 15,4 5,4 0,8 1,6 0,5

:968 2.5,6 1,6 16,2 5,4 0,8 1,6 0,5

1969 27,9 1.7 18,3 5,3 0,9 1,7 0,5

1970 28,9 1,9 17,8 5,6 1,0 2,6 0,5

1971 31, I 2,1 19,7 5,5 1,0 2,8 C1,6

1972 32,5 2,2 20,6 6,2 1,2 2,3 0,6

1973 35,3 2,5 22,6 6,9 1,3 2,0 0,6

1974 39,5 3,0 23,1 7,2 1,4 2.7 0,7
1975 40,7 3,1 26,0 7,1 1,6 2,9 0,7

1976 47.5 3,2 32,4 7,1 1,7 3,1 0,7

1977 ,49,3 3,4 34,5 7,7 1,8 1,9 0,8
1978 57,6 3,9 39,4 9,5 1,9 2,9 0,9

1979 62,5 4,3 42,6 11,2 2,1 2,3 0,9

1980 71.0 4,3 49,4 12,4 2,2 2,7 1,0

1981 77,1 4,6 54.5 12,3 2,4 3,2 1,1

1982 86,9 4,5 54,5 20,6 2,6 4,7 1,2

1983 79,7 5,0 50,9 18,4 2,3 3,1 1,1

1984 77,4 5,1 53,6 14,2 2,5 2,0 1,0

1985 78,6 5,6 54,1 14,4 2,8 1,7 1,0

1986 77,6 5.5 54,8 13,5 2,7 1,1 1,0

1987 81,5 5,7 57,9 13,6 3,1 1,2 1,0
1988 83,7 5,9 59,9 13,5 3,1 1,2 1,0

'_._._'_._'_._._'`_._._._._._._'_._._._._._.._`...._`_

' li_,nllsslon estimates rounded and expressed In million metric tons of carbon; per capita estimates rounded and

e×prcssed ill I'llt_lrt¢ tolls Of carbon,
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South Africa

BACKGROUND
Principal investigator 80 - Solids ............

Liquids --------, /'--
GreggMarland Gases ........ / .
Environmental Sciences Division Flaring ,,---,.- / .,..
Oak Ridge National Laboratory Cemer-_t .................... /"./ .o"'-
Oak Ridge, Tennessee 37831-6335 f,.) 60 Total _-- _ ....... ] 0.'

U,S,A, _ _" "
¢: _ /"/°

Sponsoring agency _ _ ,'
f.--U,S, Department of Energs, O

Carbon Diexide Research Program "_ 40 ] ""'"" "'

Period of record- 1950--1988, _ /.-_- ..."
Method.-Global CO9. emission estimates r'- _ ,"." "°

derived primarily from the U,N, energy '---O _..... _---_'_-;-.-" "' . .
statistics were calculated by using the , _, 20 .... ,,-"
methods of Marland and Rotty (1984). The ' .. "°
energy data were compiled from U,N,

questionnaires supplemented by national _....'-"""'"---_" .....
slatistical publications, Data from the U,S, ._....._-- -" -- _" -- --
Bureau of Mines were used to estimate CO2 0 - .""" , ' . .... ,",'_ ................ _'...................... '-.............. '_'_l _ i ........... ' I _........ f
emitted during cement production,
Emissions from gas flaring were derived 1950 1960 1970 1980 1990
primarily from U,N, data but were C()2 emissions South Africa.
supplemented with data from the U,S.
Department of Energy and with a few global
and national estimates provided by (;regg
Marhmd, 6 -

Data availability- Global and national CO2
emission estimates, along with the data used 0

in calculating these estimates, are _ g 4
documented and awfilable from CDIAC t.9. _2
(Marland ct al, 198!)), The U,N, energy o t't.

k,,,,

statistics are available, on magnetic tape _ _. 2 - __ 'from the U.N, Energy Statistics Unit, The
cement and gas flaring data are available
from lhc U,S, Bureau of Mines and the U,S.

Department of Energy, respectively, 0 - , i , '1 , i _ r

1950 1960 1970 ' 1980 1.990
.......,...................................................,......................,,,.,.................,.............,,,,,,.,,,,,,,;i Per capita CO2 emission estimates for South Al'rica.
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CO2 Emissions
J

"_.:,:.lilz:.:.:.:.:.:_::.'.:.:::4.:.:,....,.,................,..,..............,,.,,......,,:..........,..1.,.....,.,.'.'.".".'.:.:.:.:.:.:.:.".',",'."._.:.'.1.::_.:,:.'..:,!_4.:;:4.:.:.:.:.:4.:.:.:.:+:.:.:.:.:.:.:.:.:::.::::::::::::.::::::::::_:'.:_

..,.,,,,,°,.°..,.,°,, °, .,. ....... .°,,. ......... .,,,., ........... , ............. ............ ,,°.°,_ ......... :

i TREND

t With a domestic economy powered by
I coal, CO2 emissions from South Africa have
f risen 4.7-fold since 1950, with 85-90% of

I emissions from coal With no natural gas,another 12% is currently from oil con -

sumpti0n, and the remainder is from cementmanufacture. The oil price problems so
i evident in other countries appear to have

!left only minor impact on South African

i CO2 emissions. Per capita emissions haveapproximately doubled since 1950.
:i

I It is appropriate to note that emissions
shown hereare by primary fuel, Conse-

quently, when liquid fuels are produced
' from coal, the emissions will still appear in

these tabulations as C02 from solid fuels.

!:

:!

iiNote,-Growth rates were calculated

ii (before rounding) by performing a linear
"T :i regression of log CO2 enfissions versus time

990 " and calculating the slope of the regression
ii line.
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SouthAfrica
COz Emissions

....,.,,.....,.,.,..,,.,...,,,,..,.,,,,......,.,.........,,......,,..................,........ w..__._..._...`...._....._..`_.._._._......._..._....__.._._..`_......__...._..`...._....._,..,...,.......v

Carbon Dioxide Emission Estimates* REFERENCES

Gas Per Keeling, C.D, 1973, Industrial production of
Year Total Solid Liquid Gas Cement flaring eapl_ carbon dioxide from fossil fuels and
1950 16.6 15,0 1.4 0.0 0.3 0.0 1.2 limestone. Tel/us 25:174--198.

_' 1951 17,8 , 16,0 1,5 0,0 0,3 0,0 1,3

1952 19.5 17.6 1.6 0,0 0,3 0.0 1,4 Marland, G., and R,M. Rotty, 11984.Carbon
1953 19.5 17,5 1,7 0,0 0,3 0.0 1,3 dioxide emissions from fossil fuels: A

1954 20.3 18.1 1,8 0.0 0.3 0.0 1.4 procedure for estimation and results for
1955 22.8 20.4 2.1 0,0 0.3 0.0 1.5 1.!)5(}--1982.Tellus 3,6(B):232_;1.

1956 24.0 21,4 2.3 0.0 0,3 0.0 1.5 Marland, (;,, T.A, Boden, R,C. Griffin,
1957 247 22..1 2,2 0,0 0:3 0.0 1.5 S.F. Huang, P. Kanciruk, and T.R. Nelson.( 1958 26.5 23.6 2,5 0,0 0.4 0.0 1.6

1959 26.0 23,3 2,4 0,0 0,4 0,0 1.5 1989. Estimates of C02 emissions from
1960 26.9 24,1 2.5 0,0 0,4 0.0 1.5 fossilfttel burning and cement matlu-

1961 28.1 24.9 2.8 0.0 0.4 0.0 1,6 J'aclttrittg, based on the United Nations
1962 29.0 25.6 3.0 0.0 0.4 0.0 1,6 ene_,3j statistics and tit(, U,S, Bureau _(
1963 30.1 26.6 3.2 0,0 0.4 0.0 1.6 Mines cetnent tnanttfactttring data.
1964 32.8 28.2 4,2 0.0 0.5 0.0 1,7 ()RNL/CDIAC.-25, NDP-030. Oak Ridge
1965 35,2 30.6 4,1 0,0 0.5 0.0 1,8 National Laboratory, Oak Ridge,
1966 35.3 30,0 4,7 0,0 0,5 0.0 1,7 Tennessee.

1967 36.8 31,1 5,2 0.0 0,5 0,0 1,8 Rolty, R.M., and G. Marland. 1986. Fossil1968 37.9 32.6 4.7 0,0 0.6 '0.0 1,8

1969 39.3 33,2 5,4 0,0 0.7 0.0 1.8 fuel combuslion: rc,cent anaounts, patterns,
1970 40.8 34.1 6,0 0,0 0,8 0,0 1,8 and trends of CO2. pp. 484--500. IN

1971 45,9 36.7 8.4 0,0 0,8 0,0 2,0 J.R. Trabalka and D,E. Reichle (eds.),
1972 46.8 38.0 8,0 0.0 0.8 0.0 2,0 7"he C'hanging Cad_(m C_vcle:A Gh)bal
1973 47.1 37,7 8,5 0.0 0,9 0,0 2.0 Ana!_,_'is, Springer-Verlag.

1974 47,9 38.5 8.4 0.0 1.0 0,0 1.9 U n itcd Nat ions, 1989, Enet_.v Statistics
1975 50;1 39.5 9.6 0.0 1,0 0.0 2,0 Yearbook 1987. United Nations

1976 52.3 41.1 10.3 0,0 1.0 0.0 2.0 l)eparlmcnt oi'International Economic .

1977 52,8 41.9 9.9 0.0 0.9 0,0 2,0 artd Social Affairs, Statistical ()fficc,1978 53,0 42,3 9.7 0.0 0.9 0.0 2,0

1979 56.9 46,8 9,2 0,0 0,9 0.0 2,1 Ncw Yor k,

1980 58.2 49,3 %9 0,0 1,0 0.0 2,1 U.S. Bureau o1'M ines. 1988. Minerals
1981 64,5 54.4 9.0 0.0 1.1 0.0 2.2 Yearbook. 1/ol. I, Molal& Minerals, and

1982 63.5 53.9 8.6 0,0 1.1 0,0 2,1 Fuels. Wash inglon, D,C.

1983 67,6 57.3 9,2 0.0 1,1 0.0 2,2 U.S. l)epartment of Energy. l!)88.
1984 72,6 62.4 9,1 0,0 1,1 0.0 2,3 International EnergvAntmal. DOE/
1985 73,7 63,6 9,1 0,0 1.0 0,0 2,3

1.O86 75.7 65.6 9.2 0,0 0.9 0.0 ' 2,3 . I_IA-(1219(88), Energy Information

1987 76,8 66,6 9.3 0,0 ' 0.9 0.0 2,3 AdnainistratiCm, Washinglon, D.C,
1988 77.5 67.0 9,4 r 0.0 1,1 0,0 2,3
_..._._._._._._._._.._._._._._._

°Emission estimates rounded and expressed in million metric tons of carbon; per capita estimates rounded and ..................................................................................................................................................................
expressed in metric tons of carbon.
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Australia
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:°.,,,,-,°-.,-,,,°,,,,,°,,,,,,,..,0°°..,....,...,.°,.,.°..,°,,°,,,,,, ...... ,.,.._,,°°,,,

BACKGROUND 80- Solids ...........

Principal investigator Liquids .....
Gregg Marland Gases

Environmental Sciences Division Flaring ...... _.
Oak Ridge'National Laboratory _ Cement .................... /--
Oak Ridge, Tennessee 37831-6335 O 60- Total ,,,

=' U.S.A,

Sponsoring agency i_.

U,S. Department of Energy .O

CarbOn Dioxide Research Program -_ 40

Period of record-- 1950-1988. _; _ .".'
Method--Global CO2 emission estimates t:: , i ' .o- .... ""

CmuB_ ,

derived primarily from the U,N, energy .--_- --" _. _
statistics were calculated by using the _ 20 _ ......... --_ -_--_ -.-'-x _,.-,
methods of Marland and Rotty (1984). The .- ....... " _,_ ""

#iii= =1m N m u =,11 _l_-

energydatawerecompiledfromU.N. "..... _"-
_ _=,,_" _

questionnaires supplemented by national _ _. _. _., ._, -- ' -"
statistical publications. Data from the U.S. -- "--_" ' "-- ' '

i Iii 111115111111111111141114111111111111111 I

Bureau of Mines were used to estimate CO2 0 - • - _ '_"--' ..... _' ':' _''I I 'l I, I ........ I 1 I'

emitted during cement production, :_ 1950 1960 1970 1980 1990/
Emissions from gas flaring were derived
primarily from U.N. data but were : CO2 emissions from Australia.
supplemented with data from the U.S.

Department of Energy and with a few global
and national estimates provided by Gregg
Marland. : 6 -

Data availability-Global and national CO2 ::
emission estimates, along with the data used O
in calculating these estimates, are _ _ 4-
documented and, available from CDIAC _

(Marland ct al, 1989). The U.N. energy .o la.
statistics are available on magnetic tape _ _ 2la. "_
from the U.N, Energy Statistics Unit. The _ 1

cement and gas flaring data are available _:

from the U.S. Bureau of Mines and the U.S. > 0
i I I I I l i I

Department ofEnergy,respectively, _ 1950 1960 1970 1980 19901

.........................................................................................,..............................................................................................PercapitaCO2 emissionestimatesforAustralia.
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CO2 Emissions
.-'-:':::::"::'._._:::.:_;_::::_'::::_:::::::""'':':.:.:.:.:.::',::_,•::.:._,.6 4,:..::_';.:.:.:.:.:..::_:-:::"_::':"••':':",':"•'_','::'•'"'::_::::::"::: .':,:'::_::::':::_,:: ::;::::_:::::'.:::::_::' : :::::_:_.I

...........:........................................................:..................................................................................................................................,]
, TREND t

' Australian COz emissions haveincreased

by a factor of 4.4 since 19.50,with a 2.2-fold
increase resulting from growing per capita
emissions and a 2.0-fold increase in
population, Emissions from both solid and
liquidfuels have grown (although emissions
from liquid fuels have been nearly constant
since 1981), and since 1969a steepgrowth in
gas consumption has occurred. Total
emissions have grown at an almost linear
rate of 1.34 million tons of carbon per year.
Coal remains the major contributor at 54%
cf the total. A sm'dl drop in emissions in
1983 is the only indication of the global
trauma in oil prices that marks the post-1973
period.

1990

, Note- Growth rates were calculated

(before rounding) by performing a linear
"-"-7 regression of log CO2 emissions versus time

1990 and calculating the slope of the regression
line.

,............................................................... ........................ , .................... , .......... •
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Australia

Carbon Dioxide Emission Estimates*

Gas Per

Year Total Solid Liquid Gas Cement flaring capita
1950 15,0 12.1 2.7 0,0 0,2 0.0 1,8

1951 16,2 12,6 3,4 0,0 0,2 0,0 1,9

1952 16,5 12,9 , 3,4 0,0 0,2 0,0 1,9

1953 16,3 13,2 2,8 0,0 0,2 0,0 1,8

1954 i8,6 14,0 4,3 0,0 0,3 0,0 2.1

1955 19,3 14,0 5,0 0,0 0,3 0,0 2,1

1956 20,0 14,0 5,7 0,0 0,3 0,0 2.1

1957 20,4 14,1 5,9 0,0 0,3 0,0 2,1

1958 21,2 14.4 6.5 0.0 0,3 0,0 2.1

1959 22,9 15.5 7,0 0,0 0,4 0,0 2,3

1960 24,1 16,1 7,6 0,0 0,4 0.0 2,3

1961 24,7 16,4 '7,9 0,0 0,4 0,0 2,3

1962 25,9 16,8 8,7 0,0 0,4 0,0 2.4

1963 27,5 17,4 9,7 0,0 0,4 0,0 2.5

1964 29,7 18,3 10,9 0,0 0,5 0,0 2,7

1965 33,0 19,4 13,1 0,0 0,5 0,0 2,9

1966 32,8 19,5 12,8 0,0 0.5 0,0 2,8

1967 35,2 20,5 14,1 0,0 0.5 0,0 3,0

1968 36,7 20,9 15,3 0,0 0,5 0,0 3,0

1969 38,8 21,3 16,8 0,1 0,6 0,0 3,1

1970 38,9 20,3 17,2 0,8 0,6 0,0 3,1

1971 40,0 20,3 18,0 1,1 0,6 0,0 3,1

1972 41,3 21,2 27,8 1,6 0,7 0,0 3,2

1973 43.8 21,8 19.6 1,8 0.7 0,0 3,3

1974 44,2 23.3 18.1 2,1 0.7 0.0 3.3

1975 45,2 23.7 18.5 2,3 0,7 0,0 3,3
1976 47,0 24,2 19.5 2.5 0.7 0.0 3,4

1977 50,7 26,2 20,7 3.0 0,7 0,0 3,6

1978 51,5 25,7 21,4 3,8 0,7 0,0 3,6

1979 52,4 26,5 21,1 4,2 0.7 0.0 3,6

1980 55,3 28,1 21,7 4,8 0.7 0,0 3,8

1981 58,4 28.9 23,1 5.6 0,8 0.0 3,9

1982 59,5 29,6 22.9 6,1 0,8 0.0 3.9

1983 56,7 29.2 20.7 6.2 0.7 0,0 3,7

1984 59,4 30,2 21,9 6,6 0,7 0,0 3,8

1985 59,7 32,6 19,3 7.0 0.8 0.0 3,8

1986 60,9 _ 32,2 20,3 7,7 0,8 0,0 3,8

1987 64,7 35,1 20,8 7,9 0.8 0,0 4,0

1988 65,8 35,8 20,9 8,2 0,8 0,0 4,0

*l:_misslon estimates rounded and expressed in million metric tons of cat'bort', per capita estimates rounded and
expressed in metric tons of carl:,on,
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Czechoslovakia
,:._. .,'4.i. _ ,_ ,, _, _,_, _. ,. ,_ • ,, ,. ,_, _, _, _ _. _. _. , _, , _. ,. v. _ ".' 'q. '"'"D °'_ _,' _'k' _. '..V :'4.,_) ',h. 4. 44. ...4 ....... ', ..4...,',. ,_.4, ,_ '.:_ '.::::_,_.:_::::_'o,,".;::::_g:_'.::_:::::::!:.'_:,':_'.._:_::..:',:._:-.__:_!:_'!1_:,._::1!:,':_._::_'_._._:._,:.:.:,:_.°.,:,:.:.:_'._:.44_..:..._:,:.:4.,'.:.:_::°,.:_:_:.:...:.:.1,.'.:,:_,,,%:.:,_:.:,:.:o.4.:_:°:e,,:.:._:.,.:.:,:,,_....:_,:..:°:_,.:_:,_..!.:°:,.,:,:.:.:,:._,a:°.+l+ 1_:+,,:4.!.,.:,:.,+o,.A<,,<_.,,:°...',,,e¢_,,,°,.,.e.°e:o,<°,o°°,'.,.°....,,,.+ a.._°Av,._o.+.°,.,.,°,,,,_,<o...,..e.,.o....,.o....°, , '.'.. ,' ...... _..,,_ ,,................................ e...................... •

BACKGROUND 80 - Solids ...... ,.....
Principal investigator Liquids .....

OreggMarland Gases ......
Flaring ...... __,_,,.,_._ ___Environmental Sciences D1vislon

Cement .................... / --
Oak Ridge National Laboratory C,360- TotalOak Ridge, Tennessee 37831 6335
U,S.A,

Sponsoring agency _" _ .""' ..... .," ...... .U,S. Department of Energy 0
Carbon Dioxide Research Program il '._ 40- ,,,/o..-,,..,..,.,'

Period of record- 1950-1988. ii ._7_,,.,""

Method-Global C02 emission estimates g "'"

derived primarily from the U,N. _rtergy !i "._ "'"statistics were calculated by using the ..-. 20.

methods of Marland and Rotty (1984). The ...._.--- "_ ""- '_. -- -- --
energy data were compiled from U,N, ...._ /
questionnaires supplemented by national ._'_" ...._m'_ _ _ , _

statistical publtcatmns, Data from the U,S, 0 ------,.,---...._.:--_,.,._,_,,._._,..--_,-,,,_._,..,.,_,,-,,-._,,-v.,_,.,_;
Bureau of Mines were used to estimate CO2 - I.... _ , _ , _ _
emitted during cement production. 19{i0 1960 1970 1980 1990
Emissions from gas flaring were derived
primarily from U.N, data but were CO2emissh,ns from Czechosh,wtkla.
supplemented with data from the U,S.

] Department of Energy and with a fewglobal
i and national estimates provkled by Gregg

! Marland ' , 6-

i Data availability-Global and national C02 : --

i emission estimates, along with the data used 0 _

in calculating these estimates, are td _ 4-
documented and available from CDIAC 1.9..
(Marland et al, 1989). The U.N. energy : o Ix.

statistics are available on magnetic tape "_ _ 2
from the U.N. Energy Statistics Unit, The
cement and gas flaring data are available
from the U.S, Bureau of Mines and the U.S.
Department of Energy, respectively. 0 - _ _ _ _ _ _ _ f

1950 1960 1970 1980 1990

...............................,.,,..,,,,,.,,,,:...................,,,..............,........................................,........................._! Per capita C()2 emissh,n estlmate_ for Czechosh,w_kh_.
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CO2 Emissions

TREND
Aside from a hiatus from 1965to 1967,

CO2 emissions from Czechoslovakia grew
continuously from 1950until 1978, Growth
after 1970was based on an increasing share
from petroleum products as consumption of
the dominant fuel, coal, has been virtually
constant since 1970,Coal contributed over
88% of total emissions in l_.Yo4,but this
share,dropped to 71,2%by 1988, Population
growth has not been an important factor in
Czechoslovakia, as reflected in the fact that
per capita emissions have followed the same
pattern as total emissions, albeit at a slightly
smaller growth rate, Natural gas first
became a 1% contributor to CO2 in 1957
and has now grown to 8,2%,with much of ,
that growth occurring in the last decade,

:0

Note-Growth rates were calculated I

(before rounding) by performing a linear i
regression of log C02 emissions versus time !i

1" and calculating the slope of the,regression :
line,

t 1 7) '1 'l1R END5 '90



Czechoslovakia
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'Romania

BACKGROUND
Principal investigator 60 - Solld_ •, ........ , /_

-, Liquids ...... __
Orel_ Marland , Gase_ ...... _ -
Environmental Sciences Division Flaring .... .-

Oak Ridge National Laboratory Cement ..............,...... _"Oak Ridge, Tennessee 37831-6335 O 45 Total .......
U,S,A,

Sponsoring agency t_
U,S, Department of Energy

Carbon Dioxide Research Program '._..30-
Period of record - 1950-1988. _1._ .
Method-Global C02 emission e,stimates r'- _ ., ,- ' ,--,I""

derived primarily from the U,N, energy .Q _/ .-" ,I ..'"'"
statistics were calculated by using the ,_ 15 _ ._, ._, ',,,,,/_,_"_,.. _,
methods of Marland and Retry (1984), The _./ .., j' ..,, / "_,.. _,
tmergy data were compiled from U,N, .I- , _,, .___
questionnaires supplemented by national _ , '_ ,...t..:_--
statishcal publieattons, Data from the U,S, .._,--._ ............................................

Bureau of Mines were used to estimate CO2 0 ............... ' i _1 ': _'U'_':'_':';'_,,1 I I _1 ..........I , I Iii _ '

emitted during cement production, I i i
Em sstons from gas flaring were derived 1950 1960 1970 1980 1990
primarily from U,N, databut were C()z emissionst'romRomania.
supplementedwith datafrom the U,S,
Department of Energy and with a few global
and national estimates provided by (;rcgg
Marland, 6 -

Data availability-, Global and national CO2
emission estimates, along with the data used 0

in calculating these estimates, are _ E) 4-
documented and available from CDIAC 1.9. _2

(Marhmd ct al, 1989), The U,N, energy ,_ _statistics
arc available on magnetic tape zd ,.,.ff 2 -

from the U,N, Energy Statisttca Unit, The
cement and gas flaring data are available -
t'romthe U,S. Bureau of Mines tmd the U,S, .-_'__-

Department o1'Energy, respectively, 0 - _ _ , i _ I _ f
1950 1960 1970 '1980 1990

................................................................... ' Percapita C()z emls_hm estimates for Ronlanh|,
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CO2 Emissions

TREND
Broad growth in the consumption of ali

three fuel types ft'ore 1950to 1.978has
supported COs emissions growth in
Romania by a factor of 1.1,3from 1950-1988.
P_:rcapita emissions grewby a factor of 8,0
from 1950to 1987and were at an aU-time

high irt1988, Romanta is the only top-20
emitt,_r for whtclt gas fuels are the major
contributor, a situation that has existed since
1959.Emissions from gas flaring are
proportkmal!y verysmall, Currently, 36,8%
of Romanian emissions are from natural gas,
_J,0% from solid fuels, and only 23.3% from
liquid fuels, Emissions have shown slow but
positive growth since 1978.

!

i

Note- Growth rates were calculated

(before rounding) by performing a linear
T regression of log COz emissions versus time
t90 and calctdating the slope of the regression

line.
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Romania

Carbon Dioxide Emission Estimates*

Gas Per

Y ea r Tola I _ II d L lqII ld Gas Cemen i fla rlng cii pl la
I()SO' 5,3 I,8 1,7 1,7 0,I 0,0 0,3

1951 6,2 2,0 2,1 1,8 0,2 0,0 0,4

1952 7,3 2,4 Zfi 2,1 0,2 0,0 O,.1

1953 8,4 2,6 2,9 2,6 0,3 0,0 0,5

1954 9,2 2,8 3,4 2,7 0,2 0,0 0,5

1955 t0,0 3,1 3,8 2,9 0,3 0,0 0,6

1956 11,I 3,3 4,3 3.3 0,3 0,0 0,6

1957 12,5 3,5 4,7 3,9 0,3 0,0 0,7

1958 13,6 3,7 5,1 4.5 0,3 0,0 0,8

1959 13,8 3,9 4,6 5,0 0,4 0,0 0,8

1960 14,6 ,1,2 _,6 5.5 0,4 0,0 0.8
1961 15,2 4,4 4,5 5,9 0,4 0,0 0,8

1962 17,4 5,1 4,9 6,9 0,5 0,0 ' 0,9
1963 19,0 5.5 5,3 7,6 0,6 O,O 1,0

1964 19.7 5,7 5,1 8,2 0,6 0,0 1,0

1965 21.5 6,1 5,5 9,1 (1,7 0,0 1,1

1966 23,0 6,6 5,7 9,8 0,8 0,0 1,2

1967 2.q,1 7,2 6,?, '10,8 0,9 0,0 1,3

1968 27, 3 8,1 6,8 11,,1 1,0 0,0 1.4
19(/) 30,4 9,2 7,6 12,6 1,0 0,0 1,5

1970 32,6 10,2 8,l 13,0 1,1 0,1 1,6

1971 _1,3 10.4 8,7 13,9 1,2 0,2 1,7

197. 36,0 11,0 9,1 14,2 1,3 0,4 1,7

1973 39,5 12,4 10,3 15,1 1,3 0,4 1,9

1974 41.0 12,8 9,5 15,6 1,5 1,6 1,9

1975 44,2 13.5 10,.,3 16,9 1,6 1.9 2,1

1976 47,4 1314 11,6 18.5 1,8 2,1 2,2

1977 48,4 13,7 12,9 19,6 1,9 0,4 2,2

1978 52.7 t5,3 14,7 20,2 2,0 0,4 2.4

1979 53,2 16,4 14,_1 19,5 2,1 0,,1 2,,1

1980 54,5 17.2 14.5 20,2 2,1 0,4 2,5

1981 5,1,1 17,7 12.7 21,3 2,0 0,5 2,4

i 982 53,,1 16,8 12,5 21,6 2,0 0.5 2,4

1983 54,8 19,6 11,4 21,5 1,9 (I,5 2,,1

1984 54,5 19,6 11,1 21,4 1,9 0,5 2,4

1_5 55,9 20,3 12,0 21.5 1,7 0,5 2,5

1986 56,4 20,6 12.0 21,,1 1,9 0,5 2,5

1987 59,2 21,6 13,3 21,9 1,9 0,5 2.6

1988 60,2 21.7 14,0 22,1 1,9 0,5 2,6

' Emission estimates rounded and expressed 111million metric tons of carbon; per ctlplia estimates rotmdcd and

expressed in metric lolls of c,_trbon.
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Republic of Korea.

-.. H.,,,....., ........... , ............... , ....... . ..... ., ..... ......,.., ........ ,°,

BACKGROUND 'i, 60 Solids ...........

Principal investigator i Liquids ..... ,
Gregg Marland i{ Gases ....... /
Environmental Sciences DivisiOn i Flaring ...... [
Oak Ridge National Laboratory ii Cement .................... ,,/
Oak Ridge, Tennessee 37831-6335 ::i tD 45 Total _

Sponsoring agency !
U.S. Department of Energy _i ._O

Carbon Dioxide Research Program g _0

Period of record- 1950-1988. _ / ,"''""

Method- Global CO2 emission estimates r-- f /7._/_.. /derived primarily from the U.N. energy O //statistics were calculated by using the __ 15

methods of Marland and Rotty (1984). The , J ... _,f[... ,°""
energy, data were compiled from U.N. _ .... .,,_,:¢_,- .... "
questionnaires supplemented by national _"" .... ,,ct., ....

i_statistical publications. Data from the U.S. 0 =" - "--'--"--'_----- ............'"'-' .............._'-" ......."' --.----_,
il Bureau of Mines were used to estimate CO2 t =-" I ' ' ' ( _ I , I

emit ted during cement production. 1950 1960 1970 1980 199t
Emissions from gas flaring were derived
primarily from U.N, data but were CO2 emissions from the Republic of Korea.
supplemented with data from the U.S.
Department of Energy and with a few global

and national estimates provided by Gregg 6 -
Marland.

Data availability-Global and national CO2 -

emission estimates, along with the data used O t-- 4 -
iu calculating these estimates, are _
documented and available from CDIAC _ • -12..
(Marland et al. 1989). The U.N. energy : o ._
Statistics are available on magnetic tape :i '_ _ 2 ,-

_:from the U.NI Energy Statistics Unit. The ii _ _

cement and gas flaring data are available ii _-_--.---'--
:i from the U.S, Bureau of Mines and the U.S. ! 0 - -- ..........
i Department of Energy, respectively, !i , _ _ _ _ _ , l

ii 19_i0 1960 1970 1980 199_

........................................................................................................................................................................................................_ Per capita C02 emission estimates for the Republic of Korea.
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TREND
Even thoughminoroffsets in the growth

of CO2 emissions from the Republic of
Korea may haveoccurred during the late
1970s, the last38 years havebeen dominated
by growth that averaged 11..4%per year and
totaled almost 93 thnes as muchCOz in 1988
as in1950, Per capita emissions have

_ increased by a factor of 44.3. Initialgrowth
was based on coal, but oil consumptiongrew
rapidlyfrom 1965to 1979and was the major
sour_ of CO2emissionsfrom 1970 until

:_1983, at which time oil use was staticand
E

coal use wasgrowing rapidlyagain,Natural
gas became a significantcontributor of CO2
for the first time in 1987as the Republic of
Korea increased imports of liquidnatural
gas.The indicationis that emissions from

:..liquid fuelswere starting to increase again
'--'y after 1985.

1990

4" :::

Note-- Growth rates were calculated

ii}(before rounding) by performing a linear
"-'T _ regression of log CO2 emissions versus time

"1990 and calculating the slope of the regression
I line.
¢............................... ,,,,, ................................ , .............................
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Brazil
°'""°" _'""'°""*"""'"°'°'"'°'°"°°'°"/"°" '"'"*'°'"'°"°""°°'" ..... '"'° ..... "'"1

BACKGROUND l 60 -4 Solids ...........
Principal Investigator ] Liquids i

Gregg Marland " Gases • "
Environmental Sciences Division Flaring .... , -- ]_
Oak Ridge National Laboratory Cement .................... / \ ___/
Oak Ridge, Tennessee 37831-6335 tO 45 - Total ...... /

[U.S.A, t--m /"' ' ,'Nf,/\
I Sp°ns°ring agency _" f ,'-/'_-",...i
[ U.S. Department of Energy .0 /r" _'/ "-"

Carbon Dioxide Research Program "_030-
[ Period of record- 1950-1988. _; _/

/! I

Method Global CO2 emission estimates t-

derived primarily from the U.N. energy .---_'O __//_ J
statistics were calculated by using the ._ 15

methods of Marland and Rotty (1984). The ,.. _/7._/...,- ,, . ..energy data were compiled from U,N, _'-- '"
questionnaires supplemented by national ,,- -, *",, °°

li# I I i i i ii_t_l illl ii ililll IIIIllll I III i i i i i I I I i I I i i i I

, statistical publications. Data from the U.S. ' 0 : "-_.... .'._,, .__,,...,.....,_._.'.,,,,,:,'. r,F.'.'.'.___S.C,:,, .'.......""........ _. :.,._..,_,_,,_...i.._..,.
Bureau of Mines were used to estimate CO2 _: , I , I , 1 , 1"

_.emitted during cement production. I 19:i0 1960 1970 1980 1990
Emissions from gas flaring were derived

CO2 emissions from Brazil.primarily from U.N. data but were
supplemented with data from the U.S. :i

Department of Energy and with a few global i

and national estimates provided by Gregg 6 -
i:Marland, ::

Data availability-Global and national CO2

emission estimates, along with the data used i!
O

in calculating these estimates, are ii _ _ 4
documented and available from CDIAC il _

I o li.(Marland et al, 1989). The U.N, energy ,..

statistics are available on magnetic tape i _ _
2-

,from the U.N. Energy Statistics Unit. The i
cement and gas flaring data are available _

, from the U,S, BureaU of Mines and the U.S. i 0 - _ "---- '
i Department of Energy, respectively. :i _ .... 1 , I , i _ I
: I 19_i0 1960 1970 1980 1990J
...............................................................................................................................................................................; Per capita CO2 enlission estimates for Brazil.
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il TREND I
ii Cf.)2 emissions from Brazil grew rapidly ii
i from 1950 to 1979 (almost tenfold) but

ildropped sharply after 1979. Emissions have
now increased steadily slnce 1982 and t• !

reached an all-time high in 1988.. i
Historically, emissions have come largely
from consumption of liquid fuels, but since
1973, when 87% ' ' "of emlsstons were trom

liquid fuels, emissions from solid fuels have
played an increasing role. In 1988, emissions
were 70,8% from liquids and 19.2% t'rom
solids, Emissions from gas fuels have

_:remained smaU (2.7% in 1988) but trebled

ii from 1981.to 1988. Until 1974 more gas was
flared than used,

i:

::!iNote- Growth rates were calculated

iii (before rounding) by performing a linear
ii regression of log CO. emissions versus time
ii and calculating the slope of the regression

line. ............................................:
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Brazil coz Emissions

Carbon Dioxide Emission Estimates*

Gas Per t Keeling, C,D, 1973, Industrtal production of
Year Total Solid Liquid Gas Cement flaring capita t carbon dioxide from fossil fuels and
1950 5.4 1,8 3,4 0,0 0,2 0.0 0,1 limestone. Tc/Ius 25:174--198,1951 5,9 1,7 4,0 0,0 0,2 0,0 0,1
1952 6,8 1,7 4,9 0,0 0,2 0.0 0,1 Marland, G,, and R ,M, Rotty, 1984, Carbon
1953 6,9 1,6 5,1 0,0 0,3 0,0 0,1 dioxide emissions from fossil fuels: A
]954 8,1 1,6 6.2 0,0 0,3 0,0 0,1 procedure for estimation and results for
1955 9.3 1,6 7,3 0,0 0,4 0,0 0,1 1950--1982, Telhts _(B):232--61,

1956 10,0 1,4 8,1 0,0 0,4 0,0 0,2 Marland, G., T,A, Boden, R,C, Griffin,

1957 9,8 1,4 7,9 0,0 0.5 0,0 0,1 S,F. Huang, P. Kanciruk, 'and T,R, Nelson.
1958 10.7 1,1 9,0 0,0 0.5 0,0 0,2 1989,Estimates of C02 emissionsfrom1959 10,7 1,1 8,9 0,0 0.5 0,1 0,2
1960 12,8 1,4 10,6 0,0 0,6 0.1 0,2 fossil fuel burning and cement manu-
1961 13,4 1,3 11,3 0,0 0,6 0,2 0,Z factUring,based on the _h;itedNations
1962 14,7 1,6 12.2 0.0 0,7 0,1 0.2 energystatistics and the U,S, Bureau of
1963 15.2 1.5 12,8 0,0 0,7 0,1 0,2 Mines cement manufacturfng data,

1964 15.5 1,7 12,8 o,o 0,8 0,2 o.2 ORNL/CDIAC-25, NDP-030.Oak Ridge
1965 15,4 1.9 12,5 0,0 0,8 0,2 0,2 , National Laboratory, Oak Ridge,
1966 17,6 2,3 14,2 0,0 0,8 0,2 0,2 Tennessee.

1967 18,1 2.2 14,7 0,0 0,9 0,2 0.2 Rotty, R,M., and G, Marland. 1986. Fossil
1968 21,,1 2,4 17.5 0,0 1,0 0,3 0.2 fuel combustion: recent amounts, patterns,
1969 23,0 2.6 18,9 o,o 1.1 0,3 0.2 and trends of CO2, pp, 484-500. IN1970 23,6 2,6 19.4 0,0 1.2 0,4 0,2
I971 26,4 2,5 22,2 0.0 1,3 0,4 013 J.R. Trabalka and D,E, Reichle (eds.),
1972 29,2 2.6 24,6 0,1 1.5 0,4 0,3 7he Changing Carbon Cycle:A Global
1973 36,5 2.5 31,7 0,1 1,8 0,3 0,4 ! Analysis, Springer-Verlag,

1974 38,4 3,0 32.9 0.3 2.0 0.3 0,4 United Nations, 1989,EnergyStatistics
1975 38.2 3,4 31,8 0,3 2.4 0,3 0,4 ' Yearbook 1987. United Nations
1976 41,6 3,2 35.5 0.3 2,6 0.0 0.4 Department of international Economic

1977 43,0 4,1 3.5,4 0.5 2,9 0,0 0.4 and Social Affairs, Statistical Office,
1978 46.5 4,9 38,0 0.4 3,0 0.2 0,4 New York,
1979 52,3 5,1 43,1 0,5 3.4 0,2 0,4
1980 48,2 5,5 38,2 0.6 3,7 0,2 0,4 U.S. Bureau of Mines. 1988, Minerals
1981 45,3 5,4 35,6 0,5 3,5 0.3 0.4 Yearbook. Vol, I, Metals, MineraL_',and
1982 45,8 6,1 35.1 0,6 3.5 0.5 0.4 Fuels. Washington, D,C.

1983 45,9 6.6 34,8 0,8 2,8 0.8 0,4 U,S. Department of Energy, 1988,
1984 46.4 7,9 33,8 1,0 2.7 0,9 0,3 hztemational F_nergyAnnual. DOE/

1985 48.4 9,6 33.8 1.3 2,8 0,9 0,4 EIA-0219(88), Energy Information
1986 53.5 9.7 38.2 1.5 3,4 0.7 0.4 Administration, Washington, D.C.1987 54:3 10.5 38,3 1,5 3,5 0.5 0.4
1988 55.2 10,6 39.1 1.5 3.4 0.6 0,4

• Emission estimates rounded and expressed in million metric tons of carbon; per capita estimates rounded and ..........................................
expressed in metric Ions of carbon
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Spain

..........:7:......iiXcrfi6i Nfi..........................
60 "-i Solids ...........

Principal investigator I. Liquids --------.

I '-.:..-:_Envlronmental Sciences Dtvislon I Flaring _.J V_/t
Oak Ridge National Laboratory ii I Cement .................... ,/ - k,,./

Oaku,s,A,Ridge,Termessee 37831-6335 ii,:' ¢,D_45 [ Total . , / _

Sponsoring agency ii S l / t.. ,,.., _.,,,.,
U,S. Department of Energy ii O /

Method-Global CO2 emission estimates
derived primarily from the U,N. energy .- ,°

statistics were calculated by using the _ 15

methods or Marland and Retry (1984), The 1_ :- -_/- -/-.... " ..... "'"''"'""'energy data were compiled from U,N. """ ""....

questionnaires supplemented by national i ,,,_ _ -,' '_ , ........................,...........
statistical publications, Data from the U.S, -,--" ................. ................._1_1/ i1_ # Illtlllllllllllllllllllll IIIl[ll[lllll 11_ _ _ I lm I _ i i_I

Bureau of Mines were used to estunate COx u--lr ..... , _ , ..... t ,....... I ' , ..... f
emitted during cement production,

. Emissions from gas flaring were derived 1950 1960 1970 1980 1990
primarily from U,N. data but were CO2emlsshms from Spain.
supplemented with data from the U.S.
Department of Energy and with a few global
and national estimates provided by Gregg
Marland, 6 -

Data availability-Global and national CO2 .-
emissionestimates, along with the data used O

in calculating these estimates, arc _ _ 4 ....
i documented and available from CDIAC _ o) _

(Marland ct al, 1989),The U,N. energy o la.
statistics are available on magnetic tape '_ 2 2-

from the U,N. Energy StatiSticsUnit, The _: _
cement and gas flaring data are available
from the U,S. Bureau of Mines and the LI.S, ----

! Department of Energy, respectively, 0 - t _ , _ i ...... 1 , _"
i 1950 1960 1970 1980 1990

.,...........................................................................................................................,,.................................................: Percapita CO2emlss|on estimaies for Spain.
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, C02 Emissions

TREND

Spain has e×perienced a 19,3%drop in
CO2 emiastons fromliquid fuels from 1980
to 1988, a drop that oectn's in botl_total and
per capita emissions, Emi_;sionsfrom coal
grew from 1978until 1985,balancing some
of the loss in liquid fuel burning. Liquid
fuels have been the dominant source of CO7.

from Spain since 1_, contributing 56.7%
of emissions in 1988after a high of 69,7% tn
1974. Coal was the dominant CO2 source
prior to 1%6 and still contributed 33,1% in

t ,
1988, Per capita emissions remain low, in

i contrast with those of other Western

i European nations, at a rate of 1.3 metric
i tons of carbon per capita per year, a value
_ilittle changed from 1973.

Note- Growth rates were calculated

(before rounding) by performing a linear
regression of log CO2 emissions versus time

-_0 and calculating the slope of the regression
line.
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Spain
Carbon Dioxide Emission Estimates*

Ga._ Per

Year Toial _:lld Liquid Gas Cement flaring capita
1950 9,1 7,3 1,4 0,0 0,3 0,0 0,3

1951 9,1 7,3 1.5 0,0 0,4 0,0 0,3
1952 10,3 ,8,0 1,9 0,0 0,4 0,0 0,4
1953 10,7 8,3 2,0 0,0 0,4 0,0 0,4

1954 10,9 8,3 2,1 0,0 0,5 0,0 0,4

1955 11,1 8,2 2,3 0,0 0,6 0,0 0,4

1956 11,6 8,1 2,8 0,0 0,6 0,0 0,4

1957 13,8 9,2 3,9 0,0 0,7 0,0 0,5

1958 1,5,3 10,0 4,7 0,0 , 0,7 0,0 0.5

1959 14,3 9,0 4,5 0,0 0,8 0,0 0,5

1960 13,4 8,8 3,9 0,0 0,8 0,0 0,4

1961 14,7 9,2 4,6 0,0 0,9 0,0 0,5

i962 16,5 93 6,0 0,0 1,0 0.0 0,5

1963 16.1 9di 5,6 0,0 1,1 0,0 0,5

1964 17,6 9,0 7,5 0,0 1,2 0,0 0,6

1965 19,5 9,5 [1,7 0,0 1,3 0,0 0,6

1966 21,3 8,8 10,8 0,0 1,6 0,0 0,7

1967 23,7 8,8 13.0 0,0 1,8 0,0 0,7

1968 26,6 9,0 153 0,0 2,0 0,0 0,8

1969 26,5 9,0 15,2 0,0 2,2 0,0 0,8

1970 30,2 10,0 17,9 0,0 2,3 0,0 0,9

1971 33,4 9,6 21,2 0,2 2,3 0,0 1,0

1972 37,6 9,9 24.5 0,4 2,7 0,0 1,1

1973 40,0 9,6 26,8 0,6 3,0 0,0 1,1

1974 45,1 10,1 31,4 0.6 3,0 0,0 1,3
!

1975 46,6 11,3 31,3 0,7 3,3 0.0 1,3

1976 50,6 11,1 35,1 0,9 3,4 0.0 1,4

1977 49,8 12,2 33,0 0,8 3,8 0,0 1,4

197g 49,4 11,2 33,2 0,8 4,1 0,0 1,3

1979 53,0 13,1 35,2 1,0 3,8 0,0 1,4

1980 54,5 13,4 36,2 1.1 3,8 0,0 1.5

1_1 54,5 16,0 33,4 1,2 3,9 0,0 1,4

1982 54.5 18,9 30,2 1,3 4,0 0.0 1.4
1983 53.2 19,0 28,7 1,3 .t,2 0,0 1,4

1984 49,8 19,1 2.5,9 1.3 3.5 0,0 1,3
1985 51,8 21,8 2.5,2 1.5 3,3 0,0 1,3

1986 47.1 18.0 24.4 1,4 3.3 0,0 1,2
1987 46,9 17.1 ZS,0 1,5 3,2 0,0 1,2

1988 51.5 17,1 29,2 1,9 3,3 0,0 1,3

*Emission estimates rounded and expregsed Inmillion nlctrtc ions of carbon', per capita 0stlmates rounded and
c×pressed in metric tr.ns of carbon,
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[ . , .

i Methane (CH4) is recognized as one of the most important radiatively active trace gases
i withsignificant potential to contribute to climatic change within the next century,, The mos'.
: ' of org_meimportant methane sources are enteric fermentation in ruminants; anaeroblc decay _ '

i matter in rice paddies, natur',d wetlands, and landfills; coal mining; natural gas production and i

distribution; cJilexploration and production; and biomass burning, There is compelling i' i

evidence that the concentration of CI-14in the atmosphere is rising rapidly and that present i

levels are approximately double those of a few hundred years ago (see tigure to right). Precise i

records of past and present CH4 concentrations are critical to studies attemp0ng to determine

the potential effects that greenhouse gases would have on climate.

Past concentrations of atmospheric CH4 have been determined by analyzing air bubbles

trapped in ice from both Greenland and Antarctica, Since 1978, when the modern CH4 record

begins, severn systematic investigations have found on average a 1-2% increase in CH4

concentrations per year. Most of these measurements have been made in the troposphere by

using the method 0f gas chromatography with a flame ionization detector. Other

measurements have relied upon an optical absorption technique that uses the sun as a source

of infrared radiation and yields an average atmospheric abundance along the entire path

length traversed through the atmosphere.

The following pages provide CH4 concentrations derived from ice, cores, global monthly

averages derived from 7 monitoring sites, and monthly atmospheric CH4 concentration

records from 21 globally distributed sites (see figure on facing page). These latter data were

collected as part of the National Oceanic and Atmospheric Administration's Climate

Monitoring and Diagnostics Laboratory (NOAA/CMDL) program.

We urge, eaders t(_credit the principal investigators and their organiz_ations when using

these data. In addition, users are encouraged to contact CDIAC before applying the data in

specific model or research exercises. Some of the data that are presented are considered

preliminary and are subject to change by several parts per billion. Ali the data presented here

are available in digitized form from CDIAC.
.

_.:.:.:.__:.:.:_:_:_:__._._.:.:_:_:.:_:.:.:_:.:._.:+:.:.:.:_:__.__:.___':.:_:.______:_:.__:____`..___.:._.:_:+__:.:_:__._._.:_:_:.:_:_:'__...:+_.
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.Atmospheric CH4
_ _¢X, __._.'_,#.2X. _'.:',_ '2',_._X4_ :'_ .+2._._._::_::_.:_::::::::__+.:_"_ ;_. _: :::::_:::::__:::__;_._.:':::::._::'__:?X# __.:$_::_::::_'2__ ::_._:::: ::;::_.:2.:::_':_:::_.::::::_:':::::::::::::::_::':_::':_::__._,:$::::::::::"::_'2..::'::__::::2:':'2._.:'::'::::::::::':_:;_.;:..:;..'.:_'_:::::_:._:_.:__':

' 1800-
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Years Before Present (1990 A.D.)

Annual atmospheric CH4 concentrations during lhe past 160,000 years
(derived from ice cor_,,_a_d the NOAA/CMDL flask sampling network).
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BACKGROUND 700-
Principalinvestigators

D. Raynaud J. Chappellaz "_'.(3 / /_/ _,

J. M. Bamola C, Lorius c'_ \\
Laboratoire de Glaciol0gie ct de ,_ 600 .,,,

Geophysique de l'Environnement _ *
BP 96, 38402 Saint Martin d'Heres C_dex 0

"$ /
Y. S. Korotkevich _= 500

= ,/Arctic and Antarctic Research Institute
tj /

Beringa Street 38 ¢-- /

Leningrad 199226, U.S.S.R. 8 ///400 -
Sponsoring agencies ,r ,/"/

Commission of the European :I: /
Communities _ "........ " .... "

CNRS/PIREN "._"
T AAF 300 -

I I .......... I ,I ' I' " i I (

Soviet Antarctic Expeditions 160 150 140 130 120
Period of record- 157,300-127,800 years BP.

Method-Each ice sample (-40 g) is taken Age of Entrapped Air(103 years before present)
from the center of the core and placed in a
glass vessel sealed with vacuum silicon Concentrations of atmospheric Ctl4 from lee cores.
grease. The air surrounding the sample is
evacuated, and the ice is melted. The melt-

water is then slowly refrozen from the bet- .......!:!:i:_:_:::::.:::.-___'_:_iii_i_i...... _;- _'_' ......._,.-_:.i_..... _....:,,. ,. _ .,'.,'..:-_.'..- _.o_

• :-.. .......... . :.. , :_.:.._..,:%."...... ....... :.:.....,

tom to push out the dissolved air at the ,,:_!!iiiiiiiiii::i::_i:_:,i !::i_, ,:._.:i_:_i_::_i_i!i_i::ii_!!i_._i_ii::_!_i_i_i_:._::_:_
water- ice interface. The gas is expanded in .... '"..................: i""::::::_" ":_:_:::_ _::;! ......_........:::_:......_:_i_,.._._"

:i!iii!:,'"_'_

and injected into a gas chromatograph • : _i_!iii_:ii!!i_i_ _!_iliiii_i!:::_,..iir__ ::ili!!iii!iii!iii!!!!!i!?;.'ii_:::::!:::_ii_:i:i:iiii:i:ii!':"'_"_i!i!!i!!i!:!_':i:i:::!:!

(flame ionk,ation detector). Three succes- ::_iiiii::_i_.... :_ii_::i:::.ii!i::i::ii::ii::iii::iii::iiiii_':_ !,:_::_._:,_i_ _'
sive injections from the same extracted air :;!_i_ _.::i_i_:_;_:._i_ ,,_:::__;!!:::/_,:._:_

:ii!i!ii!!iii!!!!!i!ii_i!iii;i:i_:_ ::!!!;"..!i!i!i!ili!iii!:" '_i_,. '._ _ -.. , :i!!:!_.i_ _"::!:!:!:i:i:_:i:i:?.!:i_iiii:!ii!:::i!!i:"_i!i!ii!i_:iii:_:!:!:i:i:.' "'_.. ' _ "_"4¢ -u

! are performed, For details, see Raynaudet: :i!_ _ii_i __"............i:i::,::i_ ,

:: al. (1988) and Lorius et al. (1985) ...... _::;:i:i:_iiiiiii:!!i!ii_:i_i::_,,

i Calibration gases used- 1.2 +_0.1 ppmv of '. . .:_
i CH4 in a mixture of N2, O2_and CO2. '_' ..'_"

i Data availability-These data are available r

from CDIAC and have been published in Vostok
::Raynaud et al. (1988). Antarcticai_ 78028'S, 106°48'E
!._v_._.._.._`._.._*_._v_._._.*_'._._...._`_'._._...._._._._.._`_._.._`_.v_._._._._.`_._'_..'_._.'.._._._._.`_v_._._.'_`_.._.._..._:
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Atmospheric CH4 from Ice Cores

i TRENDS
i

! Using a 2083-m-long ice core recovered

ilby th_ Soviet Antarctic Expeditions at
i Vostok (East Antarctica), the investigators

have determined atmospheric CH4 conc_n- i
trations for the past 160,000 years.

On th_ basis of an analysis of the Vostok
ice core, Raynaud et al. (1988) reported ttmt
CH4 concentrations increased from 0.34 to

0.62 ppmv b_tween th_ end of the penul-
timat_ ice age and the following inte,rglacial,
about 160 × 103 to 120 × 103 years BP. The,
m_an CH4 concentration from the Vostok

core is in good agreement with results
published for co_;parablc p_rk_ls from
other cores.

TRENDS '90



, _1i_ iliiiillllllllllll/I Ilillli/luinlll_llullll

Vostok Atmospheric CH4 from Ice Cores

AtmosphericMethanefromIceCores .....................'................................I_I_;"i_RENCE_S.......................................................

Mean Barn01a,J.M.,D.Raynaud,A. Ncftel,and

Mean CH4 H, Oeschger. 1983. Comparison of C()2

Age/as age of CHs concentration measurements by two laboratories on air
: bubbles in polar ice. Nature i_3:410-13,

Depth thr/Ice ' the gas concentration (+2 a) t

(m) (_,'/!.:Bp) (jr BP) (ppmv)* (ppmv) Barnola, J.M., D. Raynaud, Y.S.Korotkevich, and C. l.aMus, 1987. Vostok

1789.2 130,080 127,800 0,58, 0,60, 0,57 0,68 (0,04) ice core provides 160,()O(l-year record of
0.58, 0.59, 0.58 atmospheric C()2. Nature 329:408-14.

1834.7 133360 131,100 0.64, 0.60, 0.62 0.62 (0.02) 1.xMus, C., J, Jouzel, C. Ritz, L. Merlivat,

1852.3 134,650 132,400 0.67, 0.64, 0.64 0.65 (0.04) N.I. Barkov, y.s. Korotkevich, and V,M,

1932.1 141,600 138,800 0.44,0.46, 0.47 I).46 (0.03) Kotlyakov. 198:. A 150,(XX)-ycar climaticrecord from Anl arctic ice. Nature !
2016.4 153,420 149,100 0.30, 0.32, 0.33 0.32 (0.03) 3t6:591--%.

2042.5 157,790 153,600 " ' 0.35, 0.34, 0.35 0.35 (0.01) Raynaud, D., J. C',happclla7, J M. B'arnola,
2063.7 161,350 157,300 0,37, 0.34, 0.34 0.35 (0,04) Y,S. Korotkcvich, and C. Lot'ius. 1988.

0.35, 0.38, 0,34 Climatic and CH4 cycle implications of
glacial-interglacial CH4 change in the

.......................................................... , Vostok ice core. Nature 333:655-57.

*Three concentrations are given because three successive injections into the Schwandcr, J., and B, Stauffer. I!t_. Age
gas chromatograph from the same extracted air are performed, difference between polar ice and air

• 1:4.•-47.?This symbol cr signifies standard deviation, trapped in it s bubbles, Nature 31 5
Stauffer, B., E, Lochbronncr, I!. ()cschgcr,

and J. Schwandcr. I!)_. Methane
• concentration in tlm glacial atmosphere

was only tutlf that of the prcindustrial
|t(floct'nc. Nature. _ "_' _-
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Byrd Station

Principal investigators }

B, Stauffer i _ ,,, /j

E. Lochbtonner ] ¢._ _-- \,,z "

II. Oeschger _ ,_ 600
J. Schwander ]
A. Neftel ] t..0

Physics Institute '_University of Bern 500 *,
Sidlerstral_ 5 r- "\

CH-3012 Bern, Switzerland _ "_

Sponsoring agencies O "_"'-_
Swiss Ni_tional Science Foundation ¢") 400 -1 _'-_

Uniwrsity of Bern "I" "- /Period of record- 3,400-100,000 years BP. f..) '"*-"----

Method- For extracting the air from an ice

sample, a 500- to 800-g sample of ice is 300 _ , _ .... ,
placed in a glass cylinder. The cylinder is
evacuated for 20 rain to further clean the 60 40 20 0

sample surface, and the ice sample is melted Age of EntrappedAir ¢10years before present)in 30-40 min. The air. released during

! melting is dried and collected continuously Concentrations of atmospheric CH4 from ice cores.
i by condensation at 15.-20° K. The air

collected is then analyzed for CH4 concen-
tration by using a gas chromatograph .::_:_i!iiii;.._:::::::::__ilili!ii_!:,_

.. :, : v.. '. :._...:.v¢" ':::::_" '."m,_..

equipped with a flame ionization detector. " :_:_i_i_i_._i_i_:..'.;_ _' '"_."_::*::_.........."_::_::::::::_...........::_...........

! For details on the gas extraction and ice _i_i!ii _;_2_!_i_i_!_!!_!_!_i!_!_.._` _"
I core dating techniques, see Stauffer ct al. _!i!_) ._g_)':tt__!_i_iii!_iiii_iJii_i_iJi!i_i!iii!i!i_i_iii!iiiiiiii!_iia::_"
: (1988) and Hammer ct al. (1985), " "._iiiiUiit_L_ ,:!_::::::i:_:::.:.....:....:_.............. _ ......i:!.... ,_._._: ..... : ...... :'::::':''"""::' ' '" ":: :':'" ....... :' ':': ....... +" t'_: ..........................:_:i:::_ .........................._._:_ii.t i""', ....................................................._._.................................'

respectively. .,_:i_i_iil;i_!_ ._i;_i_:_i_i!iii_i_i_/i___ _iif_:_ii_i_

Calibration gases used- A standard gas i_!i!_i_., ¢_iii!iiiiiii!i!iiii_i!!i!ii!!ii;_f '_ !,i_i_ ._. :,
mixture of N2, 02, Ar, and (302 with a CH4 .. :;':_i_!_[_.'15.:,::.. ",l"' _:!:::...:.,:..-

concentration of 980 + 30 ppbv is used. i::;_;_;_! !!__] -._._.,',.a.,,,.,,_

Data availability-These data are available _ :_i_i_i;!:_ .. _!!_i__:_:_::_:_:_:;_:;:::_:_:_:_::_:,,
' from CDIAC and have been published in !:_ __

Stauffer ct al. (1988). "_ .._#

Byrd Stathm "t_' Antarctica

79° 59'S, 120° 01'W
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Atmospheric CH4 from Ice Cores

TRENDS
The 2184-.mcore from Byrd Stationwas

drilled in 1.967--1968by the U.S. Cold
Regions Research and Engineering
Laboratory,Schwanderand Stauffer (.1984)
reported a difference of 240 years between
the age of the ice core from Byrd Station
and the mean age of the air trapped in its
bubbles.

Staufferet al. (1988) reported that
measurements on ice cores fromByrd
Station (Antarctica) and Dye 3 (Greenland)
show that the atmospheric CH4concen-
trationwas only --350 ppbv during the last
glaciation, in comparison with a mean
preindustrial level of .---650ppbv and a
present value of 1650ppbv.

TRENDS '90
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Atmospheric CH4 from Ice Cores

Th_ Greenland core was drilled at Dye 3

during the summer months 1979-1981 as
part of an international collaboration
between th_ United States, Denmark, and
Switzerland (t,t_., the Gretmland ic_ Shet_t
Program). Fourteen samples were measured
from the 2037.m core. Sehwander and

Stauffer (1984) determined that file differ-
ence between the mean age of the ice and
the mean age of the air trapped in its
bubbles was 90 years.

On the basis of analyses of the ice core
from Dye 2, Stauffer et al. (1988) reported a
decline in the CHi concentration from

500 ppbv around 60,000 y_arrs BP to
350 ppbv around 20,000 yoarrs BP followed

7" by a rapid increast_ to the Holocene vahm of
0 650 ppbv. Present values are now

-,-1650 ppbv,

f

t

t

l
i

i......................................................................................................i
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Dye5

Atmospheric Methane from Ice Cores

CH4 concentration

Depth Air enclosed In extracted air
(m) (yr BP) (ppbv)*

1185,03 3,400 627 ± 25

1670,91 7,700 663 ± 30

1675.26 7,800 680± 27

1681,40 7,900 (u15 =t:37

1789,00 1.0,800 477 ± 25

1808,39 14,000 650 ::t:32

181.8.90 16,000 389 ± 32

1828.90 19,000 327 ± ,30

18.%,81 21,000 358 '+'41

1896,83 39,80(I 561 ± 31

1898.33 40,500 411 ± 32

18!_).33 41.000 427 ± 33

1951.77 73,000 468 ± 25

1990.22 100,000 468 ± 25

'_'v'_'_'_'_'_'_;_;_e_._._._._'._._'._'_._e

*For a 500-g sample, the CH4 concentration rose
40 -± 10 ppbv because of CH4 contamination (Stauffer
ct al. 1988), These results have been corrected
accordingly, The precision of their analyses, including
extraction, is within _+25 ppbv; the accuracy is further
limited by the standard gas, which gives an additional
uncertainty of 3% in the methane concentration.

'E "7'R NDS '90



1[ !:i Atmospheric CH4 from Ice Cores
.i=_ _[_.7 _jg ' , ....... 7, . _ ,- ... ................ =================================================================================================================================================================================================================

_':_'__._.: ._.::'_:':'._',_'.:_':_._::::_.._::':._:_i:::_.:::::._.:::::._..:._.::_,:'?.:::_:::_.::::s.;,:::_.__:::.-::'..:'_.::_._:::::::::::_:_':::::::::::_:_2:::.<::::::f4:._,:'_Y,:::_'2:::::_.::_.:.<::'_"_'.:._..q_:_,_:_._::V._.¥_'i_ ".::".-:'_._:::::_,%_'_.:".._:_:::'4"._'-..22_.:::_".-:'_'.:'.-f."./._./._:_:$'.:'.'._._"?_.:_.¢'_:::_._'_o'.::g._,_".'y.::::','_'v__''p__'__.._._ _.:f.'2::_._:2::::_..:_:_.:__ 'Y._:__ g".'_.::_'?.__.':'V_'._;:_.'._._/,¢,_'_ ,

i_ _ E
..........................................................................................................................ii, REFER NCES

Atmospheric Methane from Ice Cores _t,
Barnola_i.t.M., D. 'Raynaud, A. Neflel, and

• CH4 concentration .... H_ Oeschger. 1983. Comparison of CO2
Depth Air euclosed in extracted air measurements bytwolaboratories on air

(m) (yr BP) (ppbv)* _ bubbles in polar ice.Nature 303:410-13.
D ansgaard, W., H.B.I Clau_en, N.

Gundestrup, C.U. Hammer, S.F. Johnsen,
P.M. Kristinsdottir, and N, Rech. 1982.

A New:Greenlanddeep ice core. Science
1681.40 7,90(I 645 -4-37 218:1273-77.

1789.00 10,800 477 __.25 l_rius, C.;_J, Jouzel, iC. Ritz, L. Merlivat,

1808.39 14,000 650 __.32 :N.I. Barkov, Y,S. Korotkevich, and
' V.M. Kotlyakov. 1985. A 150,000-year

climatic record fromAntarctic ice, Nature
316:591,96.

Neftel, A,, H. Oeschger, J. Schwander,
1896.83 39,800 561 __.31 B. Stauffer, and K: Zumbrunn. 1982. Ice

1898.33 40,500 411 __.32 core measurements give atmospheric COz
1899.33 41,000 427 + 33 content during the past 40,000 yr. Nature

295:220-23.

Neftel, A.,E. Moor_ H; Oeschger, and
B. Stauffer. 1985, Evidence from polar ice

'

..............................................:.............................................. cores for the increase in atmospheric CO2
*For a 500-g sample, the CH4 concentration rose in the past two centuries. Nature 315:45--47.

40 __.10 ppbv because of CH4 contamination (Stauffer Schwander, J:, and B. Stauffer. 1984. Age
et al, 1988). These results have been corrected difference between polar ice and the air
accordingly. The precision of their analyses, including ! trapped inits bubbles. Nature 31.1:45"4% '
extraction, is within +-.25ppbv; the accuracy is further Stauffer, B., G. Fischer, A. Neftel, and
limited by the standard gas, which gives an additional H. Oeschger. 1985. Increase of
uncertainty of 3% in the methane concentration. ,_ atmospheric methane recorded in

Antarctic ice core. Science 229:1386--88.

Stauffer, B., E. Lochbronner, H. Oeschger,
and J. Schwander. 1988. Methane

concentration in the glacial atmosphere
was only half that of the preindustrial
Holocene. Nature 332:812-14.

.,

TRENDS '90143



,,, ,.ml,,,..,.,,,,...,..., _,._

Siple Station
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.._.____..____..._...___.__...._...__.___.........._.._.._.....__.._...`._w...__...........__......_...__.__._.._._._....._.....____.._......._....___...___._.¢.`__._¢...._._..._._........_..._._`__

BACKGROUND 1500-

Principalinvestigators • DryExtraction

B. Stauffer A. Neftel - * VacuumMelt Extraction
G. Fischer II. Oeschger _"

A2 *
Physics Institute . I:L 1300-
Univer,;ity of Bern ¢3

SidlerstraBe 5 o_
CH-3012 Bern, Switzerland t- --

O .

Sponsoring agenciesSwiss National Science Foundation :_.,,., 1100- , •
c-

University of Bern •
: O •

Period of record- 1771-1956, _ - , #

Method-Air is extracted from the bubbles

of ice _mples'by a melt extraction and dry _,, 900 - . • .
: extraction, technique. For the vacuum melt "1" • •

extraction,-.-.400-g ice samples containing O * • •
--, _g

about 10 vol % of air are melted in an •

evacuated glass container. The escaping gas .
is collected continuously during the melting 700 -,
process with a Toepler pump in a small glass _ I , I ,' f
bulb. For the dry extraction method, -600-g 1700 1800 1900 200t
ice samples are ground in an evacuated steel C_,acentrations of atmospheric CH4 from ice cores.
container with a milling cutter. The air
escaping from the mechanically opened
bubbles is collected by condensation at ......::_,_................

.......:................:._._,_!:i:i:!:!::_ ',.:"_z. ,.,.... ..,..
14°K. The extractedgas from both ,_i_i_i_i_i_ :_i_t_-_:_ _ .,._::_..::_:_;._i_i_i_!_.7..::::........"l,jr"_ ............. ,11. "::.,:. 'ew ' • ::'_ : :,'.._ :::::': ' '' ' :h : ........... ::::::::::::::::::::::

.. . ._,,.. ,. ...... :.:.:.t.:.;., ,. ,,_.:.:.:.:.:.:_, ,. ,:.... ,:,¢....... +..:..:.:.... :.:., ...:..;., .,:. ,:.:.:.:...:........,,..techniques is measured with the flame ..... r_...................-.::_ .:_ ._.:7........!:!:ii::_::!:::!::_......:.........._::_
:_i!iii::::!:ii:.:.?'::::i:_._ :::::::::::::::::::::::::::::::::::::::::::::::! ;__'i"

_ii!!!_!_!iii:_::!i_:: ....!:::_:'_!_ii_.i:.)_ii!ili!iii_!ili_iii!iiiii_i_ii!_:_:_.,._ionization detector of a gas chromatograph. !ii_i:::i:ii!ii!iii!:i:i:i:i:_:i_ _j_:_.'.:: ::i!_:!..........:........!:::!:i:_:i:i::::_i_"
, _ For details on the gas extraction and ice :_!_i_r .. _......._ _i..:-'_*._i_::_i_i_i_i_!_!_i_!__i _.:=_:_ _

i core dating, see Stauffer et al. (1985) and --._ .... . :::................ "..... :, -:;....... : 'ct"..
: :_ ....:....:_. .:::::::::::::::::_::::::_:::::iiii_::..:.... ,.:::::.' .:_ : ,.
: Lorius ct al. (1985), respcciively, _,_.!ii!_i_i::... :_!ii!i_!!!!ii::i::iii!ii!_!i!!ii!_iii!!!i!_":iii:, i._.:.i__,,. ',

Calibration gases used- Two mixt ares of !ili_ "':!ii__ ' ,. __i_i_i_-ii_ "

Nz, O2, Ar, and C'O2 with a CH4 concen-

tration of 980 .-4=_30 ppbv or 3120 __.9() ppbv. ::_._;_i_i_i;i_i_i_!_i_ii_i_i_i_i::.,,

Data awdlability-These data arc available " ,.

from CDIAC and have been publlshcd in "_ ._

Stauffer ct al. (1985). Siple Station

Antaractica "_
.........................................................................................................75°55'S, 83°55'W
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Atmospheric CH4 from Ice Cores
4_:_:_:_::_:::_::_:_:_:._:_::_:_::_::_:_:_::_::_:::_:_::_:_:::::_::_:_::_::_:_:::._._.::_:::_::_::_:_::_.:_:::._:.4_._.:_:::_:_:._._:::_:_:::_._.:`q_:::_:_:_::_:::_::_:_._::::_:_:::_::::_:_

.................... ,,..,...,,.,°,, ....... ......... ,...,......., ..,.,.,.°..° ,.,° ..,,.,, ._.,......,. ° ,...,.,.,,,..,.,,, ....

TRENDS
The ice core from Siple Station was

drilled in the Antarctic summer of

1983-1984 to a depth of 200 mby the Polar
Ice Coring Office (Nebraska) and the
Physics Institute at the University of Bern.

I Schwander and Stauffer (1984) reported a
t difference of 95 yearsbet_veenthe meanage

t of the ice and the air trapped.in ksbubbles.,
iiSamples fromSiple Stationin western
t Antarctica are well suited for investigating
/ changes of atmospheric composition in the
i recent past, havingan excellent time
resolution because of the high ratesof
accumulation (Staufferet al. 1985).

Measurements of the CH4 concentrations
in airextracted by two different methods
from ice samples from Siplc Station allow
the reconstructionof the ihistoryof the

_' increase of atmospheric CI-h during the past
.-O0 200 years.Determinations of CH4 concen-

trations on the 12 ice samples measured by
dry extraction show that atmospher'.z CH4
concentrations increased from 038 +_0.09

ppmv in 1771to 1.30 +_0.07 ppmv in 1955.
Determinations on the 11ice samples
measured by vacuum melt extraction show
increases from 0.80 _ 0.06 ppmv in 1771 to
1.34 _ 0.08 ppmv in 1956.

t.°.° .......................... ,............. , ...............................................................
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Siple Station Atmospheric CH4 from Ice Cores
R'.$$.'_$C'.:".d'h_2:__::.%__ .v..._.$:_._:'i,"_P. ::_::,"_X_)P.___'P_'_:_:I_'P._#'._.:'.: _"P'dm."..:d#.:'_:,__,'¢,$_ _ _;:_.v_v_..:::::_../¢._#.g::_.:_:::'2..'R.__ _._$:.__: #¢¢_'.¢._d'2,'2_'.:_: _.: f__.::_#._$#.-'$_:$'_.:::"2:.%:"_/,:_ __'3"_:$0_p'_:_._.::::v._ ._::::'_._:::__.::6".:::_.:_:_ #.::_._P2_P..'.:::.<.<_..'_';__::::::_.'¢:'_.

Atmospheric Methane from Ice Cores i.............................?_'":...........REFERENCES ......................................................!!"

i Barnola, J.M., D. Raynaud, A. Neftel, and i
CH4 concentration !. H. Oeschger. 1983, Compartson o CO2 I

Depth Gas age in extracted air i measurements by two laboratories on air
(m) (.vr A.D.) (ppmv)* bubbles in polar ice. Nature 303:410-13.

Dansgaard, W., H.B. Clausen,
Dry extraction N. Gundestrup, C. U. Hammer,

78:.6_: i i_::_ _::::: i 1955 : : !:1(30 :_-.:0:07 S,F. Johnsen, P.M, Kristinsdottir, and
82:6 ::!_i:i:_.!:: i ::::i::::::: 1950 : : ::1118::±0.07 : N. Reeh. 1982. A New Greenland deep ice

core. Science 218:127.3-77,

88.01::::.:_"::"._. ". : :: 1940 1:;i1.:_+O.07 Lofius, C., J. Jouzel, C. Ritz, L. Merlivat,
96.4 1925 1.02 _ 0.06 N.I.. Barkov, Y,S. Korotkevich, and

100 1919 1.00 -4-0.07 V.M. Kotlyakov. 1985. A 150,000-year

113 1893 0.87 _.+0.07 climatic record from Antarctic ice. Nature
316:591-96.119 1882 0.90 __0.08

Neftel, A,, H, Oeschger, J, Schwander,
130 1861 0.83:± 0,07 B. Stauffer, and R. Zumbrunn. 1982. Ice
136 I849 0.89 ± 0.08 core measurements give atmospheric COz
144 1834 0.86 "4-0,07 content during the past 40,000 yr. Nature

160 1804 0.73 _ 0.08 295:220-/223. i
177 1771 0,78 +_.0,09 Neftel, A., E. Moor, H. Oeschger, and !

B. Stauffer. 1985. Evidence from polar ice ?.

cores for the increase in atmospheric CO2 _!

Vacuum melt extraction in the past two centuries, Nature 315:45-47. ii
78.0 1956 1.34 +_0.08 Schwander, J., and B. Stauffer. 1984. Age !i
80.0 1954 1.26 :t: 0.08 difference between polar ice and the air

1949 1.16 i± 0,08 trapped in its bubbles. Nature 311:45-47.

96.0 1927 1.10 __.0.0'7 ' Stauffer, B., G, Fischer, A. Neftel, and
H. Oeschger. 1985. Increase of _.

101 191.7 0.99 + 0.06 atmospheric methane recorded in ::_
107 1907 0.99 _ 0.06 Antarctic ice core. Science 229:1386-88.

Stauffer, B,, E. Lochbronner, H, Oeschger,
and J. Schwander. 1988. Methane !
concentration in the glacial atmosphere

160 1804 0.84 __.0,06 was only half that of the preindustrial

177 1771 0,80 +_0.06 Holocene. Nature 332:812-14.

*The error limits are the estimated precisions of the _
measurements, ......,.....................................................,.........,....................................,.................'"':'
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Global

............................................................................ 8oo-
.,,.. , .... . .. , ,.,..

_ ::Institute:!ofAtm_sphefi6seien:ees :: :: i:k

_: ::.Oregon::I_tituteofScienc¢&:Technol0gy "_ 1700-
:: Beaverto_ii0regon97006, U.S.A. ' ..... o_,, .:.,

:Sponsodng:iagencles: : :"_ e- ,,'-'," ,,"O
Nationalscience Foundation '4_ ,""'"

::::::iDepartment :of :Energy : _ ,","",, , Ooe'°eeol°eoo

:::i;BiosPheriesResearch Corporation : .,,,.',,,.'
Andarz Company _ .."

_ 1600- ......'
Period:of _ord--1980-1988; f_
Methods- Flasksamples collected in -- "".""'

oeeeeeeeeee etriplicate every week atBarrow,, Alaska; "r"
Cape Meares, Oregoni Cape Kumukahi and O
MaunaLoa, Hawaii; Samoa; Cape Grim,
Tasmania; and ia Antarctica(mostly at the
SouthPole) we_e used to calculate average 1500 , _ , _ , _ , , _
monthly concentrations at each site. Some.
times there were insufficient datato obtain a 1980 1982 1984 1986 1988 1990
monthly average at one site or another. Monthly concentrations of atmospheric CH4.
These gaps were filledby interpolation.
Global averages were then formed asin the
following equation:

f__ _i ! ..h.' '¢._:':':'::i!!i_:i!i'.:..::.

1 90 C (_)cos (_) d_, i ........'_,_.._i_._::..3,
C = _ 90 1 Barrow ii_!iiii!i_i!iiiii:_.__ .",_

where _, is the latitude. Data:from some sites lt CapeAlaska'GrimU'S'A' ..,:,,;._!:!:::::::i::ii_i::iii::::i_::i!iii_,,_
requiredspecial treatment before inclusion i

., Tasmania, Australia _ ___ :'
in the global average. For further details, see 1 Cape Kumukahl - _"._, . :,

i_:.:..i_i_:_..

Khalil and Rasmussen (1990). Hawaii, U.S.A. _iili_i_i_i_!_i:_i_",Calibration gases used-Ali atmospheric Cape Matatula

measurements of CH4 from the seven sites American Samoa ,,_._i:
were referenced against a single primary Cape Meares _::::._
calibration standard. Oregon, U.S.A.
Data availability-These data are available Mauna Loa
from CDIAC, the principal investigators, and Hawaii, U.S.A.
have been published in Khalil and ! South Pole -_
Rasmussen (1990). ! Antarctica

.°, ............. , ............ ,, ,.,.0.,.'.., ,.,, ...... ,,,, ......... . ........... , .............. ,.,., ............................
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TRENDS

According to Khalil and Rasmussen
(1990), "this record shows that methane
concentration increased at an average rate

i of16.6 _ 0.4 ppbv/year or --d.02 =!:
I 0.02%/year over 8 years. This trend has not

been constant according to our record but
has varied between 12 _+2 and 23 +_2

ppbv/year over 2-year periods after seasonal
variations are removed."

Earlier work by Rasmussen and Khalil
(1981) and Khgil and Rasmussen (1983)
reported annual global increases of nearly
2% and 1,3% per year, respectively. Blake

I and Rowland (1988) showed trends of 1%

i per year, and Steele et al. (1987) reportedeven slower increases, slightly less than 0.8%

I per year.

TRENDS '90
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Global Atmospheric CH4
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;',:::5:::;::::',:II::::::::',:',:::::::',:_:::::'.:1::;::;::;

C_gncentrationsof Atmospheric Methane* IIEFEREN CES ii
Blake, D.R,, and F.S, Rowhmd. 1988, i

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Continuing worldwide increase in ::::
1980 1559 1571 1.562 1558 tropospheric methane, 1978 to 1987,
1981 1558:1 i:? ::15.,59 1560 1565 1564 1559 1559 : 1565 1578 i584 1584 1584 Science Z39:1.129--31.

::1982 1585 1576 1582 1587 1589 !585 1586: .1592 1598 1601 1601 1.598 Khalil, M.A.K., and R.A, Rasmussen, 1983.

1983 1600 1600 1604 1611 1612 1614 1615 1617 1621 1623 1625 1626 Sources, sinks, and seasonal cycles of
atmospheric methane. Jottrtlal of

1984 1622 1630 1625 1620 1622 1621 1621 1626 1630 1635 1636 1640 Geophysical Research 88:5131.-44.
1985 1640 1635 1639 1636 1643 1638 1632 1637 1645 1652 1650 1653 Khalil, M,A.K., and R,A, Rasmussen, 1990.

1986 :164( 1645 1647 1654 1653 1652 1649 1648 1659 1669 1664 1665 Atmospheric methane: recent global
1987 1663 1667 1663 1670 1665 1665 I666 1672 1681 1682 1684 1682 trends. En viromnental Science &

1988 1688 1688 1683 1688 1685 1676 16,'77 1681 1685 Technolohw 24:549-53.
Rasmusaen, R.AI and M.A,K, Khalil. :1!)81.

......:":':":'_...................................._ ............................ Atmospheric methane (CH4): trends and
*Methane concentrations expressed in parts per billion by volume (ppbv). seasonal cycles, JoutTzalof Geophysical

Resean:h 86:982(v--32.

Steele, L,P., P.J, Fraser, R.A, Rasmu_,;en,

M.A.K. Khalil, T..I. (x nway, A.J. Crawford,
".I )R.H, Gamin( n, K.A. Masarie, and

K.W. Thoning, 1987, The global :i!
distribution of methane in the troposph_re, i}
Journal _:?['Atmospheric Chemist O, 5:125-71,
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Amsterdam Island
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::#.:'::::_::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

..,.,.,v,, ¢. ,.....,..,.........,., ,-,.,.,v,.,., ,...,. °..-,v....., ,., ..,, ...........,.,...,...., ...., ,.,, ,..,... °,,,., °,., _• • ,., ........

'BACKGROUND _ 1800-
Principallnvesdgators:: :::

:::I:L. Paul Steele*: Russell C. Martin "_"
Pieter P_ Tanr i _: :Ken A,: Masarie i -Q

l

Patricia M,: Lang "_,, _ _L
National Oceanic and Atmospheric

tn 1700-::iv:_:Administration: e-
::_Environmental Research Laboratories 0"._

325 Broadway:
Boulder, Colorado 80303,3328, U,S:A: "_

A!r:sample :coilectton-Whole, airsamples _

i are eollected:weeklyin0_5_Lglass:flasks e- 1600 . " " •
exposed inpairS by:m_ans ofa portable, : 8 • • • " • •
battery-p0wered sampler, Flasks areflushed • • • • " "
with air atthetime;of::Sampling a'nd _I_ . ' " .., " " "
pressurized to 1.25-1.5 timesambient _ - . " "
atmospheriepressure.seeSteele et al. " "
(1987) and Lang et al: (1990),

Measurement apparatus -Th_ flask 1500 - i I i I • i ' /-

samples are analyzed for CH4 at the CMDL 1983 1984 1985 1986!
laboratory in Boulder by using gas chro-
matographs fitted with a flame ionization Monthly concentrations of atmospheric CH4.
detector. During 1983--1985, four gas chro.,

i matographie stystems have :been used to

i!analyze samples forCH4. ._,,.;'_._i:!_ii_i_:.., _ _. ;..,,_..._
Data selection procedures-See Steele et al. -:'::.......__:_:_:_ _........_.':,:¢.'_.".'::'_:_:_ ,,....• ======================::: :..::..::::'a_.;i:L_ ":_:ff ; :;i:::::_._.4 ,..4 :_ f _.x$_::::_.::,: ::_ :::.::b::::-•: ::: ::,:.:_

(1987), Langet al, (1990), and Komhyr et al, _';"_" _..........:::........._::::":::"_:" ...._ "_ ..............._::'::::"::;:':::::::::::_:::::::':::::::':"....."_:'.V't': ......... ":'"" " ".':+:'.'' ._f'.' . ........... :"....... :'":':":.<...'_."-:._:.'-....." ":4'"" " :" '1"¥'_:::::::::: : •:"i:_:_:_ •_::: ::::::::.:_:_::_:_::_:.:.i:!:!:i:!._!!_:_.::::::.`._:::.'.::._:_:i:!.`.:_:i:_:_:.._t_
(1985) ::::::::::::::::::::::::::::::::::::::: _:_,: :'_: _.!:_,!,i:i:_::,:,...:i:::.:_:.,::i:_.:i:_:i:!::;:::::i:_:!:::::!:__!

' "_!_::i_iiii!_i::i::i_!_ii_i_i_i_iii__._ilili::i!_lf_ii_i_.!ii_i_ii::i_i_il__i_iiii_!ii!_._:i
Calibration gases used-CHa-in-air , _iii::ili::!_, _::_i_i?:iii::i::iii_:::_i_!!i!_i_i_ii!!i_!_!_i_ii_!_ii:i_i_:i!i::i::i_i_i!_::):,

'.:..:.:L.!:-.__._. .:............:...:.:.:.:.:.:.:.......:.::i_"..-..........!:'::;t-'_:..::i:'._•........._[1653,0 ppbv (27 Apr, 1983-10 June 1985) --':: .... _ ............... :............._: : ":::_........_:_......."_:.:._. ... .. ..:.:........ :....................:.:.:.:....:.1.:+..... _<...... y...:.:.:.., ..,
g_::'_ _. ..:.:.:,: ::: ::::: :::.:::,:::.:,:.:.:.:.:_:.,...,.,:::._ ,:::::::_r '1_:_::: .X ']_ , :t::_:._.:_::.,::._' :::::::::::::::::::::::::::::::::::::_ ,t i._:_ .;%

and 1676.0 ppbv (11 June 1985,24 Mar. '............................................. :,, ',-, ,,.... ._..vv...v"'__ _'_"ii'i.i_i_i_:_!i_'.'..._ " ;_"!t,..'.::_._.,"
1987)]. '..................................... _; " "'"" "

",._ii_!ii!_iiii!ihii:! _!ii!!iiiiiii_:_: .:.::!i:'..O.#'
Data availability- The complete set of '%iiiii!::!::i

NOAA/CMDLCH4data(includingweekly i!iiiii_ i_ '_" _
' i.'.._

flask samples)is available from the principal Amsterdam Island i_, '_l investigators, Monthly and annual CH4
concentrations for ali the CMDL flask French Territory, Indian Ocean

sampling sites are available from CDIAC. . Island seashore
.... _ 37° 57'S, 77032'E

ii *Nowat _SIRO. i 1.50m above MSL
. ............. : ..... ,.,w .,...,.. •. v,.,v,,,, ,v v..°v..,..v,v..,...,...,....,.v... , ,-.,..v,.,.,.,.,,.v,...,.._,.,.,v, ..,.,....v,v,v,..v,..:
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TREND

The sampling site on Amsterdam Island
is operated in cooperation with the French
Centre des Faibles Radioactivities. The

annual concentration of CH4 at Amsterdam

Island rose from 1561.1 ppbv in 1983 to
1590.5 ppbv in 1985, Steele et al, ([987)
found that even with only 2 years of data,
pattern of unmistakable growth in CII4
concentration was seen at four sites (not
including Amsterdam Island) in the
Southern Hemisphere. The seasonal pattern
seen at Amsterdam Island is typical for the
Southern Hemisphere and repeats from
year to year.

v
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,),

Amste  :dam Island c.4

Concentrations of Atmospheric Methane* _ii* R I!_I_'Ii;REN(['F,S
:ii., Fraser, PJ., M,A.K. l(.halil, R.A.

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct , Nov Dec Ann _;. Rasmussen, a,d A..I, ('rawford. 1081.

1983 1539.3 1542.1 1540.9 1547,4 1553.4 1563.9 1569,6 1576,3 1577.4 1577.2 1578.0 15(_.1 1.561..1 i 'l'rcnds of almosld_cri_: moth;mc iii lhc
1984: 1559,2 1560.7 1562.6 1571.3 1579.7 1588.7 1588,7 1588,9 1589.8 158110 1586.0 I Southern ! l,'mi:qd_cr:',. (h',q_fw:¢ical

1985 1566.3 1570.1 1.588.8 1584'8 1594.1 1603.6 1610.7 1(_10.1 1596.2 1590.5 :_ Research Lcre'r; _, I1_¢,3¢;6.
"; Fraser, I'..I., M.A.K. Khalil., R,A.

.........................................................................................•".................... R;tsmusscn, and _,I' _qlt-t'It., l!,_84.

• Methane concentrations expressed in parts per billion by volume (ppbv). Monthly averages calculated as arithmetic means of individual : Tropo._;l_h(,Aic lm'.l hllnc ila lhc _fid-lat ii Udcs
flask concentrations that are indicative of background conditions. Annual averages based on monthly means. _ffthc ,',;out born tl c m i::.phcrc. J,_t,d'/tal of

i:: /ttmo, v_tlcri,: ('/1,'_nistrv 1' 125-__'i.
.'+ Khalil, M.A.K., i_rtd I(.A, t(;tstntlsscn, t!,_._l

Ai trlt;sphcric mc tlaa ll¢': rccc ni _o.ltd3al
i FClld,';. [_.Ttlt'lr¢)tlnl_'tlfrl[ Sc'ict_Ce! atld

T_'chnoh,13_ _,?._1:5.19.-_'1.:: [ ' .

Komhyr, W.I ). V..I t. (i',t_tn!_n, "I'.I_. I taw is,
L,_i. Watcrlll'atl, 'i'.,I. (',;l_w;.ty, \V.R. l'aylt_r,

and K.W. 'l't_mi_!,,. It_S5, (;hd_:tl

': al mt)spheric I '( )2 div,i ril ,t_tit_n_,and
v,triifli_ms tl_tll_ t_,_¢_Vl,";.!N( L/k/\/( ;M(;(.?

!_:: C( )2 flask sample i.titl i:..;,, ttrrlal ,'![

_.i (;eOpIlVsica/t_c,sccm'/t t_():'-,.q¢¢;,,;_(_.

• Lang, P.M., 1.1'. ,'-;l<.',.'Jc,R.('. M;trlin, ;it,.t
){.A. M;_:iilric, 19')ii .... t tttlo.5Td:('rt'¢; ttl¢'t/tatle

data fi_r t/lC I_'_/¢_c/ 1'),'_'_¢- IOS5 J;,,m the
i N()A A/( ;M ( '( 't:/, ,I_a/_'_ _ ,f'_'r, riv,'//ashi
' sClml_litzg m'tw(,r/<. N( )A A. 'I ceil nic;_l

I: Mcn'tori_ndum _.l.,"_!,(:l\41)l .....!.('limlitc

ii Monit Olillg ;lnll Iii _!rilc_f,;tic::, I ,ai ,'_)r;tl llty,

i B(._uldc,r, ('.oh _t;_(t_,,

i Steele, 1._.t'., !',.I. t.i;if;t'r [:_.A. t_ii!.;lllIl,";,g(_l'l,

M.A.K. Khalil, '1'..1. (;,_lway, A..I.

I (..Trawford, 1_.1]. ¢ ;;i_t._tll_n, K.A. Masaric,
:I

l: and K.W, Thorniest',. !9;,;7. The _,l_t,al
I: di:;trilmtitm of mc:ihi:_m::,i_l the tr_)p('_sphcrc..

ii Jottmal of/1 trn<,s/_hcri_: (71cm isl O, 5:125-71.
¢,:i

17

i

TRENDS '90 149

lit '. 'l_ "

I liP' IIIl lI Pl]P _ll']ll_;l'l_[........... '111I ' "_ell rr ..... rl_..... _ I1'1"11 ' " I?IU'"



Amundsen Scott (South Pole)
_._:_;_:_:_:_._:_._:::-.:_:_:_:_;_:_:_:'_.'_'_._-'_;_:_'::_;_:_'_;_:_:_:_.:_:_::_._:_._:_._i_:_q:_:_:_:_:_.:_:;_._:_:_:_.::_._._._°_._._._._._._._._*_._._¢._._.:4._°_._._._...:_;.;.:_.._:.:._.:.._..:.:.:.:..`_.:._4._.:.;_._.:.._;_.:_:.:.:_:`:_:_.:.:.:.:.._:`_.._..:.:.:`:._`:q_._...;.:._.:._._.;._._:.:.:.:.:_:...`.;._...:._:._`._`.._`_`.._..;........._...;._.:._`;._._.._.._..:._.`_+:._._.;_.`.:._`..:_;.;._.._:_;_:._._._:._':.:_.:.:.:..._`:_..._`:°_._.._..:._.:.;`_`._._.;_:`.<.:._

Principal investigators

L. Paul Steele* Russell C. Martin _,
Pieter P. Tans Ken A. Masarie .0
Patricia AI, Lang _
National Oceanic and Atmospheric _-"

Administration o_ 1700 -t,-
Environmental Research Laboratories 0

325 Broadway "_
Boulder, Colorado 80303-3328, U.S.A. ._

Mr sampleeollection-Whole air samples •O
are collectedweekly in 0.5-L glass flasks t-
exposed in p_._ii',;by means of a portable, O 1600- • • ° •
battery-powered sampler. Flasks are flushed tO ,, • • • . o " •

® o,O o 0 o • 0 • • •

with air at the time of sampling and :!: . " " • .. •
pressurized to _.25"1.5 times ambient tO • "o

atmospheric pressure. See Steele et al. • °
(1987) and Lang et al. (1990).

Measurement apparatus - The flask 1500 -
:' samples are analyzed for CH4 at the CMDL , r , I , 1

laboratory in Boulderbyusinggaschro- 1983 1984 1985 1986
• matographs fitted with arflame ionization Monthly concentrations of atmospheric CH4.

detector. During 1983-1985, four gas chro-
matographic stystems have been used to
analyze samples for CH4. ..... •...._.._................_.....

_ iiiiiiii"'_' '_" ..-- ,:.:.:.:.:....... ....,_ _,-i_:.........,'-.:....-,. .... ._,_- .,...Data selection procedures--See Steele et al..... .. _ii:.ff_'_
(1987), Lang et al. (199(0, and Komhyr et al, """ :_:_:_:_iiiiiiiii_iiii_!_i!iiiiiii_,, "'_ :::_iiiiiiiii_iiiiiiiiiiiiii!iiiiiiii!iii!!ili!iiiiiiiiiiiiiiiiii_:i!!ili_.

(1985). ., '_i_ _ ._:_ _iiiiiiiiiiiiiiiiiii!ili!ii!ili!!iiiiiiiii::ili!iiiii!iiii!i!:_:_:::,,_,,_
Calibration gases used-CH4-in-air _i::_!_i_:_..:_,._,_, ._:_ii_:iii_:iiiiiiiiili::iiii_ili_i_i_:_ ;._:_ ;_ _'_
[1653.0 ppbv (27 Apr. 1983-10 June 1985) _:_i.I.'..:...::..'.i.2. ._:;:_:_:_:_:_:_:_:_:_;_:_: i_ _ _._!_ _i_;_

and 1676.0 ppbv (11 June 1985--24 Mar. _!iiiiiiiiiiiiiiii!ii!iiii_,.._ !iii:jii::!ii_i_iii_iii!ii!ii_' "_/_ _.:iii_ .i:,_ , ,
ii 1987)]. i.... . _>.::_x:_:_::::..:'_..._._,.:: ,._._

Data availability-The complete set of ........_i_;:_:_":_'' ::i:_iii_iiii!iiiiiiii_i!i:i:!:?i::',_,

NOAA/CMDL CH4,4ata (including weekly :!i_ ,. .__
flask samples) is available from the principal Amundsen Scott --- ,:_ ,-
investigators. Monthly and annual CH4 South Pole, Antarctica '_ "_
concentrations for ali the CMDL flask Ice and snow covered .t.

sampling sites are available from CDIAC. plateau .@
89059'S, 24 ° 48'W

:: *Nowat C_II_O. 2810 m above MSL.,,,,,.,,..., ,.,.,,,.,,,.,.,v,.,-,.,., ,.,., ,.,.,.¢¢.,,_ <,.,.,...,.,.,.,..,,-,..v,., ,v,..v,.o,,.,.,v,.,v. ,.,,,,.,.,,°,, ,.,v...,....,...,.,.,.,.,.,.,.,.,.,.,.,v° ,,,,.,,,,...,
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Atmospheric CH4
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TREND

The average annual CH4 concentration at
the South Pole increased from 1560.3 ppbv

in 1983 to 1586.7 ppbv in 198.5.Steele et al.
(!987) reported an average growth rate of
23.1 ppbv per year at the South Pole on the
basis of a 12-m0nth running means fitted to
a quadratic function. The NOAA/CMDI,
(2H4 data record from Amundsen Scott is

remarkably similar to the CH4 data records
fl'om the other southernmost sites in the

CMDL network, except for Kaitorete Spit.
Steele et al. (1987) reported that within the
limits of the measurement precision, both

the absolute concentration ar,d the phase
and amplitude of the seasonal Cycle are
indistinguishable at these Southern
Hemisphere sites.
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Ascension Island

BACKGROUND 1800
i Principal investigators

!: L. Paul Steele* Russell C. Martin _,
Pieter P. Tans Ken A, Masarie

[ Patricia AI. La,:_g t-_
National Oceanic and Atmospheric

Administration _ 1700
Environmental Research Laboratories 0

325 Broadway "_

Boulder, Colorado 80303-3328, U,.S.A. _ '

,Mr sampie collection- Whole air samples
are collected weekly in 0.5-L glass flasks I::: •, • " ,

exposed in pairs by,means of a portable; 8 1600 . . o o , . o o • ° • , . o o o • • • ° °
battery-powered sampler. Flasks are flushed ,,, . . o • o
with air at the time of sampling and "1" °

i_pressurized to 1.25-1.5 times ambient
atmospheric pressure. See Steele et al.
(1987) and l.,ang et al. (1990).

i Measurement apparatus- The flask "1500
I samples are analyzed for CH4 at the CMDL
i laboratory in Boulder by usinggas chro- 198;3 1984 1985 19861
i matographs fitted with a flame ionization Monthly concentrathms of atmospheric C!t4.

detector. During 1983-i985, four gas chro-
matographic stystems have been used to
analyTz samples for CH4.

Data selection procedures See Steele et al. .:.::._'a;,_i_i_i__i::_::., • - '_, ,.. _, -" ::::::::::..:::::_:_:'..:'3_!_C%;i:i_ .._ :::::::::::::::::::::::::::::::::..........

(1987), Lang et al. (1990), and Komhyr et al. •...............,. •..........,.... :: _.........._............._............
(1985). i '_!_i_iil;!i!iiii!!iiii!!i::::::.!ii:i_ii_2,, '_:!!;iii::iiii::ii!_i;ii! i ii i!i!iliii::i::::iil;i::i::iii::iiii:/i_._'::::::::::::::::: :':.:': . ::::::::::::::::::::::::_._ . .:.: .: :.:.?:.:.:+:.:.:.:+.:.:.:.:..:.:. .:......:.: ........ :.:.:.:....... :...:.' _;_. :..:£1_... ; :.:.:...:...:q..:.:.;.:.:.:+..:...:.::..:.:.:.

.................. _2r _..................................i!_:!_:':::_:
, ':':':'':':'" ":':':''':':':::'" ':' • ':':' 't " ;lit.:::':".:'::::':':':':':':':'::: :.:.:.:... +:':'.':':' '

, .:....... :.'.',',',' '. ....+;.:+:..1'. "- l:, .:.:.:.:,;.:+:.:.:.:.:.:.:.::.:.:..:.:.;,'.:+:.:.:,:

Calibration gases used-CH4-m-atr i , _i_ii!iii!:_ _i!!i_",,!:_i!i_::ii;i!ii_i::i_:!::_ii!:;_¢_::_i_::ili::_:_::::i_::::i_i::::!iiii::i_i!i_ii_::::!iiii:/:
[1653,0 ppbv (27 Apr. 1.98.3--10June 1985) :; :::: iL .::.'_'_, .: :::::::::::::::::::::::::::::':!?:::!::.::::::::::::::::::::::::::::::::

• _:_1.. , _- .. ::_::::i:::::::::::::::::.::::::::::::::::::::::::::::::::_.i::i::::_:i:

and 1676,0 ppbv (11 June 1985-24 Mar. -_!_ .......: :i_!_i_ii!i_iiiii_ii_!!_i!_,:!_¢":,i:::_:_:_,,""_ ............... q::::::::::::::::::::::::::::::::::::::::::::::::::::::::::'".: I

1987)1.

Dataavailability-The complete set of :ii_i i i_:_i:::::, ( ,,_._,,:,z;_::,,_,,
NOAAJCMDL eH4 data (including weekly iiiii::ii!ii_!i!ii!i:? _i;ii::iiiiii?iiiii'_i_ ' '......................:::::::::::::::::::::::::::::::::::,_,

flask samples) is available from the principal
investigators. Monthly and annual CH4 Ascension Island : ':i_ .. ._:ii!i:ii;_::!: !_NI_ .,_

concentrations for ali the CMDL flask [h_ited Kingdom!! Island seashore
sampling sites are available from CDIAC.

ii 7055'S, 14°25' W:;

• Now at CSIRO, i 54 m above MSL
:....,....,....._.....____.........__..._.___..........._.°.._._.....`.._..._`...._......_.......`.¢_._......._.r...`..__..._._...._...._._..__.._+.`._......._........`.._..........._....._...______...`
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Atmospheric CH4

The sampling site on Ascension Island is
operated in cooperation with the U.S. Air
FOrce and Pan American World Airways.

The average annual CH4 concentration at
Ascension Island rose from 1582.3 ppbv in

1983 to 1601.9 ppbv in 1985. Steele, et al.
(1987) calculated an average growth rate. of
._.4.1ppbv for Ascension Island by fitting a
linear regression to 12-month running
means. With respect to latitude, this site is
located between the sites at American

Samoa and the Seychelles, According to
Steele et al. (1987), the CH4 cxmcentration
data from Ascension tsla.nd show a clear

seasonal cycle, but the phase of the cycle is
different from that observed at sites in mid

and polar latitudes of the Southern
Hemisphere. Steele et al, (1987) also

_' reported that this site does not appear to be
_6 influenced during any scason by air

originating north of the lntertropical
Convergence Za)nc.
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Ascension Island
'" .... ' ' ,,' ................ ' ..... ' ..... " .... '"' '" ..... ' ' ° 1" ............. " ...... " ....... "'%" _ ., '.°',' .... ".,'4"Y ".'.",' ',.', .4,.`° _"",.' .... '._ " '.'.."_,_ _ _. : ', :-:H ::" ::_H 1'::_ "' ::: I'._" ;_",_ : :;":!_

Concentrations of AtmosphericMethane* ii RI!:'Ii'I!;RF'N(/ie'S
Iq',t_t'.1, I'.J., M.A.K. Kh_dil, R A.

Year jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann R.a_mlti_,-;trth anti A .!. ('ritwlt_rd. lt)HI.

1983 1575,6 1586.0 1588.2 1584,0 1586.7 1585,6 1577.2 1575,4 1.582.3 'l'rcnds _ffatmtl',lJllt:ric tllt'lhltllt, iii lilt'

1984 1573,6 1568,4 . 15"6.0 1586.2 1591,5 1595.(I 1600,5 1601,5 1599,3 1593.9 1587,8 1593.6 1588,9 ,'..;t,ttthcrullet_iN_lwrc (h,,l,/tvsic,d

1985 1583.5 1583,4 1592.1 1599,6 1599.4 1612.4 1608.9 1613.9 1616,0 1607.9 1602.3 1603.0 1601..9 (! Rcseurch I,ettets S:l(_,! t,¢,
i l"t_lst'r, l'J., M.AK. Khalil, 1_,A
_ R,tsmtls:;clh and 1,,!'. Stor'le. I!)g4

*Methane concentrations expressed in parts per billion by volume (ppbv), Monthly averages calculated as arithmetic means of individual i; "l'rtq_t_pht:rit: tiwi h,tw iN th_: mid I;Llil Uric:,
: (:d tilt; S(_tl(ht'.rll I Icmi',l_hct c J_ttrttal (_]'

flask concentrations that are indicative of background conditions. Annual averages based on monthly means, i HtmOSld_er,,: ('hemisttv I")?q _':,

i i Khalil, M.A.K., a_tl R./\ I(asmtt'-,st'l_. It_)

ii trt.tKl_;, l;i'tlviy.(_tlttlctl[_l[ ,_'('i(!tt_'_' _1/1(t

' ! 'l'(!(:lltloh_?; 24:5"1_'_5 _,,

l..,q.W_dt!l_:_Ia,'l.l _'tmw;_y,\V.R I_tyh_[,Y

i_ anti K,W.'lht,l_ing 1_),_*;5(;It,t,_l
ii _11n_t'_;1,Iwrk, ('[).' di_l rit,ul i, ,_ itllt[
_i val iati_,ns Ir¢_,m[ t)("_S • $2 N ( ),'\ XI( _N'_( I('

!_ C( )2 ll;_sk Saml_h, tlitl a..hmrt_al _J'

it (/e_l_hvsicul ResearH_ _]:,5_'( 7 _6,

l.,:tng, I".M,, I.,.P. Y,leelt', R,(' Marlite, ;t_tl
K.A Nla_arlt' 1_)(), ,'II_'V'/I_ 'ri_' t_t_'thut_e

.ii N( ),,I,'I I; ;'M( '( ',lJ,,l_u/ _'___[,cr.tive ]'lask

i Saml.,li_L_.m'tw,_rk, tq( )AA "l'_.,clll_ic:tl
' :i Mt, n_,_r;.mdttn_I:.P.I. ('MI)I ,-1, ( 'lit._,_te

.,i l_t_tlltlt'+r, ('tdt,wh_

_t gtt:t_le, I,.1'., P.,I. t:rasc, r, R.A. l_smt|_;_t!n,
:: M,A.K, Khalil,, 'l",J, (:_mway, A J.

, _., Crawl"(.rd, l,t.l I, (;ararat,n, K.A, Ma,'-;arie,

! !! and K.W. 'I'h_ming. li)Hl. The yh_l,al

i :!ii distril,ution tfr met hant' in lhc lrcq_onl_hert:.
Jottmal o] AtmoSld_eri c ( h_'mistrv 5:125-71.

!ii
! _!_.

iii
h.,_

,
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Cape Grim

BACKGROUND 1800-
Principalinvestigators

L. Paul Steele* Russell C. Martin
Pieter P, Tans Ken A, Masarie ¢'_
Patricia M. Lang t'_
National Oceanic and Atmospheric ,,.12_

Administration ¢_ "1700

Environmental Research Laboratories
".,.._

325 Broadway
Boulder, Colorado 80303-3328, "U,S.A.

Air sample collection-Whole air samples O
are collected weekly in 0,5-L glass flasks 1:2

exposed in pairs by means of a portable, 8 "1600- • . • •Q • •

, , • •battery-powered sampler. Flasks are flushed ,, • • • .
with air at the time of sampling and "1" • '
pressurized to 1..25-1,5 times ambient
atmospheric pressure, See Steele et al.
(1987) and Lang et _t. (I_.R)),

Measurement apparatus- The flask "1500
l l " 1 -- l [ 1m1 1 -- 1 l_l l _ l 1 ' " I' '"_ --- I

samples are analyzed for' CH4 at the CMDL
laboratory in Boulder by using gas chro- 19&q 1984 1985 198_
matographs fitted with a flame ionization Monthly concentngions of atmospheric C!!4,
detector, During 1983-1985, four gas chro.
matographic stystems have been used to
analyze samples for CH,_.

Data selection procedures-See Steele et ......:.......:.:.._,_i_!i_ii!i!iii_ .,. _, ......._ .:'._....:...:_:::.:::_::_:::::.:.._..,.....,.

al. (1987), Lang et al, (1990), and Komhyr et _, :_iiiiiiiiiiii_i_iiiii::_i_'._i?_ ,._ ._:._.:':_,::::.:_:_!__::_
al. (1985). ,.;, ._::i::!::::_::::::_::ili!i!::i::i!i:i!_i_!!!ii!_,,._ ::_/_:_iii_iiii!::_ <_::i__ _i_!_!_

'1 ::::::::::i::; :;:: "..'::::: ::_:; ::::::::::::::::::::::::::::::::::: '_. [1653.0 ppbv (27 Apr. 1983-10 June1985) ', _i!i _ _,,. .:.,.ii_;_i;_ii_: ,_i_ i_i_,_,
k

iiiiiiiiiiliii!iii!!iiiiiiiiii!!i!!ii::::il ilii!!:_ "*iii2!::: :ilEii!i!,¢l" ,and 1676.0 ppbv (11 June 1985-24 Mar,
1987)]. "_:......... '.............._.............. _' '_, _"¢' .a•i:!:i:_:!:::i:?3!:i:!:?...N"'i:_::i'.:::_:_:i:i:i:i:_:i:i:i:i.'i.'::::r ,, %':.._ ..:_.,:_

Data availability-The complete set of ....::?:_::?_*:_:_......._..a ",:.............._ . ._-,::-r:a..,-,..',:..:.a_,a,.

NOAA/CMDL CH4 data (including we.ekly iiiii!ii!ii!_ "_!_i{ii_f;il ._iiiiii_i!_!_ii:_i:_i_i_""

principal investigators. Monthly and annual Cape Grim i
CH4 concentrations for ali the CMDL flask Tasmania, Australia

sampling sites are awfilable from CDIAC. Promonto_ seashore
40° 41'S, 144° 41'E

' Nowat CSIRO, 94 m above MSL
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Atmospheric CH4

TREND

The sampling site at Cape (;rim,
, , ,j, Tasmania, is operated mcooperatl¢ n with

the Commonwealth Scientific and Industrial

Research Organization (CSIRO), wh;,ch has
been making CH4 meast_rements at (2ape
Grim since 1978. Fraser et al. (1986)

reported an average growth rate of :18.2
ppbv per year at Cape Grim for the 7-year
period 1978-1984. NOAA/CM DL has been
making CH4 measurements at Capt_Grim
since 1984. The NOAA/CMDL data show

that the aw.rage annual concentration at
" Cape (;rim rose from 1583,1 ppbv in 1984 to

1588,l in 1985,

The CH, record from Cape Grim is
comparable to those from other Southern
Hemisphere sites, Fraser et al, (_.986) found
no significant tlifferencc in either 0ii;

"T seasonal cycle or the long-term growth in
'i986 concentration for CSIRO CI-I,Imeasure-

ments taken from flask samples collected at
Cape Grim and Mawson, Antarctica, for the
period 198t?)--1984.Steele et al, (1987) found
that the NOAA/CMDL CH4 data record

from Cape (;rim is remarkably similar to
four of the five southernmost GMCC sites.

The exception to this finding is the
monitoring site at Kaitoretc Spit, New
Zealand.

TRENDS '90
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Cape Kumukahi
.. ......... ,...°....... ...... ...,.°,. ........ ..°.°.,.°. ....... . ...... ...... ........ ,.. .......... .....

BACKGROUND 1800-
Principalinvestigators

L. Paul Steele* Russell C. Martin ,_,
Pieter P. Tans Ken A. Masade .li -
Patricia M. Lang ,t:Lt:L
NationalOceanic and Atmospheric "..."

Administration _ 1700 -i-" .
EnvironmentalResearchLaboratories 0 • •. • • . •O

325 B oadway "_ "
r • • • * 0 •

® • • •

Boulder, Colorado 80303-3328, U.S.A. ._ . • • . •• • • I

Air sample collection- Whole air samples _ • . •
are collected weekly in 0.5-L glass flasks t-

O 1600
exposed in pairs bymeans of a portable, (.)
battery-powered sampler. Flasks are flushed

with air at the time of sampling and -r"
pressurized to 1.25-1..5 times ambient ¢_
atmospheric pressure. See Steele et al:
(1987) and Langet al. (1990).

< Measurement apparatus- The flask _500 i I' l ! _ f
samples are analyL::_dfor CH4 at the CMDL

,laboratory in Boulder by using gas chro- 1983 1984 1985 1986/
matographs fitted with a flame ionization Monthly concentrations of atmospheric CII4.
detector. During 1.983-1985, four gas chro-

matographic stystems have been used to
analyze samples for CIt4.

Data selectionprocedures- See Steelect al. ,........................i_%_iiii!i % .._ _: .........
_,, ':_::::_:e.:': -. :::::::::::::::::::::::::::::::::::::::(1987), Lang et al. (1990), and Komhyr et al..:_ii!ii!ii_iiiii_iii_i_!ii_ " :_:":_........::>................:.:!.:"_i_i!!_iiHiii!!!!iili!ii_ii.i,!,i,i.!.i.i.ii.i.i.::.......

.:. :,:iiii!!iiiiiiTiiiii!iiii!i!::::ililii_, ......_,.:._:_....................................................._.__._ii_i_7ii!i_!_!ii_:!_ii_i_i_;i_i;i;_ii_ii_)i!i_!_i_i;i_i_i_iii_!_:_i_;_i;!_V

Calibration gases used-CH4-in-air _-_!_iliTii!iTiiiiiiiTiTii771Uiiii!!!iliiiil iiiii_!
[1653.0 ppbv (27 Apr. 198_-10 June 1985) _ _:_._iii_:_:_i_ __."--" ":!i!i!i:&::.."' :_ ::::::::::::::::::::::::::::: ==========================================.,_

and 1676.0 ppbv (11 June 1985-24 Mar. ":_ • "
'_"::':':':':':':.... :_:!:!:i:;_i:?:i:!:i:i:i!!i!ii!iiiiiii!!i:i;ii_:it'i '...':./'# .t:.i_

1987) ]. .:@Tii::i::iiii::_i_7::_.._,_.._.::-._ ,,..:::_...::_-,,,•

,i;ili!iiii!!ifisi_'" _._,., ""_%
NOAA/CMDL CH4 data (including weekly iiT:77siiiii!ii::!i!i_i_ .........!;!ii:_.sli_"

i _giiiii!i!lT??;_ slilgiis::!izii::iiiTi::ii::ii!ilisiglz,x,
:. flask samples) is available from the principal i Cape Kumukahi ' _ _* '" '_" investigators. Monthly and annual CH4 :

concentrations for ali the CMDL flask i Hawaii, U.S.A.
' : Island seashore

sampling sites are available from CDIAC. •
19°31'N, 154°49'W

*Now at CSIRO. ': 3 m above MSL
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Atmospheric CH4
,_/.':_'_;:_...:,_..".,.,:.i....:; :;_._ .................. _";" .'.._";" .. • .... .., ............... s'"'' • ......... '"'" ' " " "_

The average annual CH4 concentration
from Cape Kumukahi, Hawaii, rose from
1648.6 ppbv in 1983 to 1672.8 ppbv in 1985,
Steele et al. (1987) fitted a linear regression

. to the 12-month running means from Cape
Kumukahi and calculated an average annual
growth rate of 7.9 ppbv. Steele et al. (1987)
also comparedthe CH4 data from Cape
Kumukahi with those from Mauna Loa and

found a significant vertical gradient in CH4
concentration, with the long-term average
concentrations from Mauna Loa being
lower than those at Cape Kumukahi. Steele
et al. (1987) found that (1) both sites
exhibited a major seasonal minimum in the
northern summer of 11984(2) that the fitted

cubic spline functions for both sites show
evidence that two minimums and two

f maximums occur each year at times
36 consistent with those reported by Khalil and

Rasmussen (1983).

Tt;CEN D S '90



Cape Kumukahi Atmosplleric Ct14

Concentrations of Atmospheric Methane* REFF, RENCI_S
Fraser, P.J., M.A.K. Khalil, R,A.

Year Jan Feb Mar Apt May Jun Jul Aug Sept Oct Nov Dec Ann Rasmussen, and A.J, Crawford. 1981.

1983 1630.9 1647.0 1640.0 1623.0 1667.5 1666.6 1657.2 1658.4 1648,6 Trends of atmospheric methant: in the
1984 1639,5 1668.7 1651.9 1674.9 ",,,.,2,3 1669.0 1630.0 1642.0 1646.7 1671.5 1658.8 1663.1 1655,7 Southern ltcmislflmrc. (;eol,hysical

Research Letters 8: l(ki3--(,'_.1985 1684.2 1662.9 1680.3 1677.3 1692.5 1658.9 1650.7 1640.4 1680.9 1682.5 1678.1 1684.5 1672.8
Fraser, P.J,, M,A,K, Khalil, R.A.

...................................................................................................... Rasmussen, and I.,.P. Steele. 1_84.

*Methane concentrations expressed in parts per billion by volume (ppbv), Monthly averages calculated as arithmetic means of individual Truposphcric n._cl h[ll_Ciii the mid-lat itudc,s
flask concentrations that are indicative of background conditions. Annual averages based on monthly ,means, of tlm Southern Hemisphere. Jtmrnal _,f

A tmOSldu'ric (.7_emistn, I' 125-35.
Khalil, M.A.K., and R.A. Rasmussen. 1083.

' Smirces, sinks, a_d seasonal cyclc.s {.,t"
atmosphc.ric methane. Journal of

t:_ (;cophysical Rcscan'h 88:3013 -18.
!, ,,

Ii. Almt_spltcric mt'thane: ft:ct:iii ghdml
Irend,;. En vin,ttm_:ntal Sciencc _,

7'ecllt:rdogv 24:54¢,I 53.
Komhyr, W.D,, R.tt. (;alnm_m, T.B. I larris,

L,.S,Waterman, "I'..I (i'Otlway, W,R, Tayh_r,
and K.W. q'h¢_nlng. 19,q5.( ;Iobal

atmc_sphcric C()2 dislrilntli_n,'; and
wtriat ions t'r_ma 1968--,_2N( )A A/( ;M(/.:

CO2 flask sltmplc_data. Journal of

(;eophysical Ni'search _ ):55(,7-96.
I_,ang,P.M., l...P, Steele, R.(..:, Marlin, and

K.A. Masaric. 1_,_). Atmo,vl)h_'ric methane

data for the lwri¢,d 19S3 .1085 fr_mz the
NOAA/( ;MCC global cooperative flask
,raml_ling network. N ( )AA '1'cclanjca l
Memorandum ER I_,CM DI.,-1. Climate

Monitoring and Diagnost ic's l_aboralory,
Boulder, C'olorado.

Steele, I.,.P,, P.,I. Fraser, R.A. Rasmussen,
M.A.K. Khalil, 'FA. (.'onway, A.J. i

"_ _Crawft rd, R.tt, Gammon, K,A. Masarie; i
anti K.W. Thonhag. 1987. The global
dkstribution of methane in the troposphere.

Journal of Atmo,_7_heric Chemistry 5:125-71. i
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Atmospheric CH4

TREND

The sampling site at Cape Meares,
Oregon, is operated in cooperation with the
Oregon Graduate Institute of Science and
Technokwy. The annual average concen-
tration of CH4 at Cape Meares rose from
1676.7 ppbv in 1983 to 1708.3 ppbv in 1985.
Steele et al. (1987) reported an annual
average growth rate of 24.8 ppbv for Cape
Meares, which was calculated by fitting a

linear regression to 12-month running mean
values. Khalil and Rasmussen (1983), on the
basis of in situ measurements of CH4 over a

3-year period at Cape Meares, found that
2 minimums and 2 maximums may occur
each year, with the major minimum in the
northern summer and the maximum

concentrations in spring and fall. Steele
et al. (1987) reported that all five of the
northernmost CM DL stations, including

;6 Cape Meares, exhibited major seasonal
minimums during the northern summer, of
both 1983 and 1984.



Cape Meares g.,

Concentrations of Atmospheric Methane* [ ............. l,t [,_i,'!":l_ i",Nt '|q.+_';

Year Jan Feb Mar Apr Ma)' Jun Jul Aug Sept Oct Nov Dec Ann f (.'.tmway,T.J., I'. 'l'_,,v:,I ,!,, _\';_!,.,l_t_,K,W,

1983 1.666.4 1663,2 1657.4 1659,7 1677.7 1696.1 1689,7' 1703,5 1.676.7 ] (;atnmtm. lUX: ,\t Tt_,,,,i,l_,._i, _,J11,_+,_
1.984 1646.0 1699,3 1698.9 1707.8 :1694,5 1683,7 1678.0 1665.3 1709.3 1730,9 1712.3 1724.8 1695,9 ! dit_xitkr ll'll,'d:;tllt'llt*,'llt'+ ill I!11'tt'rllOl_' yl(' ,_|l

1985 1715.1 1(>81.4 1730.5 17'26.7 1708.5 i671,0 1688,1 1709,3 1719,3 1722,3 1719,5 1708.3 ] I_l,[_nnlfllctt'., I'_,_':1 I' +,;I I_'lh:,s
] .'l()l_:H1 I1'_.

.........................._............:................................................. 1 Kltalil, N_,/_,l+i, _lltl l,/./X, l".Lil:'tl]lllq:',t't|,I()_1'_11,
*Methane concentrations expressed in parts per billion by volume (ppbv), Monthly averagescalculated as arithmetic means of individual 1 St _ttt'ct:.+h,,S{ll_h+ llllI I ht'+l',t)llill t, t_,(.1+.,-, iii'
.... ]

flask concentrations that are indicative of background conditions, Annual averages based on monthlymeans. I iii nat_nl_hcrw mt,t I_tnt'..l+,tz,ja/_,]+
(]+'++ldl)'.+,'l'l'+l/h't'._'<'+.+,'l'/lu,,S'g1.41 'b-t.

Kc)tnhyt, W,I )., I,',.I I. ( ;iiIllltu+tt, I'.I+,. I lar_i'_,
1...,_.WLltt'tlilltn, I'.,I. ('_,nu+'+_,¢,\V.R. 'l'ztVlt_r,
anti K,W, 'l'l_,,_i_U'.. lU_.;g,( ;I,,l,_tl

* . at lut_++l+hcrit' f '( i:. ,.li!,t_ii,til it+t_?,i_tttl
vi_t'ittlit_:. Ir_,n_ It)(,;_ ,_? N( ),'\,'\,"( ;NI('('

('()2 l+la:_k,"';ll]ll)[t' _l,Ila, J+_ll/'Hfl[+q"

( ]t'lJIJ/IVYI'('HI [_+'AI'(II( 11 t_):%"+/, / t)(l+

: ila+_t_ttt_.:.t'n, li,eN., a_+l NI ,\,K. t'._hdlil lUSI.

, AI tllt_sl+hc_ it' 111i'I hitlt_' (( '] t I)' li t'lt¢(_, ;llltl

,'-.t'ilht+l.tillcvt'l:': J+,lt/tl<l/ _!/(/+'i+/_/lX'._t'<'+ll

' Altnt_,'-,l}hct ic tilt'Ill:ttmp' in 111_'IUi'_'lll ati(l

iIllt'it'll{ illlli(v,l_ht'It'_,:t't_llt't'tllililit_ll!,,+

+ Irt!mix anti iI_tt +t.'+_ti:,l,t;t'_ i_ +'_+ttlit'_;t,

:_ J_tlrnul +_J( ;+'+,l;hy+_i<al tG'.v<',lr_)l
:: SU:1I._)_) (,/15.

"- Slcult!, I,.I'., I'..I. I"i i_r..t'I, l,t./\, l(;t,+_lltl',!,ct+,

,., M,A,K, Khalil, l'..I. ( '(+Ilw_,,', A,.I.

and K.W, 'l'iu,t+im,,. I'+:';'/, l'l_t' !,h+l)al

tti.,dril)utit_l_ (_t Int't I_ilnt! in tt)+.'(rt)l_t_y,1)ht'rc.

Joltnlti[ oj','ll.l('.Vldl¢'dt +(."Jz¢'.ti_wv _+:12q "/I,

!:
f

i.,
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Christmas island

BACKGROUND 1800-
Principalinvestigators

L, Paul Steele* Russell C, Martin

Pleter P, Tans Ken A, Masarie ._
Patricia M. Lang c3
National Oceanic and Atmospheric '_

'Administration m 1700
t=

Environmental Research Laboratories O

325 Broadway ' "_

Boulder, Colorado 80303-3328, U,S,A,

Air sample collection- Whole air samples _ • • • •
art_collected weekly in 0.5-L glass flasks c-- " , ° . , ,, . . ° . •

exposed in pairs by means ofa portable, 8 1600- • , , . " ,
battery-powered sampler, Flasks are flushed
with ab' at the time of sampling and "1"
pressurized to 1.25-1.5 times ambient ¢,_
atmospheric pressure, See Steele et al.
(1987) and Lang et al, (19_X)).

' Measurementapparatus-The flask 1500- I ..........1 _ I _.... --r'
samples are analyzed for CH4 at the CMDL
laboratory in Boulder by using gas chro- 1983 1984 1985 1986
matographs fitted witl', a flame ionization Monthly concentrations of atmospheric CH4.
detector. During 1983-1985, four gas chro-
matographic stystems have been used to
analyze samples for CH4. ,.

Data selection pr(_eedures- See Stee" z ct al. 'u*_i_e'_ii!!'' _"" " ............., :_,,. ,q ,;.,., .1,,.:. ,. _,,-

ii:i ii!iiii!_!:!:i:_:!:!::i:i:!i:!ii:::i!:_!!!!':_¢_ :mc"
(t987), Lang ct al. (lt.D0), and Komhyr ct al, ..:_:_i:7_-i!i..................................................

Calibration gases used - CH4-in-air .:..iii:!:i_!i::!i_!:i:;:i:i:i:!:i:!:i:?,, :::::::::::::::::::::::::::::::::::::::::::::::::::::::,,
[1653.0 ppbv (27 Apr. 1983-10 June 1985) _'_:_ _.:.,.', ii_::i_ _::ililfi'_i_:::!]"._., :,
and. 1.676,0ppbv (11 June 1985-24 Mar. "'_............ i_::_!_:;_t .,_ .,...._,.,,v....,.,_,..• :,ii::i.:_::_i_i_::_::_::i::i::!i!i_::_.::::::::::::::::::::::::::::::::::::::::::::

ili_ "'__'_" '. '_ :,,. "%,';::'_: ,:.:.:i?# ,'.Data awdlability-The complete set of
N(IAAJCMDL CH4 data (including weekly ,:i,i:i:i:i:i:i:!....... ::::::::_:_:::........... "

............. ,. .i_!??:i??:i flask samples) is available from the principal ':_

i investigators, Monthly and annual C1-I4 Christmas lshmd
i concentrations for ali the CMDL flask Kiribati

i sampling sites are available from CDIAC. &land seashore
I 20 O0'N, 157° I9'W
i 'Now at CSIRO, 3 m above MSL
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Atmospheric eH4

TRENI)
i

The sampling slt_ at Chrtstmaa Island is
operated in cooperation with Scripps
Institution of Oceanography. The annual
average concentratlon of CH4 tit Christmas
Island rose from 1607,9 ppbv in 1984 to

' 1615,2 ppbv in 1985, Becattse of the
climatology of the convergence zone of
surface winds in the central Pacific Oeeari,

atmospheric eH4 concentrations froni
Christmas lshind sht_uld be typical tri' those
found in :_ouihern tropical latitudes, Steele

ct al, (1987) reported that the C.!t4
concentrations from Christmas Island

during the austral wintc,r and spring of 11984
were strongly ctmslsicnt with measurements
madt', at similar times at scvc.ral Itw.atlons in

the Southern l-tenatsphere. The elevated
' concenlrlititlns during Marcii aim April

198,4were almosl ccrtliirlly clluscd by lhr;

3 inl'ltiencc of air t'rt)ln nt_rth _lt'the
inleriroplcal Ctlnvergencc Zone, and the
elc.vated concentrations iii the fir,_t I'cw

mtmths o1"1t)85 may be clitlscd by the
southward naovemcnt of the t,.'.tllwcrgcntre

zone or by an irrc.gular inirti.,;itm of nt_rihcrn
air (Stcclc ct al, 1_,_87):

I RLNI ,_ '90



Christmas Island

Concentrations of Atmospheric Methane* R I:,I:I:,R I,',N (' I:,S

Year Jall Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann l,'ta_,ct,I',.I,,M,/\,F,,Kl_tlil,R,/\,' l/a,,,mtt_,_cu, a1_dA..I, ('l awlt_td, l_;_qI.

1984 1630,3 1633,0 1619,4 1598,1 , 1595,9 1599,3 1594,0 1602,6 15953 1611,1 1607,9 'l'rt'ntl,,, t_l itltllt_,l_ttt't h.' lilt'Ill;trW,iii lilt"

1985 1621,6 1611,5 1628,8 16223 1611,8 1614,5 1605,7 1(_)9,9 1611,1 1616,2 1611,6 1616,6 1615,2 N_tltht'rtl |lculi:,ldlt'tc (,','_,l*hV_t_',_[
Re,vean'l_ l.cttcts ;';:llk__, ,',_,

.........................................."..................................'.........." I:l _t._;t' I, I'.J,, IX1. :\ t",. t",h il li I, li. A,

*Methane conce, ntratlons expressed in parts per billion by volume (ppbv), Monthly averages calculated as arithmetic means of individual P,l|Slilii.tiNt'!1, itllti I,, I', Y;It't' h', It;,q'l,

flask concentrations that are indicative of background conditions, Annual averages based on monthly means, 'l't _l_,._lflWt ii.,IIWI tl*lllt' iii I II1.'Illill littii tldt'h
(_l' lhr' ,q_tllht:t I| I tt'ttti',l_llt't c..h_ttrncl/_/'

,,ltnl_sph_'tic ( '/t_'tt_t.vtt'¢ l:l?q _,'i.

Khalil, M,A,K,, ,_,.I I_.,A. I"..t',l_lu_,_,cu,I!_1i),

AI lilt_,_pht'li_' Illt'ltlallc' lt'Ct'III _,,It,l,i_l
ll't'lld,_. [':llt'lfr_tl/tll'lllH[,_'(l('ll_'_' _111_1

"l'c_'/m_h_t?,'?.,.',.'-1_ i, _,
' Kt._hvt, W.I )., I,{.11 ( iAllllllt]ll, "I',1_,I lar_i'.,,

Vatiali_,lr, t_,1_1I_",."; :";,'NI ),,\:\/I ;Ml '('
('(),, I'la_k :,_1,1_' tl,tl,_r.l_t_r_tal_ff

l,an_,,,I'.M., I .P..";tca'lt', 1_,.( '. Ix'lalliI,, ;tt_(l
K,A. l'x,'lar,',l_it'. 1_'_ll, ..Itt_,,._l,l_'ric re_'thunc

_l¢lfll j'_r [h_' 1_'11'¢_t1 I_),_; t I'),'_",.l)l,n_ till'

N(),'I,'I/( ;AI_'( ',if/_,hal _'_'_,l'Cmltv_'/hl._k

SUml_linv t_'tw_,tk, N( ):\ A 'l'ccl_nical
Mt.lnt_l'ilutlu_l_I:1._1.('IX,li>1. I, ( '1i11_,11c

,'-;t(.'t,lc, 1,.t'., t'..I, l"_,t:;('_,I._.A I_t_,t_u_,;,t'tt,
M.A,K. Khalil, "l'.J. ('_)n,,,.,,_y,AJ.
('rawt'_[_l, I,_,tI, (;a.lm_,t_, K.A, Ma_,aric,
and K,W, Th_.tin!',, IU,q/, 'l'l_c H_,t,al
distl'ilufliI>n _1'lllt'lh_tllt' ill lilt' tttfl_(_lfl_cre,

J_mntal oJ/lttn<_.Vd_¢ric( 'hcmi,vtrv tq;125. 71,
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_1:_._,, _ ..,_,_:_.:._:.:._,q:_::_:_:_,_?,_?,_.#;:,_::_:_:_,_:__:_ ?¢ e_ _ :'I4_ _::.:,e _,1',_ _, _4 _..'_,_, _ __ I I_'.x_.:.:::_;.P_;4::_:_..4_'%._:::¢'%_x_.::_k.._:_4_._:_:::4_::_._:_::;_:::::4:.:_:_:_:::_:_L_:'_._;::.Y::;:_._;:;.:.:::.:::.:::._.:':::_'_:._.::._._.:::':_.:'+_

BACKGROUND 1800-
Principal Investigators

L, Paul Steele* Russell (7,Martin
Pteter P, Tans Ken A, Maswie

Pa#icta M. Lang t'3 • •, • •
e o ph ' "-_NattonalOceant and Atm s eric • ' • • • • •• • • • •

Administration _ _?C_ • • • •• •

, , • •

EnvtronmentalResearch Laboratories O ,, •
325 Broadway _ ,.
Boulder, Colorado80.303-3328,U,S,A,

Air sample collectlon- Whole air samples
are collected Weeklyin 0,5.L glass flasks r',

exposed in pairs by means of a portable, 8 "1600
battery-powered sampler, Flasks are flushed
with air at ttle thne of sampling and :I:

] pressurized to 1.25-1,5 times ambient ¢,.D
I atmospheric pressure, See Steele et al.
i (1987) and Lang et al, (1990),
i Measurement apparatus -. The flask _ '1500 - ,I I I I _' I'

samples are analyzed for CH4 at the CMDL
laboratory in Boulder by using gas chro., 983 "1984 "1985 "1986
matographs fitted with a flame ionization Monthly concentndlons of atmospheric CH4,
detector, During 1983-1985, four gas chro-
matographic stystems have been used to
analyze samples for CH4.

Data selection procedures-See Steele et ...............__iiiii:._ _.'-_.., ............"I_:.:.F'¢: : :'_ _: "'_'";' '

al. (1987), Lang ct al, (l_d), and Komhyr ct _iii?:i:i!ii!i:;:_ii!!i::ii_;_!i_:..:_ .._, ..::.:'_i!::_..,._:!_!::.:!!!_'i_!_i_i!!ii_!i_i_i_ii_::i!ii_iiiii!!!i!i!!!!_
al. (1985). _[7 %.:!iiiii!iiii!i::"::iiii_:_,.,

' [1653.0ppbv (27 Apr, 1983-10 Jtme 1985) . ', ....:_!_!_i_i!i_i_i_!ii_iiiiii_!_i_i!i_J:!ii!_i_i_ii_ii!;!iii!ii!!_ii_

, and 1.676,0ppbv (11 June 1985-24 Mar, _:_ii,_._:....:_..7...,_iiiii_i::!!iii i"_.'_::i:i::::: ....

1987)], .:_iiiiiiii::!i!::::i::i!::i:::::_!i::_..... _,_:i::_:ii_i::::ill........ ,..... •
Data awdh_bility-The complete set of

NOAA/CMDLCH4 data (including weekly :::........;:_:_], ........_:_;:_,:.,•

flask samples) is available from the ', __: i Cold Bay iil

prhicipalinvestigators.Monthlyandannual_ Alaska,U.S,A. :ii_,_ ' __CH,1concentrations for ali the CMDL flask i _ .._

sampling sites are awdlable from CDIAC, ! Treelesspeninsula
i 5.5012'IV,162°43' W

I 'New at CSIRO, i 25 m above MSL
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Atmospheric CH4

The sampling site at Cold Bay, Alaska, is
operated in cooperation with the National
Weather Service. The average annual CH4
concentration tit Cold Bay rose from
1(_8,3 ppbv in 1983 lo 1.721,9 ppbv in 1985.
Steele et al, (1987) reported the average
annual growth rate for Cold Bay to be 13.0

ppbv. Steele et al, (1987) also found that the
CH4 data from the five northernmost

CDML sites, including (?old Bay, exhibited
major seasom_l minimums during the
northern summers of both 1983 and 1984,

Secondary minimums were also apparent
but not as well dcfinc, tt,

,,,,, ....................................................................... ,..........................
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Cold Bay , At,,,osphc,-ic Cit4
_'..<'_'¢_ _ ,_ g_ _,_.'_-F&_ _:_ _:_ :_Y.&_;_:_:___& _:_'__:_:'_N___ _ _'9 :__:._. _.:_'_::9:_,_eFd__'_b_._;4-:;:_:.;_:-_:_:__'_,-,'4.X._..:_._:.:__. ;_,_,g,:;:_ :_:.:._._,_:_._.4..'._.:.._N.:;'_.._:.._._:4.N¢¢._.,"_'_: 4'_..:4._.:. :.:_. N.:.:4.:.:_ :._..:._:.:-_:.:4. :._ _,,_4.Y:._.:d<._,. _:#&_ ._Y&_. N._ :.:,;.:"_':.:":°:._.:_:'_,_:.:°__ .__.,_,._.__*,'4,4".%:.:._._:_,_,_.q ,_&:.;.:z.,'z_49:4 Fe_._,_'_P:4.X.:._.:4.:4-:¢_._.:. :._ 44e¢:.:6:°_.'_.;_( :':':';'"':':':':':':';'',':':";":':':':":':';':":':':':':':':':":":":':':';':':':':':':':":':':<':':':':':':':':':':":':':':':':':':':':':":':':":';':":':':':":':':':':':'"':':":':':':':':':'5:.'..'..:,;,:':':':':':*:':':':':':':':':"'.':':':':':":'.';'

'_4 ...................................................................................................... 'TI _ ?1 ,'_ "N "3

, Concentrations of Atmospheric Methane* ii_* Rli,l_ERENCES

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann . Fraser, P.J., M.A.K. Khalil, R.A.
Rasmussen, and A.J, C.rawford, 1981.

1983 ::,:::i::::..... ' :: ::: ::: : : ii : i : 1681.7 1677.5 1662.0 1664.5 1704.0 1714.7 1704.5 1697.8 1688.3 ::!_ Trends of atmospheric methane in the
1984 .... : 1709,5: 1722,3:1725.0 : 1712:5 1702,7 1686.6 1676,7 1690.6 17065 1717.2 1716.7 1717.7 1707.0 i_ Southern t lcrnisphcre, (;cop/tysical

1985 1717.1 1733.4 1730.3 1734.2 1723.5 1715.8 1695.0 1701.9 1733,4 1729.4 1724.4 1724.5 1721.9 i19 Resewrh Letters 8:1(X_-6(,.
i: Fraser, P.J., M,A.K. Khalil, R,A.

....................................................................................... ii ii. Rasmussen, and L.P. Steele, 1984.
*Methane concentrations expressed in parts per billion by volume (ppbv). Monthly averages calculated as arithmetic means of individual !_ Tropospheric mot bane', in lhc mitl-lal it udcs

flask concentrations that are indicative of background conditions. Annual averages based on monthly means. ::i: of lhc Southern ttcmisl_hcre. Journal of

i: AtmoSldu,ric Chetnist_. 1:125-35.i:!.

] KhaliI, M.A.K., and R.A. Rasmttsscn. 1990.

iil Atn'_ospheric mc, thane: recent glo/ml
::: trends. F.nvironnicntal Science andi:

i :i' Technoloby 24:54q--53. .
| Komhyr, W.I)., R,I t.. (;atnnlon, T.I_. 1larris,

/ii; I_,.S.Watcrma,,, 'l"..I., :o,,way, W.R. Taylor,
and K.W. Tl,ming. 1q85. { ;lobal

i _ airtu_sphcric C( )2 distril _tlliOll.Salia

. ' variations from 1_)(_8--82N( )AA/( ;MC.C
C()2 flask sltml)lc', data. Y_ttrnal of

::: (b':;i)h v.ricul Rc._'can:h _,_):5507 -0(_.

!i1 |.,illlg, P.M., I.,.I'. Sloe, lc, R.t:. Marlin, and
::' K.A. Masaric. 19qi). /4tnzO.Vldzcvic nlctllane
i;..
i" duia fcv lhc period I9,h'3---198q.fr_ml t/lc

NOAA/(;MC;C flobal ce_opcrative ria.vk

• _; sampling network. N()AA Technical
_: Memorandum I:RL (.?NIDI_,- 1. ( 'limalc

Moniloring and Diagm_stics l,aln_rltl.ory,
i ii: t_otlldcr, ('lth_radl_.

':_ Steele, I_,.1'., P.J. I[;'ritst:r, R,A. Rasmussc'.n,
iiii M.A.K. Khalil, T.J. Conway, A,J.

ill Crawford, R.II. (}amtntm, K.A, Masaric,

i! and K.W. '!'honing. 1987. The.. global

!i distributinu of methane in the Iroposphcrc.
Jounaal of A mtostdwtic Chctnistty 5:125---7 I.

[_:i:, i

?i

i=.....................................................................................
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BACKGROUND 18oo-
i_Principal investigators

L: Paul Steele* Russel/ C.:Martin ,_, .
Pieter P, Tans _.... Ken A. Masarie r3 -"

Patricia AI, Lang:
National Oceanic and Atmospheric "_

Administration o_ 1700 -
Environmental Research Laboratories ! O

_: 325 Broadway ! :_! t_._

Boulder, Colorado 80303-3328, U.S.A. _ r-'
Air sample collection-Whole air samples :
are collected weekly in O.5-L glass flasks ¢:::

exposed in pairs by means Of a portable, 8 1600 - " •
battery-powered sampler. Flasks are flushed _ • , ° . •
with air at the time of sampling and I , " • "
pressurized to 1.25-1.5 times ambient (-.) •

atmospheric pressure, See Steele et al.
(1987) and Lang et al. (1990).

Measurement apparatus -The flask 1500 -
i I' I I _ l-

samples are analyzed for CH4 at the CMDL
laboratory in Boulder by using gas chro- 1983 "1984 1985 1986/
matographs fitted with a flame ionization Monthly concentrations of atmos _heric CH4,
detector. During 1983-1.985, four gas chro-
matographic stystems have been used to

analyze samples for CH4. ..:._.: ._._ :,.,.... . ....... ,.:.%,

...... _" '_i_'"" _...:i:.:, _ '_-, ,_..., .
............ .':..'.._."..'.. _ ." ....... _ ..... _,... N,..,Data selection procedures--See Steele et ........s_:_,_................._t,,;_ .._ .._::_.........:._:.,.:::::::::::::::::::::::::::::::................._

_::i:: :i:!:i:!:_:!:!:_.... ,'.:::.:.:::., '_ ..:,::..";j...:::!.2 :::::::::::.:::-::::::::::::::: :::::::::::::::::::::

al. (1987), Lang et al. (1990), and Komhyr et :".: •_'_i_',, .._:_i_ i_ii_._i_:i:,..'_v
.:!i!_iii_i!ii_i_i_i_" ,:-;...:_ i.'!i!i!_i__i_ii!!_i!I!_!i_i_i._!i!__!i_!iii____!!!i:i:i'.!:_:i:_:_:_:_:r_.'l

al. (1985) " "_!!_:',,_, .::i!_!iiii!iiiiiiiiiiiiiiiiii!i:_iiii_!iiii_i i!!i!iii!ili!!iiiiiii!!_i_:f

Calibration[.1653.0ppbvgaSes(27Apr.USed-1983-10CI"14"in'airjune1985) ii .......:::i_@_!ililii_:.5, _ii_ iiiiiiii{iiiiiiiii__ i}i!_ii! ii_ :i_iand 1676,0 ppbv (11 June 1985-24 Mar, i _ :'
: z!il}ii!i!i?igl!i::iii!..... _ii!iiiiigii!::ili!i__' :'!Ar:_i_5:'_

1987) ]. i ::_!iii!i!i!!ii!!ii!_iiiisl;!!ii:,!ir !iiiiii_ii_ii!!!i!!_iii!!i__. "'_._,.: ."._..'_,
• ':il/i_i._iiiiiiii!iiii!ii!ii:!_i_!!i:_:i:"'_"'i:i:i:ii!ii:i:i:?_:i!i:!!?_"• ":.",#."_,t'_.$'_';z_:i!_!::..'.:._

' NOAA/CM DL CH4 data (including weekly _iili :.!:!!!!i_iii!i!i!i!!!!i_!i:i:i::- 'x,

flask samples) is available from the _
principal investigators. Monthly and annual Halley Bay '*" ..._
CH4 concentrations for all the CMDL flask Antarctica rfx

! sampling sites are available from CDIAC. Barren seashore "_7
! 75o40'S, 25o30'W
: "Now at CSIR(). 3 m above MSL
:_`_._...._.'_._`._._._'._?_._`._._..._.._...._.'_'_..._`.'_....`_._`_._...`_._...`_..._`_._`_`_...'_._.._.._.._._.._._'`_._._._._'_.._``..'v_......_`.
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Atmospheric CH4

,.,. ..... ..,,,.,,,,°. ......... ,,. ............ °..H°,,,,.,,..,..,,°,°, .................. •............ ,

TREND

The sampling site at Halley Bay is
operated in cooperation with the British
Antarctic Survey. The average annual CH4
concentration at Halley Bay rose from
1558.1 ppbv in 1983 to 1589.3 ppbv in 1985.

• Steele et ',d.(1.987) reported the CH4 data
|'tom Halley Bay were similar to the data
from the other CMDL sites in the Southern

Hemisphere, except for Kaitorete Spit, New
Zealand, Furthermore, the CH4 data from

! Halley Bay exhibit the same phase and
i amplitude of the seasonal cycle observed at

ii the other Southern Hemisphere sites.

i

"86

!
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Halley Bay At,,,,,sl,l,e,'ic (.i;114

Concentrations of Atmospheric Methane* ........... I{ E F! ',!{EN (i' 1,'.S

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann l"ra,_;c.r, I'.,I., M.A,K. Kh;tlil, li,A.I(a,_mu:,',,_cn, alld A,,I, (!rawl_ld, 1')_1,

1983 1541.1 : 1537.2 1537,9 1540,2 1550.2 1560.2 1573'.1 1576.8 1578.4 1574,4 1569.6 1558.1 'l'rcnd.,_ of :lttutJ'.,l,lwli¢' _lwlll_LnC'in tlw

19841560.7 1556.7 1558,0 1589.7 1585,0 1580,9 1571,8 .qotflht't'n t It:xni.,_l,l,t'_t'. (;¢¢)t)hy._'icul

1985 1567.7 1572.5 1587.7 1592.9 1596.7 1604.9 1.602.6 1589.3 t,_¢s_'ar_:/_l.,'ttct:v t'_:1_)¢,3 ¢_,.
t:r'a_rr, l',J., M,A,K Khalil, ll,A

....................................._.................................................................... l(a._:,lUtl,_cn, au(t 1,,1'. Stt't'l( . I_)_,1.

*Methaneconcentrationsexpressedin parts per billionbyvolume(ppbv),Monthlyaveragescalculatedasarithmeticmeansof individual 'l'r{q_t_q_l_t'ri{' n_t:l harLt in i}lt' nli(I lift iiudt'_,
flask concentrations that are indicative of background conditions. Annual averages based on monthly means, td thc, S t_I.IIht,r n il t!tlti_I_llt, it'..I,,tltnal of

,,llt?lt_sl_it¢'n'(' ('/tt'tnl,_'(tV I' I,_% 33,

Kllalil, M.A.K., and I._A [(;_,_t_tl_'_'n. I'_).

Attl_oNd_trrit: l_t'lh;lllt" i t't't'_tl ,_,l_d_i_l

Kt)_tll)yr, W.I ]., l" I I. ('_;11111i1,_11, l'.ll, l l_t ti_,,
I ,._;, _V;tlt'llll;lll, '1'.1. ('t,ll_,_,'_l\',\V.I( '1 ayh_r,

itt_l K,\V,'lll,,_iI_!,,. I_,";',. (;It,l,itl

it( I_:.,l_l_t'_ it' ( '( )., ,li,,tl il ,ill i_,_I!,;tlt_l
vat i_(i,_t_; lr_u_ .!_',,"_,":?N( )AA/( ;M( '( '

dil/(l./i_r t}l_' I,Vt,,d I:)S ¢ I_),_''i /_t,,t t/t,'
IV( ),,1:t/( ,'Afr '( 'tJ¢ d,al I'_,__[_':at iv¢' .[la vk

,vantlHtn/', n¢'tw_,rk N( ):\ A l'c't'll:_i,.'_tl
N.lt'_t_ral_tlltNa 1,'1(I. ('b, ll_l, I. ('liu_alr

Stt'c.lt.'., I,.!_,, i',J. l:r;t:_t'r, I_,A. l_.a._n_tt!_s(:n,

M.A,K. Khalil, T.I. ('_nway, A,I,

(.irawft_rtt, R.It, (;;tlt_I_l_, K.A. Masar'ic,

and K.W, "l'h_mintr,. l_,q'l. 'l'ht_ ghd_al
distrit_utit_n (fl _m'thanc iu thtr tr_q_(_spht'rc'.

Jotlrmtl of Atmosp/wrh" ('hrmistrv 5:125...7 I.

• ..........................
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Principalinvest!gator_

,L,PaulSteele* RussellC,Martin

Pieter P, Tans Ken A, Masarie ca
Patricia M. Lang . _ . ¢:L
National Oceanic and Atmospheric i ,_] •

Admhaistration o_ 1700 . • •
II Q • •

Environmental Research Laboratories O • . •,,

325 Broadway '_ " " • " • " "

Boulder, Colorado 80303-3328, U.S.A. _ • " . • . •

Air sample collection-Whole air samples _
are collected weekly in 0.5-L glass flasks I::
exposed in pairs by means of a portable, O 1600 -

battery-powered sampler. Flasks are flushed (')
with air at the time of sampling and -r"

pressurized to 1,25-1,5 times ambient fO
atmospheric pressure. See Steele et al,
(1987) and Lang et al. (I(.D0)I

Measurement apparatus- The flask 1500,: I 1 I I '"l I"
samples are analyzed for CH4 at the CMDL
laboratory in Boulder by using gas chro- 1983 1984 1985 198_
matographs fitted with a flame ion_ation ', Monthly concentrations of atmospheric CH4.

' detector. During 1983-1985, four gas chro-
matographic stystems have been used to
analy'zz samples for CH4,

...:..:-'._'_::.:.!::i.,
Data selection procedures-See Steele et .....................i_._',_ "_:_:_:::_ _- '_ .........

al. (1987), Lang et al. (1990), and Komhyr et ,,.,_,._i!_i_iiii:::i_ii_:i::::.,:ii::_i_iii_-.. ,._:::iii_i !i !ii ii iiii_!iiii!iiii_iiiiiiiiii!iiiiii_:%.!iiii!ii::i::'i!i::i:i_
ii_i!iii:::iiiiiii_i_x.,.3

Calibration gases used - Cl-h-in- air _..:.:ii!iiiii_:_:_:)':_t_!ii_iiii::iiii::ii!::ii!iii!ii::i::iiiiiii!iiii::::iiiii:i::::::::i::_',_.._....•......:.:.:.:..:::.:..:.:M'.:...:..::::!:i:i::::i:i:i:i:!:i:!:i:!:i:!:!:i:i:i:i:i:.;:ii!iiiiii!!i!!i:ii!!i!ii.'"¢'

i:iiiii i ,:
[1653.0 ppbv (27 Apr, 1983-10 June 1985) .._,_.ii::ii:!!ili::ii::.ii,i,i_..., _!iiii,_,_ii::iiiii::i::!iiii::i::i!iiiiiii!i!ii_i_]' _!ii_'i'_ili_}::__!_''"

].and 1676,0 ppbv (11 June 1985--24 Mar, :_(.:!::_,e;:_!i_,_:i,,_::i__-''':
_,:i:i:!:i:i:_:i_:i:i:i:i:i:i:i:!::"--",::: ":'"'_

i 1987)]. ii_ !ii!iiii_,, ' . _:_

i Data availability-The complete set of
NOAA/CMDL CH4 data (including weekly

flask samples) is available from the :i::i::_:_:_ _i_
principal investigators. Monthly and annual Key Biscayne

iCH4 concentrations for all the CMDL flask Florida, U.S.AL,
! sampling sites are available from CDIAC. Coastal island seashore
_ 25° 40'N, 80° 12'W
] "Now at CSIRO.
................................................ , 3 m above MSL
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Atmospheric CH4

.........................:............. ..................................
The average annual C!-i4concentration at

Key Biscayne rose from 165319 ppbv in 1983
to 1678.8 ppbv in ]985, Steel et al. (1987)
reported that it is difficult to interpret the
CH4 data from Key Biscayne because of

: changes in sampling frcqut'ncy, the
! proximity of the station to urban Miami, and

the large degree of scatter shown by the Key
Biscayne record, Steele et al. (19_q7)
reported that despite these difficulties, the
CH4 data from Key Biscayne do indicate a
seasonal minimum in the northern summer
of 1984 and that the annual mean

conccnt rat ion calculated for 1984 fits neat ly

intt_ the latitudinal gradient with other
northern CMDI., sites, ltowever, because of

these difficulties and questi_ms concerning
the suitability of the site for monitoring

f background measurements, N()AA/CM DL
"_B6 replaced the southern Florida site anti

began monitoring at Midway Island in 1985.
The site at Midway Island is at a

comparable latitude (28°N, 177°W) to the
Key Biscayne site and is believed to be
suitable for obtaining background
measurements,

,' ........... _, ............................................ , ................. ...... ........... ,, ...... ,,,
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Key Biscayne Atv,l,,sl,lneric ('11,1
_,_,,1.,_,_._} ,._,,_g._,,_._.:,,_, _.,%_¢,._, 4d_'$H.:4,H"_ 'g _'_4_ .M,_.,__,_,_,_._ ._,_ _,_._'. _,q _,_, _,_, _q._._. _,_,_'A_,,_.__ _ _ _.q._`_._'_.`_'_._._.'_`_._.%H..H._._%_g_`_W_"__._g'_._._:_'_:`_4:._._+_._°_°_._._%_ lC,:.. ........', , _ '_ '/ , ' ' ;o' ': ' :.H':,:': :':_:'_'":' -e ' :4",, ' _! ,: . .:*:_',,' ; :4..: ,:,,,. :,' t,H,,_, '.,_,,. , . " _'4'_'_' _,_,_., ' ' ,. ,"", • ,,,':,"e ," ,, . , ., ,, , .... e..........

Concentrations of Atmospheric Methane* I_:I"_l"!,i,I<ii'_N (' I,i',S

Year Jan Feb Mar Apr May Jun Jul Aug Sept ()ct Nov Dec Ann Iqa_t'r, i' !., M.A,K, Kltalil, i<A,
Ra,',_ _.*,_t'n, and A.I, ('|itwlt|_d, I_gl,

1.983 ' 1629.5 1679,7 1652,5 1653,9 'l'1{:lltl.',t_i at_llt,,',l,ht'rictl_t,tlt;tlw i, tt_c
1984 1696.0 1676,5 1653.2 1668,0 1644,0 1668,0 1648.0 1666,2 1690,8 1687.3 1.668,6 1669,7 .q_,ulht'rll i It'_i!,l_llt'rc. ffi'_,l_t_v_i_'al

1985 1709,8 16iX},7 1662,3 16_),6 1678.5 l(_ff,l,1 1(v$4,3 1648.4 1(_i9,4 1684,0 1(_9,7 17(_),8 1678,8 ICt'scanh I_.th'r,v ,_:llk,', ._,,
l'ra,.,t'v', i',,I., M./X.K. Kl_tlil, I(.A

................................................................................................... Id,a,_,llltl.,,.'.,t'n, ariel I,.i'. _._l_'cl('. I_,q,l.

• Methane concentrations expressed in parts per billion by volun'te (ppbv), Monthly averages calculated as arithmetic mearts of h_dividual 'l'rt'l'_ _:'1_}lt'liclllVl[lil.t' ill tl_t' ._itl litl iiutlt',,
flask concentrations that are indicative of background conditions. Annual averages based on monthly means, _l thf ,t.;t,ttlI|t,I li II t:tlti!,l,llt'tc, J,_llltllll q!/

,'ll/ll¢_s/)lt¢'/l't' ( '/l¢'t_lt,_t/V I:17'*, _,3.

Ki_alil, M,A.K,, alltl I;,.A. I,_.a',tlltl,,',t'_l. I_'_).

,\lrllt_.,l_ht'lit' lilt'Ill,tilt'; It't't'lll !,l_l,,ll
lit'llt[_,. I'.'ll_'il_tlltl_'/th/I ,_,'_h')tl'_' tltl_l

"/'_'ct_n_d¢'J;y .'!'1:%1*'_ ':"_'

;llltl I(..\V, 'l'll**llill!',, IRL';'_.¢',t,,I,,=l
;111111I!,1,lit' l i_' ( '( ) ' _li_,l Vii ,ill ii II1'_ ',lllnl

_,';_li;lli_'ll_, Iltllll ll)f'_{ ,",.' N( ),'\,'\/( i_l( '('

('(), Ila=r;I.,!,;l==ll_lc li,li,l. ,l_,tt:tl=ll _,/

( fi'¢Vdl_'._'il'_t[/G'_'atl/I =,_(1:_,'_¢' / _'.

I ,_nt',, l',t"d,, I,,1' !;It't'lt , I,_.(' N],tvli_l, ;llltl

,lala /i ,r/Iii' I_','fi,_! I')S ¢ lOS),/t_ ,/_l t/l_'

N: bl,'l/( ,'Al( '( ' t;/, _t,al _ _'_,/','tall_':' //li _1,

_tlll/_/t/ll I /1¢'/'I','¢irk. ["'1{),'\,'\ I cclt_ti_',ll

Nlt_llilt_lill!', ai_tl 1 _iill'.llt!:,lit'_, I ,tl,_li_l_|ly,

l_,()ulilcv , I't_lt,r;itl_.

,";Ict'h', 1,P., t'..I, I;I ill,t'i, I,_,A. I(a_,ll|tlr,.',t'_l,

M,A.F,. Khalil, '1'..1. (',,Ilv,';ty,A..I.

('rawtt_r_l, I,_,1 I. ( ',itlnv_lt_tl, K,A. N41t_-,;Irit',

:t;_tl K.W, 'l'ht_liin_,,, 1_,_,";'I,'l'lw _:.l_l_al

tli_tlil_tllil_t_ t_l nlt'lhallt, iii lilt' llt_llt,_,ltht'r_ ",

J¢_ttrt_al _!/',.Itm_'l_h_'ri_' ('t_'_li,vt_v 5:1_!5 71,
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Atmo_pheric CH4

TREND
SampUngat Kttt Peak is conducted with

the cooperation of the Kltt Peak
Observatory. Sampling is done (relywhen a
group from Battelle Pacific Northwest
Laboratory is making dt_terminationsof
total column CH4, Consequently, sampling
.t Kitt Peak has been sparse In comparison
with other sampling at CMDL stations
(Steele et al. 1987).Based on a limited
number of samples, the average annual C.H4
concentration at Kltt Peak has risen from

1644,6ppbv in 1983to 1674,2ppbv in 1985,

:6

7"F,ENDS '90





J

"11, _ "11, p-,r ! "! /f'_l / l,m x

"_`_._.`_.._'._....`_._._._._._..._`_._`._.-_`_._._._`_.._._._.._`._.._._._.._`_`_.._'._._`_.._.'_`_...._. . .....................,,.......

BACKGROUND 1801?,-
Principalinvestigators

L. Paul Steele* Russell C. Martin

Pieter P. Tans Ken A. Masarie ._
Patricia M. Lang l:l.

t:l.
National Oceanic and Atmospheric "_"

Administration _ 1700
r..

Em,ironmental Research Laboratories O._

325 Broadway '_
Boulder, Colorado 80_3-3328, U.S.A. _ •

t-
Mr sample collection- Whole air samples _ . "O ,
are collected weekly in 0.5-L glass flasks t" ° . .
exposed in pairs by means of a portable, O 1600 • " " "
battery-powered sampler. Flasks are flushed _ " ° ° ° ° ° ° ° "

_r °° o°

with air at the time of sampling and T" °
pressurized to 1.25-1.5 times ambient tO

atmospheric pressure. See Steele et al,
(1987) and Lang et al. (1990)i

Measurement apparatus "The flask 1500 i' l , i , 1
samples are analyzed for CH4 at the CMDL
laboratory in Boulder by using gas ch ro- 198,3 1984 1985 1986
matographs fitted with a flame ionization Monthly concentration_ of atmospheric CH4.
detector. During 1983--1985, four gas chro-
matographic stystems have been used to
anal_e samples for CH4 ..... __"::::!::.:!:..... ._.

Data selection procedures-See Steele et al. .,._,:_iiiii_iliiiiiii_iiii:..qii!ii::i!_ i_i .:_ iill i iiiiiiiiiiiiiiiiiiiiiiiiii_.i_
(1987), Lang et al. (1990), and Komhyr et al. r..._,_,i:_:_:!:i:!:!..:::._i:_!.,:_:,,.,_i!i_ii_i!.....!iii::!:::i_iii!_i_i!i_i_!_!i_!il..... ii_i_..:.:,,._."'

@ii_ii_iiiii::!i::ii::!::ii!_:i:::ii:_ii:_T¢":_!_!_!_i_i!_!_ii_i_i_:i_!i!_ii_i!i!i?_i_i_i!_iii_i_i_iii_ :_
(1985). "_i_!!iiii_iiii_iiiiiiiii!ii_i!_ _.!___.::_iiiiiiiiiii!iii!iiiiiiiilili::i!i!iiiiiiiii-_,..._
Calibration gases used-CH4-in-air ...._..:.:.,,_,_, ..........:::::,::::::::::::::................:::::.--,:::::::::::::::::::::::,::_:::." ._..... o : ":::::::::::::::::_:::::5::::: ::::: : ::::. ": :::: : :::::' '_: : : :: :" : : ::1::::::....................................................[1653.0 ppbv (27 Apr. 1983-1.0 June 1985) • , :......... ;l

,............:..,..,. .1.:..:.:.:.:..:........-.................:...:.:,..:.:......, .. . :.

===============================================_;_i::@::::ili_::_ii!!i_i_i::i_/_ ",.i_i!iand 1676.0 ppbv (11 June 1985-24 Mar.
'!i_:?:?:.'::i:i:i:!i!?i:i:i:!:i:i:i:i:i:_:i:._.' '::_:i:i:!:i:i:i:!:ii!i!:?!ii?::' '_i ¢ar_,_x;z_;i!i!!::.i,_._,-. _._ ,"'_.,_...,_"!:::::!::_:_::::::::::!::' '_::::i::_:?_:_:!.'.::.

_:Data availability-The complete set of iii ,@::ili::iiii::_iii).,,

!:NOAA/CMDL CH4 data (including weekly .. '.. flask samples) is available from the principal Mah6 Island
i investigators.'Monthly and annual CH4 Seychelles• concentrations for ali the CMDL flask

Island seashore

::':sampling sites are available from CDIAC. 4 ° 40'& 55° IO'E
*Nowat CSIRO, 3 m above MSL

........,......v.v.v......,...,.,....o,...v.,°........v°..v....,...,..,...,... °..,..v.,.,.v.....,.,..°...........v.v.,,.,.,.....,....,.,...,.,.,..,...........,..
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Atmospheric CH4

TREND

The monitoring station at Mah6 Island in
!_the Indian Ocean is operated in cooperation

:_with the Physical Science Laboratory of
New Mexico State University. The annual

average CH4 concentration at Mahe Island
increased from 1.584.9ppbv in 1.983to
1(_)6.0 ppbv in 1985. Steele et al. (1987) also

reported that the NOAA/CMDL CH4 and
-a 9CO,, records from the Seychelles show

parallel seasonality.
The Seychelles and the corresponding

CH4 measurements are influenced by
monsoons and the seasonal migration of the

. surface wind convergence zone. Steele et 'al.

(1987) reported that during the austral
winter this convergence zone is normally
found to the north of Mah6 Island, bringing
southeast monsoon winds and typically

T Southern Hemisphere CH4 concentrations

)86 to the Mah6 Island site. During the austral
summer, however, the convergence zone has

migrated far to the south of the Seychelles,
bringing the site under the predominant
influence of the northwest monsoon winds

and higher CH4 concentrations (Steele et al.

1987).

: ...................................................................................................... •
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Mariana Islands (Guam)

I.
i Principal investigators i

L. Paul Steele* Russell C. Martin

Pieter P. Tans Ken A. Masarie
Patricia M. Lang
National Oceanic and Atmospheric '_

cn 1700Administration
Environmental Research Laboratories 0

325 BrOadway _ • . •

: Boulder, Colorado 80303-3328, U.S,A. ._ " o '
Air sample collection.-: Whole air samples " o o ° • • • ,

li II • •

are collected weekly in 0.5-L glass flasks ¢" ° . • o ,

exposed in pairs by means of a portable, 8 1600 ° •ii

battery-powered sampler. Fl&sks are flushed
with air at the time of sampling and "1-
pressurized to 1.25-1,5 times ambient ¢,3
atmospheric pressure, See Steele et al.

(1987) and Lang et al. (1990).
i:Measurement apparatus-The flask 1500 I _ I" _ I
! samples are analyzed for CH4 at the CMDL
i laboratory in Boulder by using gas chro- 1983 1984 1985 1986
i matographs fitted with a flame ionization Monthly eoncentratiods of atmospheric CH4.
i detector. During 1983-1985, four gas chro-

matographic stystems have been used to
analyze samples for CH4.

. : .::.'._.......... _ _...:i:::::_,:::.:_:.........Da_a selection procedures - See Steele et al.... .._._i_ _i_ii_
,:.......... :,_._._, ,., ,,,

..:::::::::::::_................_:_:_._ -,. t.::.:._4!:::!_i:.:.._i:iiiii_ii::_i__:_::":::::_::_::::'?:_":__:_::::ii_i_ii!i_...._:_:::_:__
(1987), Uang et al. (:t990), and Komhyr et al. ,_,_,:_iiiiili_iiiii!ii_iii_ii_,, "_i "...... '.......................................

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::'._

  !  iiii!ili!! i ii!!!iiii%iiiiiiiiiii iliiiiiiiii!iiii   ":
(1985). ,_!iiiiiii_ I_- _._:._!_i.:.ii:i:i:iii:iiiiiiiiiiiii:i_:ii:iiiiiii!iii:!i!i:i:iiiiiiiiiii_4._,_
Calibration gases used-CH4-in-air ., :_ ]_., " i_:_!_..........._i ................,:,i:::i:_:_::":_::_ii!::i::i_.i,.

i [1653.0 ppbv (27 Apr. 1983--10 June 1985) _._,.., .,.'_i_i_::_!:!:.!_i!i_!_i!_:i!_i_i_!::_ 'i,_ :_and 1.676.0 ppbv (11 June 1985-24 Mar. _i_....::.::_,_..._'
1987)1. ::_:::::::::_*_: _ill _ _d_!!!:.._.._.

:_i_._!_il ............................. ..:::.::_ii_::_._ '

i Data availability-The complete set of "__ :_::_i ......::::::::::::::::::::::::::::::::::::::::::""

i NOAA/CMDL CH4 data (including weekly @ '__

i: flask samples) ia available from the principal Mariana Islands

i. investigators. Monthly and annual CH4 Guam, U.S. Territory
i concentrations for all the CMDL flask Island seashore
i: sampling sites are available from CDIAC. 13° 26'N, 144 ° 47'Ei

• Now at CSIRO, 2 m above MSL
_..,,o.,.°.,.,.¢o,.,.,v,,.,.,.,.,.,¢,,.,v,.,vo_,.°.,,,.., o ,.,.,,.,, ..,..,.,,, ,.o,..., °,.,, ,,,,.,,.,.,•,.,.,,v,.,,, ...... .,.., ,.,.,.,.,ro,v.., ,o.,o ,,,
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Atmospheric CH4

TREND

The sampling site at the Mariana Islands
is operated in cooperation with tht_
University of Guam. Annual atmospheric
CH4 concentrations at the Guam sit_ rose

from 161.6,8ppbv in 1983 to 1(_i,9 ppbv in
1985, Stcel_ ct al, (1987) fitted a linear
regression to th_ 12-month running means
from the Mariana Islands site and calcu-

lated an annual averagt_ growth rate of 11.4
ppbv. Stec,lc et al, (1987) also found a
pronounced minimum in the methantz
concentrations for Guam in the late
northern summt_r of both 1983 and 1984 but

found no evidence of a secondary minimum
in either year.

TRENDS '90



Mariana Islands (Guam) c.,

Concentrations of Atmospheric Methane* ' ......... R!,'_!,'!.!.;!_F,N('.ES

Year Jan Feb Mar Apt May Jun Jul Aug Sept Oct Nov Dec Ann I;'ru:;t'i, t'..I,, M.A,I'_,, Khulil, R,A,

"1983 1618,9 1622,8 1604,7 158%8 1610,2 1624.3 1636,5 1629,2 1616,8 'l'lcnds til' ui_llt_sl*ht:t ic ulcthatlc, iii the

1984 1627,1 1635'0 1630.4 1624,8 1624.1 1614;5 161,1.7 1601.9 1612.5 1630.9 1618,9 1661.1 1624.4 ._.;t_uthtri'n I ltrnli,'qJht'rc, (,:C_l_hysi_'al

1985 1637.9 1(¢a,4,7 1661.7 1645.5 1631.1 1634,9 16362 1623,0 1.628.4 1658,2 '1671,8 1668.9 1646,9 t¢csearrfi l,etters _4:lll_i?, ¢',i,
I:raser, t',J,, M,A,K,Kh_ilil, R..t\.

' l/,asnltl!_,_cn, autl 1,,1', Steele, I_S':I.

*Methaneconcentrationsexpressedin parts per billionbyvolume(ppbv),Monthlyaveragescalculatedas arithmeticmeansof individual 'l'r(_l)(_sphtrric Illt'l I'i_tllt' iu lhr r u_itl-lutittides
flask concentrations that are indicative of background conditions. Annual averages based on monthly means, _1 lhr; .'q_,titht',u i lt:uli'.l*licrc, ,l(,ttrnal {_]'

,,tttriosldlt,ric ('/l_',li.vttv [' 12c>3.5,
i',{.halil, M,A,K,, autl !,_,,'\, I._.iti,llttt_,t'n. IrF/II,

Atult_<,l_heri,, uwih_tut!: i t't't'lll ,vhd_ II
tl't.'iltis. [Qlt'irt,llttii'tll_l[ ,_'_'h'tl('c' (111_'1

Ktliuh','r, %,V,I)., I_.,Ii, ('_illllllltill, 'l'.l_. I lul ti<,,
[,._, _Vitlt'rtll,lll, '1',.1. ('_llv,'iiy, \V.bt. 'l'uvl_u,

;llltl t'_,\V, 'l'hl_lliIGr,, ItJSS. ( ;lldull

valiulit_u!_ t ttu_l I_g,"4 S? N( )AA/( ;M( '('

( '( )2 l'lu_k ,<ululllh' tl,ila. Jf_llrtlfll ¢J]'

(,'ufJ/_llv.vi('al lllll("['l_'_l/'('/i ('_);'i'Ri(}7 'lJfl'

l,illllr,, I']M,, I,.1', ,%icr'lc, 17.,(', _.lilrlill, ;lntl
K,A, h4iiMirit', I Ill)li, ,.1flllf/s/_/ll'#il" IIl('(tlfltl('

data/'¢_r l/If in'vhJ<t /YS.¢ I?S'_ ]7<,#l tll_'
N _),'i,'l ,/( ;Al('( ' ,lJ__l_al_,_. _l.V altl'_' ]la,_'k

: Mt,.ru_._ruudtlt_l !:.1_.I, ('MIii ,, I, ( 'lit_l'ulc

Mt_uit_riikt', iilitl l')iutr,ut ',';tic_ l,at_t_rat_ry,
l:ltltihhr, r, ('llltli arbi,

,'qtl.'t;It', I ,,1',, !!,.I, I"l a,_i'r, It.t\, 14a,_',llltl_.qtrrl>
: M,A,K, Khalil,'i',J, ('.(Inw_lT, A.J.

(.',rawt'l_rtt, 14.11,(iaiuuloll, K.A. MasaliC,

;.illd K,Vq, 'l'honing, I tj_47,'t'ht" l!,lol_al

di.,:,Iritltilion til riil.,lliallt! in lilt; Irtll_(l_l)hcre.,

Jfllll"tl(ll +JJ"/'| IIIIfJS[ 'l/ll'Fii: (" '/l_'#llisfr3'"5'125-'71,

i73
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Matatula Point (American Samoa)
._.`_._`.`.____`.`.._.____.._.`.`__._.`__...`...`_`_..__`_..._`'`_.._.`.__._...._.._.._`______`_`_______`_`___`ee.`._._'.__.____..__....__..____._____..._....___¢__.`_`_`__._._.____`.`____'`...______.

BACKGROUND 1800-
Prlndpal investigators

L. Paul Steele* Russell C. Marth!

Pieter P, Tans Ken A, Masarie ._
Patricta M. Lang t-_

1 National Oceanic and Atmospheric "-_
Administration _,_ "1700

Environmental Research Laboratories ._3

325 BroadwayBoulder, Colorado 80303-3328, U.S.A.

Air sample collection- Whole air samPles
are collected weekly in 0,5-L glass flasks e.-
exposed in pairs by means of a portable, 0 "1600- " • " • " " " " ' "
battery-powered sampler. Flasks are flushed (') . " ° " ' " " ° " " "

o q_ _ el ° • o o

with air at the time of sampling and T' • •
pressurized to 1,25-1,5 times ambient (,,) ,
atmospheric pressure, See Steele et al,
(1987) and Lang et al, (1990),

Measurement apparatus - The flask "1500 ........ i

samples are analy,,_d for CH4 at the CMDL _ , --- - 1 " , I
laboratory in Boulder by using gas chro- 1983 1984 _985 "19,86
matographs fitted with a flame ionization Monthly concentrathms of atmospheric C!t4.
detector, During 1983-1985, four gas chro-
matographic stystems have been used to
analyze samples for CH4. ,/._:f_'., _- _.:.... .'.','_, '_,• _.:..':._:y:,_..'._ ..::::: :. ::::::::::::::::::::::::::::::: ...... :..,....

. :_....:..:..... ,t..... _ .... ' 1,.'..."f_. ..... 5 ................. :-..._.:.' :' :'4

Data selection procedures See Steele et al. ,:....... : ..........,..::..::.... -.,.....,r..:...:.......:::::::...................r=-..._:
- ' ._':::_::::: _::::::._.:::::::..'.._ . ! .:_._%: iii........ _:!i:i:!::,!:::_ '._._.

t (1987), Lang et al, (19)0), and Komhyr et al. i _ _i ::;_0" . ..::'._:t._ _:_!_ __P".!

, i,iiiiiiiiiiiiiiiiiiiii  i iA iii i i  ! i!!ii!'i iiii! iiii 0:Calibration gases used- CH4-in-air ':_.?..,_::_:_.r_,.. :::,:,:,:::=:::::::::_:_:_:_:_:_:_:::_:_s..........:_ -::::::::._'_::,_,:::,......
[1653,0 ppbv (27Apr. 198.%10 June 1985) t -,_::, - , :......_il.............._:_:!:!._:,_ _*:r":_:_i:_ ,._.. .,_::._ .,:::',:..,.;,' ========================================='::_ 'l .:l'_# i/•,_........... "..... ::"............::......:_ ',_ ._.,. ._!i_ ,

.:::!_ii::!iii!i::iiA '_!_::!i!?:;!_i i?:i::!::_ ?_::_,:_i::!:::l_,.'_...
and 1676,0 ppbv (11 June 1985-24 Mar,

':::::::: :::::::::::::::::::::::::::i::' :::::::::::::::::::::::::: ' "'_'i._'./. '."_. A;. "*
'iii_iiii?i::::: :: !? ;'.:ii::::::: :: ,_:. .::.:,:,:.:._ ;.:.

! Data availability-The complete set of _ iiii:ii!ii!i "":iiii _::_i_i!_:::
[ NOAA/CMDL CH4 data (including weekly _ "_ " '_j :._

' _I._ ' '_ eji flask samples) is available from the principal , Matatula Point
investigators. Monthly and annual CH4

American Samoa, U.S. Territoryconcentrations for ali the CMDL flask
Island rocky promontory

_ _mpling sites are available from CDIAC. 140 15'S, 1700 34'W

t *NowatCSIRO. ..............................................._ 42 m above MSL
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Atmospheric CH4

TREND

The average annual CH4 concentration
from American Samoa has increased from

1570,1 ppbv in 1983 to ltkq0,2 ppbv in 1985,
Steele et al, (1987) reported that the CI-t,I
concentrations front American Samoa

showed a longderm increase In CH4 but no
.t L

apparent seasonal variation, Steelt_ ct al,
: (1987), using 12-month running means (to

remove seasonal w_rlations) fitted to a linear

regression, calculated the average growth
rate for American Samoa to be 14,0 ppbv per

year, Halter et al, (1988) found compelling
evidence to support the idea that American
Samoa is influenced by significant intrusions
of air from the Northern Hemisphere and
that these intrusions occur more frequently

during the austral summer and autunm,
i Steele et al, (1987) suggt_ste¢l that since (21-I4

concentrations north of the lntertropical
_ Convergence Zone (ITCZ) are always higher

than those in the Southern Hemisphere,
intrusions of air reaching American Samoa

ii from north of the ITCZ will always have the
effect of increasing the (31-t4concentrations
observed at American Samoa. The absence

of any clear seasonal variation in cottcentra-
tion at American Sanloa is probably clue to
the opposing effects of seasonal transport of
CH4-rich air from north of the ITCZ during
those times when the seasonal minimum in

_ CH4 concentration normally oCCtlrs in the
Southern Hemisphere (Steele et al, 1987),

"t',

............ , ............................................ , ........................................... ,...
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Matatula Point (American Samoa)

Concentrations of Atmospheric Methane* R I,',!,'I,',I{1,',N(' I",S

Year Jan Feb Mar Apr May Jun Jul Aug Sept ()ct Nov Dec Ann It,u,t,t, I'J,, M.I\.K. I,:l_,_lil,I_.,'k,

1983 1546,1 1564,6 1569,4 1571,6 1574.3 1573,1 1580,5 1576,7 1574,6 1570,1 'l*lt'lltl_',t,I _tttllt,',lflwii,' lltt'Ill,_Iic iii tll_'
1984 1589,5 1587.2 1563,I 1573.1 1575,4 1588.5 159'1,0 159().1 11591.,(I 15_1,0 1586,3 1592,3 1584,8 ,,llttlhcia I_t'ltii',ldlCi_' I,,',,I,flv_,d

1985 1602,2 1605,4 1597,9 15!81,5 1601,0 1598,1 1601,0 1602,6 1(_13,5 1602,3 1598,7 15%1,0 1600,2 lCe_c.tt'h I _'tt_vs ,_4:Ilt_,_, ¢,¢,
l'last't, t'J., !vl.,'k.b_ I,ilt,llil, I_..A

*Mt;tharle conct;ntratlons expressed hl parts per billion by vt_lume (ppbv). Monthly averages calcuhittxl its arithmetic meitus of Individual I'lt,l.,tl_,lllWl it' IIIt'l Jlltllt' iii lilt' IIIilJ laliltltlc',
flask concentrations tlutt are Indicative of background conditions, Anriuid averages blt.,tedon Inonthly n'ielin.,.i, td lilt' !'itltltlit'l ts } l('llli',lilil'i_'+ i,,littlaJ (!/

Altli_l!,JlJlt'tit lilt'Iii,tilt'; I_" t'llt I'J_,J,,IJ
iIt'lltJ!,. [' llWI r_ll/lll'tlldt '_' ;_'_1( i' ,k

t'Z_lllll_,l,\\; Ii., I' II (,,li_till_,li I I_ II,Ii i,,

,,,lii,lli_,t_'. Iii,iii I')_,: "; _.;' FI! ).\.\ (15,11 (

('(),, II,l',L *,,lisilljt' ,j,ll,I /* 'll_t_l/ ,'[

I ,til!,,, I',I_,1,, I I' 'i1_','1_, I,' (' Xl,lIIlll, ,_ll_

K./\. Nl,l',,llic' . i/#_ll's['Jtl'/l_ #.,ll'l_Z,l/l_' ,/dh1

/,,ttlI,'l_C'i_'_l / t),''¢ /'¢, , /_ ,,l //I,'

NI.A,I¢ Kl_ilil, I.I, (_,ilv,,i',', .'\.J

_liitt K.W 'l'll_,llilir. I'_',1 I'll_' I,h,l,,ll

tli,,Irilllllitlii iii ilit'tlliliit' iii Illl' lil,lt_l',JlJit .li',

.lfqlr#lal i_[..It##l_,_/,/l+'#l¢ ( "II<'##II_("V " I.'" ii.

TRENDS '90 i!',
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MaunaLoa

BACKGROUND "18o0-
Principal Investigators

L. Paul Steele* Russell G Martin
Pteter P, Tans Ken A, Masarle .0
Patricta M, Lang
National Oceanic and Atmospheric '_

Administration _ 1700 -
Environmental Research Laboratories 0

325 Broadway t '_ .

Boulder, Colorado 80303-3328, U,S,A, : ._ * *
• • • • • •

• • • • • •

Air sample collecthm - Whole air samples ,: _ , " . . . " *
are collected weekly in 0,5-L glass flasks , _ . . ' . "

exposed in pairs by means of a portable, 8 1600 *
battery-powered sampler, Flasks are flushed
with air at the time of sampling and I
pressurized to 1,25-t,5 times ambient (L)

atmospheric pressure, Sue Steele kt al,
(1987) and Lang ct al, (1_._._)),

Measurement apparatus-The flask . 1500-
l I i '-I --- _'i" ..... " [

samples arc,analyzed for C.H,I at the C.MDL
laboratory in Boulder by uslng gas ehro- 1983 1984 "1985 1986
matographs fitted with a flame ionization Monthly concentrathms of atmospheric C!!4,
detector, During 1983-i 985, four gas chro-
matographic styt;tems have been used to
analyze samples for CH4,

Data selection procedures- Set'. Steele et al. .:::::_:_:_:_:_:;:_:_:_:._:_-:_:_i!_:_::, _,.- _....:..,..........+,.;__:_._ :::i::)1_ .;.:... :::::::::::::::::::::::::::::::::::::::::::::
!i:' _._ "_ ,ii, ,.;!:iii_::_i iiii:::;ii:i:_i!!!!iiiiiii:::!:7_'i',i_

(1987), Lang ct al, (1._._)), and Komhyr ct al, ,._.........:_i_i_t!iiii__ ....................................... _...r- ......,:.-, _!:?:!::ii!::i::f//:i......_'.......!:"...... .i, ._:_:......... _............................._ '_x.ii!i:;::::;:iiii_ '_¢_:i!i!iiiiiiiil ;!:i:i:!;ili:i!ii!i::;)!i!:!::!i_ili:!:':.'i_,]

ii ::I,._.=:.P,_ ,:_:::_:_":,__:_t_i:: ::i:::::::::::_.................. iit:'"Calllmttlon gases used - C,H,l-in-air ., , ................:::::I_:::...: :_::_:::..::_.......................::::,........_:_::'
!;_,..'..:_,_,_, :_iiiii_!ii:::::::::i:3:iiii!iii3111!i_ii:li:_:::!'_ _.!!i:i:i_t"::!::::ie"I'-

[1653,0 ppbv (27 Apr, 1983-10 June 11985) :_,_::_:,.... ., .:_!_i_,_:_:_:_,_:_::_:.::_..x__ '_e :_:_:_.x':_.. _,
and 1676,0ppbv (11 j unt_1985-24 Mar, %.::::::::::::::::...... "_::_i:::::::::::::::::?::::::::::::::::::f::::,' ':"/_ !,,_' .:::,,!_,.

1987)1. ..ii!ii::;ii::iii!!_.. "',,"_:iii;i!ii!iiii:::!:: ,'_:_;_.ii!i_,_;!i!::,..:,,,[_

::!iiiiiiii!:!:i:i:i:i:i:i:!:i:i:i:i:!:!i!:!::_ '!!iiiiii!iiii!iiii!i!!!;ii:'

':_:i:i:i$!:i:i:i:!ii:!:i:iiii:!:i;i; .;i:!:i:::i:i:i:!:!:!:i:i:!:-..: :.:,::!:!:_;:_.Dataavailability-the comr,leteset of _ii!iiiii!i::ii_:_: iiiii!i!!:ili!_y +_+*'::_;" "

NOAA/CMDL CH,; data (including weekly i_( ........:::::::::::::::::::::::::::::::::::::::::::::'"

flask samples) is awdlable from the principal ........
investigators, Monthly and annual CH4 Maona Lea
concentrations for ali the CMI)L flask Huwaii, USA

Bah'en voh:atlic ttlolltllaitl ,vhqw
sampling mites are available from CDIAC. I 19032'N, 155° 35' W, i

'Now at CSIRO, i 3397 m above MSL
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Atmospheric CH4

,,,.,, ...... ,,,,.,, ............ ,.,,.,,,,.,,,.,,,, ........ ..,,.,,..,.,.,.,.,,,q,.,...,,,

TREND

The average annual CH4 concentration at
Mauna Lea increased from 1620,3 ppbv in
1983 to 1(_8,5 ppbv in 1985. By filling lile
12-month runnitlg means to a linear
regression to remove seasonal wlriatton,
Steele et al, (1.987) found tile (tlllll.lil[[XVel'[tge
growth rate, for Mauna [x'm to be 12,0 ppbv

.,t tper year, Steele el al, (7198'7)also compared
the CH4 data from Mauna txm with those

from C.ape Kumukahi and found ii signi-
ficant vertical gradient in eH4 colleen-
tration, with til(.',long-term ltverage cC)llecn-
tratlons from Mauna Loa being lower ttum

thosu tit Cape Kttmukahi, Sleek', ct al, (1987)
found thai (:1) both sites exhibited a major
seasonal tninimtma in the northern summer

of 198,1and (2) tile fitted cubic spline
func.tlons for both situs show evidence that

1' two mitlhlltltlls and two maximums occur

86 each year at tlmcs consistent with those
reported by Khalil and Rasmussen (1!_)()),

' 77_ENDS '90



Mauna Loa '
...."i" ............... :''; _.... d..... _' _

Concentrations of Atmospheric Methane* R I!,I'I,,RI,N(...I_,S
F'_' l.'rasc.r, l'.J., M.A..K. l<:.l;',_lil,R.A.

Year an Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann :-

1983 . i : .: ....... 1615.3 1614.9 1618,0 1604.5 1626.9 1651.4 1635.3 ' 1632.4 1620,3 ' 'i'rcnds of alm_Sl_l'=ric _lt(,thal_c i_llht:
• ' : .... ' ' ' ' ,qoLIthtirlll tt'uli,';t_lwrt', i'h,Ol&_',vit:al1984 1638.8 1638.4 163118 1639,2 1628,0 1609.8 1619,9 1653.7 1647.4 1662.2 1651..5 1638,2

t?esearch lwtWrs g:lt)(_,_,_6.

1985 1642.7 1641.7 1668.8 1644.3 1651.2 1640.6 1635.1 1635.1 1(>47.1 1655.9 1663.4 1655.8 1648.5 _ l:,'ra.,_;¢r,l',J,, M A,K. Khalil, R,A,
l_,a,,amt,,,sen,;._ml!,.!'. ,";It:ck'. l_S'l.

*Methane concentrations expressed in parts per billion by volume (ppbv). Monthly averages calculated as arithmetic means of individual :'i: 'l"rtqn_sl_ht:t'ic tltt'lllant' i_ thtr _nicl-.latilttclt:s
flask concentrations that are indicative of background conditions. Annual averages based on monthly means. + :: i.fflht:.Stmtht:rn I It'_ti!.;l_ht'ic...l_,ltrnul_).f

" /Igm_,s/_heric ¢.'hcHli._'trvI' 125 35.
K Kl_alil, M.A.K., and I_,A. Rd,"dlltl,%, _'Cfl, IOY;3.

St,urt:t:,_',,si_l<s, :_,_(t:;rll_,,_ _1 '>,fit',';td'

aln u+sl_ht'ric ntct It:_ttt:.,hJttrnal ¢{1"
' c,'(',q,hv,vi('al ]Jc.n'an'/t ,v;,v:3_al_' Ig,

K Kt_a_lil,M /\ I"_ atut 1#,./\.l,_a:;l_Ul;t:,cll,l_'_'){I.:: L , • • ,i

I l".'tl(lh. 1;,'/1 i,l'r¢.qllll_'tl[_l[ ,t)'_'i_'tl('_' _ltlgt

• *l'_'_'/ln__/_t.:v2'1:5'1_ '; _,
.R : Kc_mhyr,W.I.), P,.II. (';i_l_im_,l_,'1 I_, I larri._;,

I,.g, Watc'ru_;_n, '1'..t.( '_t_way, W,V,. 'l'avi_,r,
and K,W. 'l'l_i_iu_.,,: I_>',._,,{;1_,1_,1

i: al_nt_,Id_c,ric, (:():. _li:;irit,ttli_n.'; aI_d
vm'ialh_nstrt_n I!_{,,"{.g,:',bit )/NA/( ;M( '('
(:()2 tla_k ,',,',m_Id{'.(.t;_l_..h,tm_a/_:I".:

(;C_,l,h3,sical/,h,.vcarH__(l:,'_::,_,/_,.
L l,ang, I'.M 1.,.1',,'qlcch', I,',.(' N.'latrliI_,;tlttl: ..,

K.A. M',tsarh:. ,qt_n,',WUt''ti_"nletttat_' data

.[i,r the [u'rt'_d I?S _ I()b'.'_[n_ttl th_,
NOAA/(/Al(. 'C gh#,al COolwrativ'.:flask

aattqUing nctw_rk. N( )AA 'l'c.cht_ical
Mmn(_randum !:',l,tl.,{.:Ml)l ,-1. ( 'limalc

Monilt_ritG:r,aral I)ia_,,nt_,,tic,';I,at_ralt_ry,
Bouldor, (::(',h_ratl_,

S St c_clc,I.,.P l".J. t"ra.w,r, R.A. l,tas_tussc, n,,_

:: M.A.K.K.halil, 'f'..l.t.'onway, A..I.
Crawford, R.I t. ( ;mnnum, K.A. Ma:;;_ric,
and K.W, 'l'h_lain_,;. lO,q7.'l'hc, gl_hal

disl.ritmlitm of nmtlaanc i_ lhr Ir()pt),,ldlerc.
: jotttnal _g',,IttnOsl,h:rric ('h,.n_i.vtrv5:125-'71.

,....¢°, ....................
,, ................................
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Mould Bay
::;:::;:i_1:;:::;:_,¢::S:;:;;;:::;:::_:::::_,;:::::;:;..'i'_.::;:::1:::::::::;:",:_::?.;::;;:;:;:;11;:::,:::,;::::::;::_:;:_I;:1::_::::::_:':_::I:::::l:::;'q::;::_::__:;;',;_::;_:'::;::::::::::I::::;_::_::;:;1:::'.:;::::;:'q:_;;;::":_::::'.1:;;::i::11i_.:.::1:_:.:_;:::::::::;::1::>,_::_:.::;.:_:1;;;::.;11:::::::::P_,;::;:,::;I:;::::_:;;::;;::;::I:::;:::I::;';:::;:;:;;:_;:;i:',;:;:;i::1:__;_;:;_"::_'._;:::.::i::;:_:;:;_;,::;_1::::;:;::::::::"::;1:':I::1:::::::::;:::::;_:1::;:;::;;:;:::'::;:::1:;::;.;/::;:::;:::;:_::::I:_::;;:_;:::;.::;::_;_:::::,'-'1:::::"::;:_::::::::::1:::1:1::1:;::::::I::;::_::::;_::1;:_;_:::,::::::,:,,,

............ , ....................... , ..... ,,., .......... ... ........................................

BACKGROUND 1800-
Principal investigators

L. Patti Steele* Russell C. Martin ,_,
Pieter P, Tans Ken A. Masarie t3 - , • .

Patricia M. Lang _ • ° . " • " "
National Oceanic and Atmospheric _ . . . ,, " "

Administration oo 1700 • • " " °
Environmental Research Laboratories O * "

._

325 Broadway ._ ". . "

B0ulder, Colorado 80303-3328, U.S.A, t--

Air sample collection - Whole air samples
are collected weekly in 0.5-L glass flasL_ t-

O 1600-
exposed in pairs by means of a portable, (.,3
battery-powered sampler. Flasks are flushed
with air at the time of sampling and :i_
pressurized to 1.25-1.5 times ambient tO
atmospheric pressure. See Steele et al,

. (1987) and Lang et al. (1990).

Measurement apparatus-The flask "1500 -
samples are anal_ed for CH4 at the CMDL _ , I, , _ , _'

!i laboratory in Boulder by using gas chro- 1983 1984 1985 1986 I

ii matographs fitted with flame ionization concentrations ofa Monthly atmospheric C!!4.

iidetector. During 1983-,1985, four gas chro-i:

ii atographic stystems have been used toanalyze samples for CH4,
........ ' _'::::::::::::::::::::::::::k_ " ' "" "

ii Data selection procedures See Steele et al. __:::_ _., .i_._ _:_..,:::'.::i::.!_:.:....:._..o,.
(1987), Lang et al. (!!300), and Komhyr ct al, -,,'"- ;_iiiiiiiiiii::iii::i!iiii_!i!::_iiiiiiiii_,, "_iii_i_i_ii!i: ili_i_::_._

......... : i_ .....

I Calibration gases used - CH4-in-air ..... ". _i_:!:::-.:.:.:,!:ili i_

[1653.0 ppbv (27 Apr. 1983-10 June 1985) _ii_..:_.,,.._. _._:_:.'.!:i!:!:i:::!:_:!::::_:i?.!,!:i:!.":!:!:i:_'"_._.................._ _ :i_i_..... iiii
1676.0 ppbv (11 June i985-24 Mar. ",_::_:!:_,!::i........ :_,_:i:!:_:!:._i!i_!!!_!!_-_i.'..:!!_!_i_ii!i__. :_ i._ :i',_ .. :,.:_i_i_i_i_i_i_i_..._iiii_iiiiliiiii!iiiiiiiiiiiii_ .:

1987)]. . "iliii _:_!:_:::_:!:!,!:._:i. _,_...:..._:_._,
:_i_!i!_i_i_i_!_ii!_iii._,> ..::!:::.5.:V._::_.

I Data availability- The c°mplete set Of '_.!!i!ii__ ._ .
NOAA/CMDL CH4 data (including weekly #:¢!_i_!_!!_!_:.',,,

i flask samples) is available from the princip_ "investigators. Monthly and annual CH4 Mould Bay ._ .._

concentrations for ali the CMDL flask Northwest Territories, Canada
Island seashore

sampling sites are available from CDIAC, 76014'N, 119020'W
i "Nowat CSIRO, 15 m above MSL
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Atmospheric CH4

..... j ...... ,................................. , ............. .......... ...............................

TREND

The sampling site at Mould Bay is
operated in cooperation with the Canadian
Atmospheric Environment Service. The ii
annual CH4 concentrations at Mould Bay ii
have risen from 1689.4 ppbv in 1983 to

1i30.2 ppbv in 1985, After fitting a linear
regression to the 12-month running means
to remove the seasonal variations, Steele

et al. (1987) calculated the average annual
growth rate for MOuld Bay to be 12.2 ppbv.
Steele ct al. (1987) also reported that the
five northernmost CMDL stations, including

Mould Bay, exhibit major seasonal mini-
mums during the northern summer months
of both 1983 and 1984. Steele ct al. (1987)
found the deg/ee of scatter for the CH4 data
from Mould Bay was much less than the
other four northernmost sites and suggested

r that this reduced scatter may be a reflection

"_86 of greater distances between the Mould Bay
site and significant sources of CH,I.

i

•. ......................................................................................................
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Mould Bay Alvii,islilieric CH4. .._,., ..... : . . , . ..

.............. ' 'I _ 'I

Concentrations of Atmospheric Methane* R EI:E R I!',N(I',S

Year Jan Feb Mar Apr May Jun Jui Aug Sept Oct Nov Dec Ann l:ra,,;cr, l'.J,, M.A.K. Khalil, R.A,
l<ta,,;ntus,,.it:n,and A..I. ('rawlt+rd, I_HI.

1983 1692,5 1671.4 1662,7 16(_.3 1673.0 1700;6 1701.6 1713.0 1725.1 1689.4 'l'l+cnds uf at ttaust41cric' lucthanc, in ltir.'

1984 1732,0 1740.5 1730.1 1711.8 1706.3 1693,0 1687.5 1690.3 1711.3 1.714.1 1718,5 :i.7295 1713,7 Suulhcrn ! tt'.mi_141t'rc.. (h,,qlhysical

1985 1742,7 1732.4 1738.6 1739.5 1729.7 1704.4 1698.4 1704.3 1722.7 1748.5 1753.5 1747,7 1730.2 Research l,etler,v S: I{i6..l, f_i,
Iqa_er, l'J., M,A.K. Ktt;tlil. R.A.

......................................'............................................................. Ritmllu_;sen, and I.,P. ,"lte'dr', I_,q4.

*Methane concentrations expressed in parts per billion by volume (ppbv). Monthly averages calculated as arithmetic means of individual 'l'r{q>o,q_hr.rit: inel tl,tltt' iii lhc tltid-I',,l ittidc_
flask concentrations that are indicative of background conditions. Annual averages based on monthly means, uf lhr', St_utht:,rn I t¢:tlti,_l_ht't c+,,hmrtlal +g

:It,tOSl_It<,+ric( 'h+,mi.vtrv l: I?-5.LS,
Kllalil, M.A,K,, and R,A. I(ity,tlltl.<,'_t"n, Iraqi).

Atmt+,,.;llhet it' lilt:In,tilt': rr'ct'iii l,,It+l_+tl
Ire.tld.<;. [,?tll'irtmnlt'nta/,Vt'i<'#t<'_' _##I+l

7'u+/lti+d+_+3, 2.l:b.l<,I '-44.

Kt_ulllyI, W,I )., l<t,II. t i;itiltlatli'i, I',14. I fat t i_.,,
[ ..}q.\\/;llt'l Iti',Itl, 'I .+1.( 'IilIWIIV.\V,I,_, 'l'+tvlt)l,

_tlltl K,W. 'l'll(+tlivl!',, tt_,_4_.;, ( ;1_4,,II

alttlt,.<,l+lV,,tic('()+ ili<,Itil+tlti,_tl _, ,tlitl
VatililitlllS, fltlill lt)¢+,_q$2 N( )t\:\/( IM( '['

('()2 fla.<Dc _,_ilill+h"tlitt,I..]<mma/',,f

( ;C_qdi.V:,,+i<:a//,T+',v<'Otc]lll()',5+ifl ] till.
I +anl,.,,,I',M,, I ..l'. 5i¢'uh'> l,t.C'. N'l+_itii_, ali_l

K,A, Ik,'liih+ti it'. lO)li. ,,ItIPi<,.VUI+'r:<'lll<'[/ltl#l<'

data [)Jr the/J<'ri<.l /<)Sd .17,%.[7,,/_i till'

h,;f),,l,'l I( ;J If '( '@,#ml _'<,<q,+'ratil'_' ]&_ I,

.+,'tl##l/_lisl,i_ti<'tw+,,rk.N( ),\A 'l'ct'liilil'ill
Mt, llltlr;tutlilnt 1:,l<tI ..( '.tMI ii .- I, ( 'liill;llc

Mtiniltliinl.', iillti I lial,,iil_r.,li¢'_ I ,_ll+tlllll_i'7,

lltl{lltlt't', ( 'tdl+rallll,

Sicch', !,,i'., I>..I. I+'+a.<,rr,t_,.A. 14li!,iliti!,.<,t'll,
M,A,K. Khalil, 'l'.J, ('.tlnway, A.I.

('rawft_rtl, R.ll. (iamllll_ll, K.A, Ma,<,,iric,

and K,W. 'l'hutlillg. It_4]. 'l'ht:, g,hdml
distril+utlltn t+t'mclti;inc' iii Lhc Ircllnl.<,llhurc,

Journal ++J.'tltti<J,+7Jtl<'tii"( '/l<,ttii,vtvv 5; 1?.5.71,
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Niwot Ridge

BACKGROUND 18oo-

Principal investigators
L. Paul Steele* Russell C. Martin "_"

Pieter P, Tans Ken A, Masarie _ea
Patricla M. Lang ,._

o

National Oceanic and Atmospheric o_ 1700- . . _ . . "Administration e-" .
EnvironmentalResearch Laboratories ,0 . . • , . , •

325 Broadway :_ " ' " " "
" •Boulder, Colorado 80_3-3328, U.S.A, ' "

09
All' sample collection-Whole air samples o "

1,,,,,,

are collected weekly in 0,5-L glass flasks 0 1600 •
exposed in pairs by means of a portable, O
battery-powered sampler, Flasks are flushed ,,t

with air at the time of sampling and T
pressurized to 1.25-.1.5 times ambient CD

f atmospheric pressure, See Steele et al. :i

(1987) and Lang et al. (1990), _ 1500 - ....
Measurement apparatus - The flask ' , l , _ , i-

samples are analyzed for CH4 at the CMDL _ _98,.q 1984 19815 198(
laboratory in Boulder by using gas chro., ii
matographs fitted with a flame ioniz_ttion Monthly concentrations of atmospheric CIt4.
detector, During 1983-1985, four gas chro-
matographic stysten_s have been used to _

_i analyze samples for CH4. :i

ii Data selection procedures-See Steele et al. i_
: ..:;;'.ii,':':'::::!$i:i:i.:.... . ,

(1987), Lang et al, (1990), and Komhyr et al_ ........................:_,':.._:_ :_:_:_ _" -_- ,............_-.....'_-
........................ii_i_ :_ ..,, ,.:....:_ii!_.__i_!_ii!::i::::i!_!iii!::ii!_i!iiiii::iii!i_!_i!;.._:,_

Calibration gases used- CH4-in-air "_iiii_ i::__::_:___:_: _::__)__:: ii::ii::::_"_:_iiiii::i!ii!iiiii!iiii::iiii::iiiiii!_:_,..__!_ __;_;_1_" '
. . iiiii_, ;:_::_ililiiii::::_!_!::_::_iiiii_ii!i iiiilil!iiiiili3!i::_":,"

[1653.0 ppbv (27 Apr. '198.%-10June 1985) _i[.:_:iim.and 1.676.0 ppbv (11 June 1.985-24 Mar, _ _::_:_ _,_:_._-
_: '_ ._.::::::::: :::: $!:._ _a' ::::" '_ i-," _'

1.987)1. "_i_::_i_:. ::_::ii::ii!i::ii_::_i_i_::::ii_iii_::_!_!_i_i_i_i_::_,. "_[:, ,_i._ ..;1!....,.:,
•::::i:::::::::k '_;_ ::i:i:!il..'.'iiiiiii!!!ii!!i _ '_..'3::_...:_:.i'_.

Data availability-The complete set of ...........................................
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::ii_i_::_i_::_ili_i_::ii!!ii:' ".::.".!.. . i_i_::..i'_,,t_,

flask samples) is available from the principal Niwot Ridge :_::iinvestigators. Monthly and annual CH4 Colorado, U,S.A.

cxmcentrations for ali the CMDL flask Alpine t_loltntaitl
: sampling sites are available from CDIAC.ii 400 03'N, 105 ° 38' It,'
ii *Now at C-";IRO. 3749 m above MSL
'i..... c,cc..,_...., ..,c...,.¢,... ¢., ._,.,_ ¢.,.. c.._'_ ......... ,,. ...... ., ................. ,.,,
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Atmospheric CH4
_:_'_.._:_;_:_._.:_:::::::::::::::::::::_:_._._.;;_::_::_:_:_:::_:_:_:_._::_:::_:_:_:_:._:¥_:_:;_:_:_.._._._:_._.:.:_._._:_:_P_:.:_._

The Niwot Ridge stationis operated in
cooperation with the Universityof

,_Colorado's INSTAAR. The average annual
CH4concentration at Niwot Ridge has risen
from1632.2 ppbv in 1983to 1684,3 ppbv in
1985,Steele et al. (1987) compared the CH4
data from Niwot Ridge and the Azores site,

f because both have similar latitudes, and
found that for extended periods of time the
CH4 concentrations at the high-altitude site
of Niwot Ridge are lower than those at the
Azores site. Steele et al, (1987) also found a
difference of 17ppbv when comparing the
1984annual mean values for the two sites,

"_
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Niwot Ridge A|,ii(isl)liei'ie ('114

Concentrations of Atmospheric Methane* !,....... ................. Rli4,FI:0_I{li;NC,I!,S ....t

Year Jan Feb Mitr Apr May Jun Jul Aug Sept ()ct Nov Dec Ann ] F I;'rlu:,t',r,P,J,, M,A,K, Kh:tlil, R,A,[_;iSIIIIlSSt_I1,_ifl_lA,J, ('l'itW['tlrd, 19_1,

1983 1603,5 1645,6 1625.7 1.653.8 1632.2 'l'rends til' alultl;ipltt.,ric nlt_lhiule, iii lilt:

1984 1669,8 1688.0 16'77.8 1675.6 1669,0 1660.9 1647.8 1664.1 1,695.3 1679.1 1678.4 1673,3 S_ltlhcrriI lenti,qpht_re, (,'e¢_lUO',vi_'.l

1985 1693,6 1.681.,2 1689,3 1676,9 1692,4 1653,8 1659,5 1678,3 1695,3 1.706,(I 1700,5 1.684,3 Re,veut_41 Letters 8:I1163 (>6,
lgast'r, t',,I,, M,A,K, Khalil, t,t,A,

...............,................,...........:...................................... P,a:inlusst'tl, and l,,l', ,";Itrc:lc', 1!_8,:1.

*Methaneconcentrationsexpressedin parts per billionby ,volume(ppbv),Monthlyaveragescalculatedas arithn'ieticmeansofindividual 'lYl_pt_lflat_ric lllt'[ ham' iii lhr: nlid. lal iltltlt:t;

flaskconcentrationsthatare indicativeof backgroundconditions,Annualaveragesbasedon monthlymeans, t_l'tlw ,q(ullht,in [ lt',tui,i,l_hert!,,It.trnal _['

,'l ¢ttlosp/l(,'ric ('/l_.'ttli.vttw I' [:_'q-.1_5,
F Kliltlil, M,A,K,, anti R,A, t_ithllltlhht!lt, I!F)().

Alintlsllllt'rlt' nlc,lhllllt!: lvcciil l,,,Itflllll
' li'l.' title, lgtll'il'fHlllll!lltfll ,h'eietice arid

"1i'_'/Itl<d<_,l_v?,.1:.5,lII 5.1_,

1_ Killlihyl', W,I I,, 1,_,1!, (.illllllllllll, 'l',ll, ! larri,,,
I .,,q, _Vlilt'rlli;ill, '1',,I, ('llllWily, _V,l,_, 'l'a)'lt_r,

iintl K,\V, 'l'lliliiiiiF,, 1_l,_4q,(;ltd,al

i alllltl'c'iliit'l'{t' ('()2 tli.<dliilllli(lli ,<iillll[
:i

7] Vlilialiillih ['il,rli [ll(,S S,._ N()t\/\/(iM(il{.'( '( )2 Ila ,<;k_:,aiilllit' Iiiila. J<litrtl./eJ['

ii (,'e_Jl,/l),,,_'ii'a/[,_e,ve<lrl'h_,1()',_5,f(7_ll_,
l,lilll,,, t',M,, 1,.t', ,<;itri'lc, 14,f.' Miirlill, allt[

K.A, [Vlii.qiilil', 1uI)(I, ,.ltt_z<w_hl'rie ttl_'t/lfHIo

data fi_r the pl'li_J¢[ /?,'¢./ 178517'<,#1 tlz_'

N( ),.I ,,1/( ; J l( '( ',lg¢,/Jit/_:_,_q,eratii'_' Jla.sk

: ,VattllJ/l'#ll' tl_'ttV_.'k. N( )A,& 'l't'ciinical
' t Mt.'.llitlrlilltltllli I",ltl, ('MI)l,-I. ('liinlitt'

i I Mtlnilorillt. t ;111(1[)iill,ll(i.<dit's I._tti(irai(il'7
i [:lilult.h_,r, ('lll(_iatlll,

i Sloe.lth 1,,1'., l'.J. l"rast;r, 14,i\. 17.a_lrlil_14eli,

M,A.K. Khalil, 'l'.J, (,',tlllWity, A,J,I+

(_'.rliwfllrd, l,t,l l. (iillillllOli, K.A, Maslu'it',

itnd K,W, Thoning, 19b;7, "['ht" gh_l,el

i ttistril_uti_ln o1'nltghaile iii the. triq_(iSllhcre.

i Jourtial ofA tttimll_heril: C'hettii,vt_., 5', 125..71.

tl I _
h,, ,._ ............................................................................... !
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Palmer Station (Anvers Island)
_::"1,,_:::I::f.1_:_:::::',fq:'.:l::_fq::_._,_I_',:_:I_;:_;:_I_9,:::I:;;::::::::9,::::',I::',I',I;_:?''.::I::111;::::1;I:_,_:;_';_'_'_,¢'._:ii:::::;;',;1_;_::;_:I:;::;'::'._',:,q:;;',;:i::I:_:;;1_:::1:I::I;_::;'.:;:;;I:'_',_',;,_:fI:::::9,_I:::::::::;:;;:;_1:;;:::::_;9,::I".I:::i:_l::i:_:;I::"::i.'1::::;l:I'::_,_I:_:I;¢:;',:::::;;::::::9,::_:_I::;_::':::;:_;:::I::;:_i;:;_:;::_q:::;_::li:l::;:l::?J;:I:::;:;>.;_;{5,_:::;:_;:;;_::_;_:;:;I:l;II ii;:I::;_::::;,;:.91::f,fq:l:l:I;_11:9A:_:I;::_::;;;_:_::;::I:::bI_;;:::::i::::::::fq:::?.:::gA:::;:I;I'::I:::?,::l::_fq:II;:l;;:i:_t;;::;:fi:::I_:I;::I:;:1;,,:'i'l

..............................................................................................1 800-
Principal investigators

L, Paul Steele* Russell C Martin

Pieter P, 7hns Ken A, MasarCc ._

Patricta AI, Lang ca
National Oceanic and Atmosptmric

Administration _ "17'00I::
Environmental Research Laboratories 0

325 Broadway . "_
Boulder, Colorado 80.._B.3328, U,S,A,

Air t_amplecollection - Whole air samples 8
are coUected weekly in f),5-L glass flasks c- , , •
exposed in pah's by means of a portable, 8 "_600 o . .• • ii I

,qalll • obattery-powered pier, Flasks are flushed ,, . , , . . . .
' • • •with air at the time of sampling {Arid _: • • • • • o o

pressurized to 1.2.5--.1.5times ambient f,.) , •
atmospheric pressure, See Steele ct al, " . "
(1987) and Lang et al, (I.(8X)),

Measurement appanltus-The flask 1500 .......... I i

samples are analyzed for CH4 at the CMDI.,
laboratory in Boulder byusing gas c_ro- "1983 "1984 "1985 "1986,
matographs fitted with a flame ionization Monthly concentrations of atmospheric ('tl4,
detector, During 1983-1985, four gas chro-

matographic stystems have been used to ....... __::::iiii_!_;.,._ _- _::..........,::?::_.,:.:.:..,.._......
analyze samples for CH4, _:_:,::<::ip__ ,.. ,,_ ......._:.:_:_:_:_:_:_::_::=_:_:_:_:_*_::<_:'_:'_.

l)ata selection procedures-See Steele ct al, ,,,,ii_/"iiiiiiiiii::::::ii_:_:,....::.,:_!::_::..,, .:._:_!_i_::_::::::::::::::::::::::::::::::::::::::::::::::::::_._.._:_ii i!i:::"::!::::.,.._ :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!!:i'/."%'

(1987), Lang ct al. (I!_K)), and Komhyr ct al, __ :_.;; :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:iiiii!?:............ '_ :!ili! ii i!:::.. ::!:.:::..:iiiiil)_!ii!!i!iiiiiiiiEiiiiiiii !ii!i

Calibration gases used- CH4-in-air __:" " ' :!.......:::::::::::::::::::::::::::::::::i!__i:i:f :_:_:i: .__
::_._:!i:i:.i!, .:_ii!i:i::!:i!i!iii_i!_. .:_.'._i._i ..::._'_ .................. : :.:':': : : :m '_'_ " ",.

[1653,0 ppbv (27 Apr, 198,3-10 June 1985) ..:_::_i_::_._j *_:_:::::__ :.t_. i{_(f,ii_._?:.<,:.a.

and1.987)].1676.0ppbv (11 June 1985-24 Mar, _:'!{ii{{{i{ii_{i:i!({ii{i_!!:: '::{{ii{i)!ii{i{ii{i{i!_)_i:. ,.:.:.::i:i.,,::,

Data awiilablltty-The complete set of ._

N()AA/CMDL CH4_data (including weekly ',: ._

flask samples) is available from the principal Pahner Station
investigators. Monthly and annual CH4
concentrations for ali the CMDL flask At;vet's Island, Antarctica

, Barren island seashore

sampling s_tes are available from CDIAC. 64055'S, 64° O0'W
• Now at CSIRO. 3.3 tri above MSL,, ,,.,,,¢.,,. e....... ........ ..°¢., .......... .. ...... ....... .eH,,,..,,.,,.,;
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Atmospheric CH4
'_,_;;:l;:;;;',b:_'e_,i:',;_.:::;:;:.:+_.::..:.:;_'r_"H;H<q:_-',,V,',_','c',,'A.;: _'.,:: ',__+;_s _ _H.:,_;_:;___._.:<.;',,: 'A,',;:__;;',.?;',/.+', :_:._ ',; ',_w.._._c'`__:;_;: _,._+.H_.'.:.Z_.:__-V,+_.;:,;;: _;.__;

The t'tlhner Stllllon sit_ is opertlt_d in

coopuraliun with lhc l,,ttl_uratt_ry for
At tmmphoric Re,seiu'ch at Wllshington Nlalt;
University, 'I'hc ttnntlld lworagc C.H,Ieun,,
eentration from t'almur Stttl[o_l lneruasud

l'rom 1558,4 ppbv in 1983 to 1587,5 ppbv in
1985, Using 12-numth running means (Io
removt_ suasonal variations) l]llud to it
quadratic t'unctitm, SIo¢.',I¢:el al, (1087)
l'otlnd Iii<+lWcrap¢ grt_wlh rtllc +.trPalmer
Station to be.26,0 l_pbv pcr year,

Stc:clt:,ct al, (1!,_87)mad¢ direct
comparisons o1'lhc N()AA/CM D L,CH,I
datawiihin situmeasure!merits ul'C.lI,Iill

PalmerStationmade byRobinsoncl+d,

(19(",14)during1982--1983and,foundthullhc
1983datafromhuthrecordscxhibila

seasonal cycle that is shuilar in phasv and
amplitude,, Howuvur, the cor_ccntrtdkm_,

]6 t'eportedby l_.ol+inst:mcttil, (I+,_8,1,)wure

.--._Ippbvlowerthanthosercpurtcdby
Steelecttd,(i!,I_;,I'7),RuI'_in,,_onutal,(1084)

also reported _o increasing trend in Cll,l at
Palmer Station, This t]nding dift't_rs fr(un lhc
findings of Fraser et al, (1!_84)and Steelu el
al, (1%17),

............................... +,,,+ ..................................................................
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Point Barrow
.%................°...,......°%..%.._...°......%................,....%..........%...,......,.%%.¢....%•__.%%%.°..%%.....,....._ ...._......y ....,......,.....,.%..,...,.._.,.......

,' BACKGROUND _8ooil
iiPrincipal investigators

L. Paul Steele* Russell C. Martin _ . .

Pieter P, Tans Ken A, Masarie ._ . . " " •
Patricia M. Lang c'_ . " " •
National Oceanic and Atmospheric "-" " •• • • • •

Administration _ "1700 • '_ • "

Environmental Research Laboratories O . • .

325 Broadway "_

Boulder, Colorado 80303-3328, U A.

i. Airsample collection- Whole air samples _ '
are collected Weekly in 0.5-I. glass flasks

o 1600-
i exposed in pairs by means of a portable,
i battery-powered sampler. Flasks are flushed ,r
i:with air at the time of sampling and "1-

pressurized to 1.25--1,5 times ambient C)
atmospheric pressure. See Steele et al.

i (1987) and Lang et al. (1990).

Measurement apparatus-The flask 1500' : ' I _ ! l -I-

i: samp|e_ are analyzed for CH4 at the CMDL 1983 1984 1985 1986
laboratory in Bm_.!d_'rby using gas chro-
matographs fittc :_,_vth a flame ionization Monthly concentrations of atmospheric Cit4.

detector, During 1983-1985, four gas chro-
matographic stystems have been used to
analyze samples for CH4.

Data selection procedures- See Steele et al. _- "_":"....:":::__:::":_":":_'..............•,,,_.:.:.:.:.-.::::'::::... ...,-. ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

(1987), Lang et al. (19)0), and Komhyr ct al. ...:¢:....::.ii!_.:_S_j,_.i.:_ "_..,._;_ii_i.':.:.ii_)i!_ii_!i_:i!3)i:_ii::)!_i:.i:i:i!!;_i_::_"

(1985). , :.._@. .::__

Calibration gases used-CH4-in-air _!!_(_:_::!_ii!i.: ,.... - .........-.:_:_::_!.::,_:!:"r!:_:_:_:_::_:_:_:_:_........!::_.:":_:!..........__......... _IP ............ ::::--..:.:xi. :::::::::::::::::::::::::::::::::: "
:' ;::':::::::".... . _..:_::::::::_::::'.'.::.:::::5":i:'::::. :'_::::" :::i::" .v_:..:::::.. :::'.":!:i:.,, _ •[1653.0 ppbv (27 Apr. 198,%10 June 1985) _ !_": ";;: ::: _l ';':*':_::'.::::::::::::::::::::::::: "';::::::*.5:*' :."::;*.'" ';_ ";:;'."

•..:..... ._ ,,. :_:'.:".. :::.. -,::::.....:-::.:.._._..: ....... _ ,.... _ "" :'" .................................. :l,, iv.. ..'_:_ "and 1676.0 ppbv (H June 19_5-24 Mar, .. t ............... :....... _} •_,;.:, .:. "_ ::..:...:.:..:......:;:,...:.:.:.....:.:.:..;_.:,:.;.;....:.. _ ._ .,.. .:.. "JW ' '

1987)]. "'_._::."::._:..::_:...'..._:__;_._i_:._:::.:.:..:.:.i_::ie" "_._,_"_,s-,,,,:::.".:2..J-,,._._..,.,._._;:,_.

Data availability- The complete set of ....!ii__i: _ilii. :::_:i:i_._'._::.:._._-_..... .,,

NOAA/CMDL CH4 data (including weekly .. ,.

flask samples) is available from the principal Point Barrow

i investigators. Mo,thly and annual CH4 Alaska, U.Sdl.concentrations for ali the CMDL flask
Arctic c tstal seashore

sampling sites are available from CDIAC. • 71 ° 19'N, _56° 36'W
•NowatCSIRO. 11 m above MSL
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Atmospheric CH4

:i TREND
.:

The sampling site at Point Barrow was
est.,blished as a CMDL station in 1973 for

the purpose of measuring atmospheric CO2
concentrations. Analys_s of flask samples
for CH4 concentrations |_gan in 1983. The
average annual CH4 concentration at Point
Barrow rose from 1697.5 ppbv in 1.983to '
1733,0 ppbv in 1985. Steeplect al. (1987)
reported an average annual growth rate of
15.7 ppbv for Point Barrow and observed
that ali of the northernmost CMDL sites

(Cape Mcarcs, Oregon; Cold Bay, Alaska;
Ocean Station "M," North Atlantic; Point

i Barrow, Alaska; and Mould Bay, Canada)
::exhibited major seasonal minimums during

i the northern summers of both 1983 and 1984,
!

36
i
i

i
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Point Barrow At,t,osphericCH4

Concentrations of Atmospheric Methane* * REI_ ERIt;N CI!_S
Fraser, P.J., M.A.K. Khalil, R.A,

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann Rasmussen, and A.J, C rawlord. 1981.

1983 1699.2 1676.4 1682.1 1678.4 1686.9 1707.0 1727.5 1710.8 1709.1 1697.5 5 Trends of atmospheric methane in the

1984 1734,7 1759.9 1728.7 1.716.9 1711.9 1700.3 1704.4 1708.3 1728.6 1732.1 1721.4 1739.3 1723,9 9 Southern Scmisl_hcre. (;cophysical

1.985 1741,6 1738.9 1739.7 1750.7 1733.8 1711.7 1692.4 1708,5 1721.7 1757.3 1753.0 1746.2 1733.0 0 Rcsearclt l,etters 8:1063-+(_i.
Fra,;cr, P,J,, M,A,K. Khalil, R.A

.............................................................................................................. Rasmussen, and I,,P, Steele. 1%54.

• Methane concentrations expressed in parts per billion by volume (ppbv). Monthly averages calculated as arithmetic means of individual Trol)ospht:rlc met ham; ira the mid-I;,:t ii title,,;

flask concentrations that are indicative of background conditions. Annual averages based on monthly means, of lhc Sotttht.',rn | lu,mi,sl_hcrc. Jotgrnal of

Atmospheric C/wmistm l' 125.-35,
Khalil, M,A,K,, and R,A, R;txmti:;stm. 1!,_,_) i

Al mo_phcric met bane: recent/dubai
trcnd_, 1,7tlvirotmwnlal Scicncc el#irl

T<'chm)logv 2,t:5<10--+53,

Ktmlhyl, W.I I., ll.I t. (}illlllllllll, T.B. l l;trt is,
[.,,S, '_'k,lillt'l'lll;lll, T,J, ('_mway, W,R. Tayhlt,

und K.W. "l'ItuniN++,.I<,_,"45.(;hd+al

altnt+_l+hcrh' ('()e di_tril+tlti_+ns atltl
vitri_ltit_n_ I'r_tn lt)6F, ,",;2N( )AA/( ;M(,'C

(i()2 l+la_k ,_atnl_lc t{,ll ;t. Jtnlrnal t_J"

( ;c<qdtvvi<'al Rvs<'arc/i ',_):55C/ q6.

l+ang, I',M., 1,.t' Stuck', ti,('. NI+ittin, anti
K.A. Nt_t_,+tlit_.Iq<)tl. :lttPt+wdwric trl<'thtltic

dat+z fl_r lhc I,('ri+_d 19S.t l?,'_'5,(r_mi the
N_ ),,IA/( ,'A[( '(' ,i_h_l_.l cocqwrtltirl' fl.sk

.wmlpling n<'tw<nk, N( )AA Tuchtlic;ll
Mcnlutantluin 1:.I,_I.('MI)I, I, ('limatc

Mt+iaittll+iilt,, ,in({ l)iitlr, ntIMic,_, l..,;itltlrat¢iry,
[i_tluhb: r, ( ',tlhirathl. i

Steele, l_,.!'., i'.J. l+'ra_ct, R.A, R_i::,llltl_Ori,
M.A,K. Khalil, 'l'.J (hinwity, A.J.' i

Crawftlrd, R.It. (;amnion, K.A. Ma,,;aric, !

and K,W. 'l'honing, lq87. The global
distribution of mot hanc in the troposphere.

JourtttJl of A ImoslJh eric (..;trcrnist_ 5;I Z5+-71.
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St. Croix
:,':'_,6,:';::;:i:b_,;:"::::::::::::::::::::::::::::::::::;'-'::1;:;;:_;;;:;:":;::::f;:::::::::::::::::::::::::::::;:::i:::':;:I;"::;':';:;;;::.';;::;_I:::::':::_;:_:1:4:;_::;.:::_::f_:;:I;:::::,___':::,q:;:2: ,_';_:"::':::;::':_::_:';f':;:';:-":::'1:;;::::_:i:;:"::_:"::;::::::_.:::::":;i:::I.q:::::::.;:::"I;';,q::':::;:::;::;:;:':fq "_:f':';i::;q:':" _,:::;_:q :',";::::;i",':::'::If::2 ::k;::::,':q;":9.;f:::::::::::::_;:::I_:I::::::_:;;::;"I:::::4::.:::9:""::q:q:;f':_:::::;I:::::;:f ,q::;1;:;;:::g: :;:;::::;:_:::9: l:"::::":::::::'::"::_5::;:;::;::"::::;;::;:::::I[

!_.'.'_......`_.``....`.`'...........'....'..`......._....._.....v...'........._....._`....v...°e....`..'..._....'v..'.......°'_........_...........v.v....._...........'_..`_...'.........'_....

BACKGROUND 18oo-
i Principal Investigators

: L. Paul Steele* Russell C. Martin ,_,
Pieter P. Tans Ken A, Masade .0

[ Patricia M. Lang gR.
National'Oceanic and Atmospheric "_

Administration cn ,1700 •
("" o •

Environmental Research Laboratories O . •
325 Broadway '_ •: • •

Boulder, Colorado 80303-3328, U S,A. _ • " " " " . " . • . • "

Air sample collection-Whole air samples t_ " "
are collected weekly in 0.5-L glass flasks e" .

o 1600
exposed in pairs by means of a portable, to
battery-powered sampler. Flasks are flushed
with air at the time of sampling and "r"
pressurized to 1.25-1.,5 times ambient 1. tO
atmospheric pressure. See Steele et al.
(1987) and Lang et al. (1.990).

Measurement apparatus - The flask 1500 - , i 1
samples are analyzed for CH4 at the CMDL
laboratory in Boulder by using gas chro- 1983 1984 1985 198,
matographs fitted with a flame ionization Monthly concentrations of atmospheric C !14.
detector. During 1983-1985, four gas chro-
matographic stystems have been used to
analyze samples for CH4.

Data selection procedures-See Steele ct al.
... ...:...:..... _,_ a.,..,_ . :_::.:::_...:...,_.r'....

(1987), Lang ct al. (1990), and Komhyr et al. z,:_-._::_ ............ _:_,::: ,: ..........._...................•...........:_,,_._,.,_"':_ ::: ". .. • :'"".::'¥x:i:::.'":!:4 :::?-::.:::"::.!:::.:: .::-:::i::i::" ' _,_
:::::::::::::::::::::: ::::". :. :0 :$ .:: :::::::::::::::::::::::::::::::::::: ::::'i::_:' :.:,.:_.="![

, .,,_r 7_:i:?:.::.!;:::!::::::'!:!x_;i:._ _. ;%::::::::::::::::::::::::::::::ii::i:i:::::::::::i:::i::.::!.".:.:::i :::::'lP,
Calibration gases used-CH4-in-air *_'" _ ...........................":_" ......:_:::_ ...............................'"" ......" "".::.:;::;::;:':A : :":'..... .. :" " ".'.:'ll_" ::::::::::::::::::::: ::-:::::':< -;::::.::'": _

[1653.0 ppbv (27 Apr. 1983-10 June 1985) :_i_:.:_!::::_:>:::_!_:1 :_:-_:._....'_*:_;_;:_i_!;:::_:_>:::_%;:;:_:__.'"r'..;-;.'.&.:.::: ::.:,,.:.-,-.: . "':: ' "::%.;.,;-,.,.::::.:::.'::1:.'.:::_ ._: ' '-::: ::'..k:. ::" : :.'.'.',: ' " ' ,. I

and 1676.0 ppbv (11 June 1.985-24 Mar. -- _ _ ........................, ..............
....... _ : ................................_ ...... 1_._ ........... .,.:.............. ......-: .... ,_ .... 0_.,

1987)1, ::I.._ :_iii:::!.-!!:::::!_:i::_::i:.i::::,>:.:- .i_, _ .....x
. ::.:.!ii:ii:-i?i.::::_!:.:.:::...... :_i:ii.!_!_i:ii::.:::' _.:_- ,._t:_ ".,__)-%...'.."Data availability-The complete set. of

NOAA/CMDL eH4 data (including weekly :;,:>:-:::::.::.._?'iI::::' :_:.i___":::::::::::::::::::::::::::.:": ..._i);i_""-:""::

flask samples) is available from the principal St. Croix

investigators. Monthly and annual eH4 U.S. VirginL_'land_
concentrations for ali the CMDL flask Island seashore i_i_i:.

, sampling sites are available from CDIAC. 17° 45'N, 640 45'W
• Now at f'_lRO. 3 m above MSL
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Atmospheric CH4

TREND

The samplingsite at St. Croix is operated :
in cooperation with Fairleigh Dickinson

University. The annual average C_[4 jcamcentration at St. Croix rose from ,"
1637.2ppbv in 1983 to 1(_i7,9ppbv i,_ _'i.985/

• By fitting a linear regression to the ', /,
12-month running mean values, Steele et al.
(1987) calculated an average growtt_rate of
1:1.7ppbv pcr year at St. Croix.

_1I i1' i ,,, _1..... ii H



St. Croix At,,,osl,l,e,'ic ('tl4
_':'l':,:'.'Ol'{'._+:';d'l'l'_"_'_:. _4":.;.I.:._..'.:d.:.;.:_:!;'_".o;'6:.:'_.:.I.:!:.'.!.'-.:.:, _I:+1+:';.:.;'i';.'.':o:';!_'_o_';':';'_'_'_'_"_':':'.'°_!d._q.;.:._.:.>_:.:°_:_ 'I':¢.':';'_°_':_:'_q!:'_'_t;_I.-'_I!;._.:._.'..:.{._._d'{!;_:_.'_;.I..J":°:o'.!I-td!I.:!_';_:o;d'%'.o.'.N'_.:!:o:+:..+{.:.:o..i::.:.:°:+la../.::.¢'..:o:o:_:°I+N.'.!:.I_:'.":d' I-:._'l.l.5_.:.:o$:.I_It;°{4"I+:• :°:o_';-;..";!:'l°I4":°N+{°I-',;+;':';+_'_.'.°{+:d':°:'{':..":.I+Iol'l':+}; +I°?.:O:o;'_°;°._';d'._q.:°;°;,'A +_';°;'Iq°.'dq.:+:.I'_.;.I'l°_.I.;°:qd.."_.:°lo:°;4°:°:o:.:°;.:4o'¢5._4"Io:+:4+;.:.:.'.°:°;...;o:°l...; .:.. .... .

Concentrations of Atmospheric Methane* lt I"_li'I",RI!',N( II,;S

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Ann lqa:w_, I'.J., M.A.K Khalil, I_A.
lla_,mtt,'-,scn, ;_tut A,J, ( 'l it_,t,'it_[d, 1_";I,

1983 1609.9 1628,0 1632.5 1637,4 1645.5 1652.5 1654.5 1637.2 'l'_t' IltlS t_['iii Int_hllilt:! it' Illt'l ham:iu ltir.'

1984 1653.6 1654.5 1643,8 1653.5 1656,5 1635,0 1643.5 1646.8 1643,4 1643.4 1660.0 1684.1 1651.5 Nt_ltlht,rn Ilt'mi._,l_llt'_'.,(,'t,,,phv_tt'al

1985 1669.2 1665.9 1673.6 1672,1 1661.1 1.656,2 1647,9 1657,8 1654.8 1676,'2 1(_5.0 1.695.5 1667.9 l_eseur_'hl,rtt,'ts S:li_',_,¢,6.
l:F_|ht'r, I'.J, M.AK. I,:l_;_lil, I,_..A

............................................................................................................. l_._t_,mllgy;t'n, ;_l_tt 1,.1'. _ t:t'lt'. IllS,l.

•Methane concentrations expressed in parts per billion by w_lume(ppbv), Monthly averages calculated as arithmetic means of individual 'I'_t,l_t_.l_lwtit nwl }lz_l_t'i_ II_t'_,itl i:ttit tlth'_,
flask concentrations that are indicative of background conditions. Annual averages based on monthly means, t,l ltir' Si ,til ht'iii I l t'l;li!, I'lit'it' ,l_,tttna[,']

Kh,_lil, M A.K. ,i,a_l I_A. I'_,thlllllh_A'l|. I I)_l

,"\ll_t= ,l_ht'_ it" lilt'Iii,lilt' l t't t'lll _' t,l_,=l
t=t'n*l l'.'/ll'l,'_L'l//It'll[N[ .'_'_ lt'Iii _' t/lit[

i'_'lht_,,i,_t 3' ?1 '_.1'_ ',_,

,t_!,l K,W l l_,,l_' I '_,' <il,,1,,_l

_,_vt,lll_',tt',f't,_a_l I_,"; ?":.'T",I().'_,'\ '( ; NII '(.

K. ,'\, kl,_,,,lit' I '''_1 t,',_t,,.,/'h,'l, ,,,l_'th,,'_','

_k/ta /,,_ rh, ,l','_t....' /,J', ,' /'_'",, /,'....,I tt_'

_ti/tl/_/Itl,i[tlt'ftt,_!l ",t ) ", \ l t_ Jllttt ,li

;",l,,l_l,,_ll_' ,_,t l_t:'ll ",lt , , I ,lt,,_t,_t,,l',

l_llt.,tlit',llli_,ll ,_1I_v,'ltl,ll,: In Itri ll,,I.,'.t',l_'._t"

TRENDS '90 '_/
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Terceira Island (Azores),Co.°,,...... _..... • .......................

BACKGROUND
,_ 1800-

Principal investigators i
L. Paul Steele* Russell C Martin i

Pieter P, Tans Ken A, Masarie i .I3
Patricla M., Lang , !i (:3.
Nation'al Oceanic and Atmospheric ,_ " • • .

Administration ta 1700 • • •
Environmental Research Laboratories O . . • • .

! 325 Broadway '_ • • " "
Boulder, Colorado 80303-3328, U.S.A.._ • . .

C::

Air sample collection- Whole air samples
are collected weekly in 0,5-L glass flasks C::
exposed in pairs by means of a portable, O "1600
battery-powered sampler. Fla:,ks are flushed C)

,q.

with air at the time of sampling and
pressurized to 1.25-1,5 times ambient C)
atmospheric pressure, See Sleclc ct al.

(1987) and Lang et al. (1_0).

Measurement apparatus - The flask 1500-
sltmplcs are analyzed for (2tt4 at the CMDL ' _ ' _

laboratory in Boulder by using gas chro- 1983 1984 1985 1986
matographs fitted with a flame ionization Monthly concentrations of atmospheric CII4.
dcleclor. During 1983.-1085, four gas chro-
matographic stystcm,,, have been used to
analyze samples for (71-t4.

..... .s.;!,_:_ii:.:_:,,, _.- _,....:..........
Data selectionprocedures- See Sl.celt ct al. ..:ii_:_::::_:_._::.._::_::._ _,, ......._::_,:.::_::::_!_)_::_;:_?:::::_..........-,,
(1987), Ling ct al. (19_,_1),and Komhvr ct al, ' . _ii_:!i:.!i:.):.::ii::i!il.v::.:.._:)_::i:_:,, ., .._:)/:iii!i::::::ii:.::::iii::::i:.:.¢!:.::ii!:.i:i::i.:/:_,_

, "_" '_!i:!!!2!ii!!!i!i:i!:i!::.:::.:i!ii:_,, .;_'.,i,!.:.. ii.:i!!i_ii;!!!i?!iiiiii!!ii:',i!i: i ii _,_:_\ •

Calibration gases used- Clt4-in-air , ::_:!!i_: _i!i:.!!ii!_i]i_iii!::ii:::::_!:_:_i!i_::]_!2_:_i;_!:_:.ii:.i::!ii:i!i::)"r
116,53.(Ippbv (27 Apr. 108.'L.10Juno 1.985) :_-:m: ,"_. !!_?!:::_!ii!iii:iii!iiiiiiii_!!i?Vi!ii;:t", :::_r !!_::i!ii_,,"_"•,,: x. .:!:i:!::i:::::::::::::::::::::::::;::i:i::i:i:._!::i:..... 'i:!:: :i :: ° :

.._ ...... :., .:: ......... :::: ...... :::::::.:_ .: . . ._,,_ .., .:.. ...... ,,,..:.:.:.:.,.:• .:.., .:.:.,,.. ,...:.. ,:,. : ..... , /_

and 1(i76,0 ppbv (11 Junc 1985-24 Mar. ::;:!:ii_ii:i!;ili._."_i;iii!ii_!i!;i!_!ili;!:;i:!i!__ ...::::_,../,.'%
198'7)]. ' ._ii!!)ii!!i-,.'ii!ii!ii!i!i!i:_ii!i!!!!iii!:::::i:i:i:i:!:;.!:!...................... ='_,._....

NOAA/CM DI, CIt4 data (including weekly 'ili_ ii_ 1' _'2__i_ _'_'_x:'
flask samples) is available from the principal Terceira ,' ,, ::_:: ,, ......
invest igators. Mont hly and annual (71-14 :._, .ii_
concentrations for ali the CMDI., flask Azores, North Atlantic

.,. Islan d seasllore
sampling sites are available from CDIAC.

38 °45'N, 270 05'W
:. * Now at (?,SIR(). 30 m above MSL
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Atmospheric CH4

_ TREND

The average annual CH4 concentration at
the Azores rose from 1669,0 ppbv in 1.983to

1702,3 ppbv in 1985. By fitting a linear
regression to the 12-month running means,
Steele et al. (1987) reported an average
annual CH4 growth rate c)f17,0 ppbv for the
Azore.,;. Steele wt til. (1987) also compared
the methane data from the Azores and

Niwot Ridge sites and fotmd that the long-
term averages for concentrations at the

high-ahitudc site of Niwot Ridge were lower
than tht_se at the Azores, When comparing
the annual mean values for 1!,_84,Steele ct al.

(1!_87) t't_u||d the diffc.rcnce between the two
situs Io be 17 ppbv.

The Azores sampling situ is operated in
cooperation with the 7rh Weather Wing of
the United States Air Ft_rce.

3
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Terceira Island (Azores)

Concentrations of Atmospheric Methane* I_,I",I<'I"_I{I",N( 'l_;S

Year Jan Feb Mar Apr May Jun Jill Aug Sept ()ct Nov Dec Ann I"_a_,e_,!'..I,, M.A.I<,, Khlllil, R.A,

1983 1678,0 1672,0 1652,5 1651.3 1670,0 1679,5 1675,0 1673,5 1669,0 'l'rcud,, ld' atilltlrilllwrlc IiIt't}latw iii lilt'
1984 1689,9 11699,2 1689,1 1t_95,0 1689,0 1681,5 1649,8 1689,1 1685,7 1726,5 11711,5 169i,5 .q_lulllc'rn i l,.'llii.',llllt'lt'. ¢,'_'_,lJltv_ical

1985 1682,7 1713,4 1703,2 1.7111,7 1718,1 1(.._9,4 1683,9 1698,9 1719,9 16_.,XL2 1713,9 1702,3 Re_'_'ut_:hI_'m'r_ ,_'liX,?, _,_,.
l'ri_,cr,1.',,I.,M.A,K.Kll;llil, I<,A.

.............•............................................................................................... l_,a_ulu_,.,,e_i,illi_lI,I'.,_lecle.II},%1.

•Methane concentrations expressetl in parts per billion by volume (pplw), Monthly averages calculated as arithmetic mcatl_ t_findividual I'l _,l>_<,l,lW_i_'t_t'l I_t_t _ I lie _i_l I_ttii tl&'<,
flask concentrations that are indicative of backgrotmd conditions, Annual averages based on monthly means, _it lhc _,111}wl ii II t'llii',l_ltt't t'./I,tlttl,,tl _/

Kh_llil, N1.A,I'L,, ,lilt[ I,_.,'\ I¢,l',lllll<,_,t'll. I'#_).

l\lilill_,[t]li'lit liillli<liit'; ICl viii l,,[lli_,tl
IIt'li_.ih, /#llt/_m,til'/l(_l] t_ t_#l__' _ttl_/

/l'i}ltl,'_ll,j_w >.1 ;-I'J ' ',

['_._,illil_,l t,l',' I_ I' II i,iliiliil'li II1 ii,iii|',,

[..!',. \l(,ilwI tli,lll, [ I ( ;li'_,,i_. \_,' I'_ I,i$[t_i,

,till[ t'{ \k" { }l,llllllt' '1);', I 7!,_i,.ll

,llllill,,[llll'lit I I I _]i-,lli},tlll ,li..,lllll

','iili,ili_ll', il_llll ['1f,.; %' "41 I \.\ ( XI(

('(1' II,l',L ,,illll,l< <l._i_ t ,I_,"t,_,", I

[ ,llil',, I' ,'XI., I I' ',1< ,I_, I:. (' \l,llllli, ;_ I

i'{ :\ '['kl,l<,,illt I ';''_lll [,','J ,",t'/I,'Ztl ##1, !,1'1_'

,I,m_ l," III,'/,,,,,,,/ I'"<7 1')',,/,.',_l t;_,

,X'__ .l .1 '_ ,'/if( '_ _'/_.,!,,,1 t .... /,,'_/¢_ <' s/,i.,l.

_l/,_,l/Utl_li:,,il..[ll,,,,7, "'7( I \.\ 1, i Iii|i, ,ii
ktt'lii,,l,ili,llilli[ I,'l _ \11_1 I._ lllil,llv

[k_llililillilit' ,illll l ll,,i,li_t,li, ', I ,,I,<,iilllli'_,

ll_ltililcl,/'_,l_,l,i<l_,

,c-;It't'lc, I..1' I' ] } I<l<,l i, t_ ,'\. t?.,l'Jilli',',l'ii,

!k,I.A K I'-,l_,llll, I I { 'ii{l_.i,',lV, ,'\ i

( '.l;lWlllii[, t_.1 I. ( *l,lllllll,lti, K'\. ,_'],l!_llll',

lliitl K,\V, 'l'll_,llilil' I_J_/. I']lc _,l,lll,il

clikirilltlli_,lli Iii lilvlii,lllC' iii lilt' li_qll,',llllt'lc.

J<qlr, l<X{lJi,'lt/tl<J._/_lletl_ ( 'tlt'ttli_t#_' h;l,'_ /I,

t,,
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Introduction
i

f During the past 20 years, much attention has been given tc)lhc I)()tt.mtialc.lhnatlc ¢'lTcctsof
i tncrc,aslng concentrations of atmusphcrlc grcenhotls¢ gl.tsos,This is not st_rpt'istng bee.arise these
i potential dimatlc cl'fccts could have far-reaching cnvironmcnt_d, c,c(momlc, and m)cial
!iconsequences, Much t)f the work t!mt has bccn purf0rmed during this perked hat_invt_lved

ii (t) cit|mite modeling c,r empirical analyse,; attempting to attribute climatic changus to va|'iou_;
astrontmfietd ttlld atmospheric factors and (2) asscll+bly tli+d examinatioll tct'new get,logical,
historical, and instrumental data. Frtu'n these sludlcs, researchers have gained impt,rtltnl new

insights into the possible clhnatic resptmsc it.) the increasing cunc,cnlratitms o1'C()2 illld other
trace gases, together with a better understanding ()l'lhc sensitivity ()t'the uvcrall climate sy:;lcm Iu
both bureau lind natural pertttrbatio|as,

In order to isolate the "grcenhotlsc signal," or tlud part ()l' the climate change Ih_ll is jndlcativc
of increased cor|ccntratious of grccnht)ttsc gascA, ii is imperative that wc have loug-lcrm
observational rccortls thai can bc u.,icd to idcutil'y tt_c climate changc._ tlmt have alrca(ly ()cctlrrcd,

Fox'tt|nately, for lhc past century itllanyclirrmtic val ittblcs (c,g,, surf'+ct, tl[l' tctul+craturc) havc
bce,n mcasurud +,Ita largt', number c)l'mctct+rc+h+gicalstall+cns, mostly al hu_d local iu+csin the
N()rthcrx+ HcnfiSl:dmrc, lt is alsu itnpcratiw.: tlmt thcsu t_bsc|'vutitmtd rucux'+,lshw,'c ,,,t_fficicnt
sptltial coverage, Althc)t|gh local and regional vari_llioll,S it_tcrupurttttlru ttt't' h+ll'_t+i'tt.tilth_
assessing the impacts ul' climate and climate change t,n ,,.;(wi(:ty,largc-,,,calc averages ut'c mt_,_;t
likely t() indicate detectable ctuu;ge!; in cllmatc thai rc,suit frum chat_gcs in alm(_.';l)huric trace gas
concc|ttraticms, l,t.escarcht:rs have t'tm_pilcd and analy/ctl st'vi, rat timc scrie.', t+l'Ittrgt'-scalc

;+ average surf+ce air tcmpcrtlturc, s largely (,illlhc basis of htxu.l-l)ascd data and tlat+_l'rtm+_a l'cw
, +l+ixcd..positi()n xvctlti+cr ships, Tu tlvtcrmitw large-.set|lc lrtq>t_sl)hc+rit';tnd st ratt)sptwric.i

+temperatures, radiost+ndc and rtwkt'tstmtlc data have typically l_t_'cnused, N1_tnyt+l'theme ,,;cries
+shc+wwal'n+ii+gtrcntls in the trt+pC_sl)hc|c, particuhtvly in the lqS().+.;,but it tt'nl;tit_s lllt<+'Ic;.|rwhether
++thc.,,;ctrends arc lhc rc,,,ttlt uf a btnih.ltnI) t)l'gl'Ct_llhotlSC,, p;.I.',;C,+";t+l'dtlc lt)olht'r l'aclt)x'.',;lc+,/,.?,.,gtcatcr
+frc(Itmncy o1"El Nifiu/St+utht',rn ()scillaticm (ENS()) c,,'cnts in thc' Pacific (>c_;unl (sc'c figurt'.),
: 'l'hc t't_lh)wh_glmt,,c'sprtwi<.leseveral hre.g-term rcct_n'tl__,f tcml_c.rattHt:.'.;and tCml+Wraltil't:
:_at+umalics, Their .,.;i)ati+_lctv¢crltgc x+itll_,c'st'rum the v,hd)c to (I,_, rc_,iotl,", itllt] I'lt_ltl lhc ti:,;tt'th's
: ,';t_t'fucclo lhc low stratusl+h<:rc, The l/r,'gII_,',,'t)rccortl;, _re b,l(d,al imd h+,:mi.'-;IdU.'tictt't_ll+Ct'attlrt'
i ai_c)malics, These rct't_rds are l't_llc_,,vctlby annual at_l xc+ts+realtCmlW.ratt_rt' +ttummlics for tl't'

i surf;|cc., trt+l_(_sphcrc, trol+tq'mtisc, and low stratosl+hcrc, (lh+bal tlllt+i_dtlyu,.'<tiu_atc_; I I 1_' lU'c.,';t'tflcd
first l'olluwcd by t+t)rthcrn aral .,,;outhcrn zc|nal avcr_tvc_ t_nd ;tvcr+_gcsftu' c_ich hctuiSl,hcrt',
Finally, so+st)nal and ttt_llual tcmpcraturt'.s l't_r lhc t !cited St ales are l+rt'._;ct_tc'dv,'ith ll;.lli()nal
estimates, first l't+llowcd l+ycstitvutt<.'sl(_r lhc ,',ub-rcgitm,s +hal cim+lc'iso the it t!,t,,rcgittctI Wt','-d,

(+!ct'fit'+l,+.tl+d[:++.,.;ternrc i,+;itms,"l'hesc rcrcord.'-,rcl'_rc_cnt truly _tl'rac.'titm(_l'the lot_g-tcrm rc cord.';
avtdlablc', however, they are lrcqtwntly rc ferc+wed it; studio.', adtlrcssitt_+;l+t,tc.nti;tl/_,ncct_ht_usc
_.,;.ls.--intltwtPdclilualc ch;tt;F,,cs,Ali the data pr<.'.sct_tvdin this; ,',_'ctionv,,ct'e tumlc uv;_ilablc t(, lhc
" ) '+ .(. I lA(_. bv the pvi|tCilml iiwcsti_;tttu(s) listed I't)rc+tlt'.htiara t'cct_ld, Wt.', Ul'gC rt:zltlt, lS tr) c rcdit the
pritwipal invcsti+_,att_tsanti their t)rgani/.atiotas whct_ tiniilg lht'_c data. (Ist'ts lift' cat_li(mc(l tt_pay
ch)._c Ittlcl+lit)ll It) tal_lc ftw_l_otc.,;,ctmct'rt_il_g +ht: tl;,tlllt'Ct_l c;wh tlallt It'coi'tl _ll_tl;arc t_llCt_tll_lgc'.tl
t(_c(mtact (]I.)IA(.'. bclorc: _pl_lyitagthe tl;.lla i_t_lWcil+ic+lut_d<.'lt_r rc.,'gCal+ch,.'x(+',r('isc_,

"!7¢lCNl)S '()0
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During the past 20 years, much attention has been given to the potential climatic effects of
increasing concentrations of atmospheric greenhouse gases. This is not surprising because these
potential climatic effects could have far-reaching environmental, economic, and social
consequences. Much of the work that has been performed during this period has involw_d
(1) climate modeling or empirical analyses attempting to attribute climatic changes to various
astronomlcal and atmospheric factors and (2) assembly and examination of new geological,
historical, and instrumental data. From these studies, researchers have gained important new
insights into the possible climatic response to the increasing concentrations of CO2 and other

trace gases, together with a better understanding of the sensitivity of the overall climate system to
both human and natural perturbations.

in order to isolate the "greenhouse signal," or that part of the cfimate change that is indicative
of increased concentrations of greenhouse gases, it is imperative that we have long-term _:_
observational records that can be used to identify the climate changes that have already occurred, il

Fortunately, for the past century many climatic variables (e.g., surface air temperature) have !_:_i:

been measured at a large number of meteorological stations, mostly at land locations in the _i
:_Northern Hemisphere. lt is also imperative that these observational records have sufficient
ii spatial coverage. Although local and regional variations in temperature are important in

assessing the impacts of climate and climate change on society, large-scale averages are most _
likely to indicate detectable changes in climate that result from changes in atmospheric trace gas

concentrations. Researchers have compiled and anal_ed several time series of large-scale i_
average surface air temperatures largely on the basis of land-based data and data from a few i
fixed-position weather ships. To determine large-scale tropospheric and stratospheric
temperatures, radiosonde and rocketsonde data have typically been used. Many of these series
show warming trends in the troposphere, particularly in the 1980s, but it remains unclear whether
these trends are the res.ult of a buildup of greenhouse gases or due to other factors [e.g., greater

frequency of El Nifio/Southern Oscillation (ENSO) events in the Pacific Ocean] (see figure ).
The following pages provide several long-term records of temperatures and temperature

anomalies. Their spatial coverage ranges from the globe to U.S. regions and from the Earth's
surface to the low stratosphere. The first two records are global and hemispheric temperature
anomalies. These records are followed by annual and seasonal temperature anomalies for the

surface, troposphere, tropopause, and low stratosphere. Global anomaly estimates are presented
first followed by northern and southern zonal averages and averages for each hemisphere.
Finally, seasonal and annual temperatures for the United States are presented with national
estimates first followed by estimates for the sub-regions that comprise the aggregated West,
Central, and Eastern regions. These records represent only a fraction of the long-term records
available; however, they are frequently referenced in studies addressing potential greenhouse

gas-induced climate changes. Ali the data presented in this section were made available to the
CDIAC by the principal investigator(s) listed for each data record. We urge readers to credit the
principal investigators and their organizations when u,dng these data. Users arc cautioned to pay
close attention to table footnotes concerning the nature of each data record and arc encouraged
to contact CDIAC before applying the data in specific model or research exercises. !

....,,,,.., ..... ..,......, ..... ....... ......... ,,...,,. ....... ,. ................ ,,,....,,..,......... ........ ........ ........ .,,........,,,,.. ..................................... ,............................................
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Wright's data [see pg. 195] are shown in the lowerbox).
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Globa, and Hemispheric
BACKGROUND i!

Principal investigators _! ENSO-uncorrected
P• D• Jones :_

T. M. L. Wigley

P• B. Wright + 0.5 - NorthernHemisphereClimatic Research Unit
, ,

School of Environmental Sciences : . .
t , ,,

University of East Anglia . .' ..... . ....
Norwich, United Kingdom NR4 7TJ 0.0 . , "'-', "'. '.

: . I • . .. •

Sponsoring agency •.. "' , .• °

U.S. Department of Energy

Carbon Dioxide Research Program _ -0.5 ' . " " .

Period ot record-1.861-1.988 (relative to a

1950-1979 reference period)•

Method-These estimates were compiled by .O_ + 0.5 - Southern Hemisphere
Jones et al. (1986a, b, c) and Jones (1988) _ • '.
and are based on corrected land and marine 1:::: - ' ,.
data. Land data were derived from O ....

meteorological data and fixed-position 0.0 . . ,:..... '. ' ..
.. ,. ' •

weather' ship data that were corrected for O " ' '. ¢ '
o. * "" ' ' ' •

n0nclimatic errors, such as station shifts _ I- " ..... ': _ , .'.. ..•.:...'
and/or instrument changes. The marinedata i _ -0.5 ..' ' '.' '
were from the Comprehensive ii • '

Ocean-Atmosphere Data Set (COADS) :i

compilation, which extends (with updates) to ii _ +0.5 - Global1986. Updates to 1988 were based on ,i

hemispheric sea surface temperature (SST) _ ""
i . , •

estimates produced by the United Kingdom :! ...-. : ...,, ..
Meteorological Office. Both SSTs and ! 0.0 ,...: ,.,. ,..:
marine air temperatures were corrected, but -, .. ,.,. . .'
only SST data were used inthe combined . " .'...' ." "..

• °,

land-marine data set. - 0.5 . ' ":"" '
Data availability-These data are available
from the Climatic Research Unit at the

University of East Anglia and are also
1850 1900 1950 20{'

documented and available from CDIAC _
(Jones et al. 1_)0). :' Annual global and hemisphe_

1.94



Temperature Anomalies
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::,.;;:: :;::_;::::;:::::; : ::::::;:::::::;:::: :; :::::::_::::::::;; ::: : ;; :::::: :; : : .'::::::;:;:;: ................. . ..................

, . ..................... : ; : : : ::: : : :::::::::::::::::::::::::::::::::::::::::::::::::::

:.

ENSO-substracted _ These global and hemispheric annual

i variations show little trend during the
nineteenth century, marked warming to
1,940,relatively steady conditions to the

NorthernHemisphere mid-1970s, followed by a rapid warming
. ' ' during the 1980s. Globally, in 1988 the mean

. .' ' ' " " , ' temperature variation was 0.34°C above the

" "' '.'".'.'' ,':.,'.._" mean for the 1950-1.979 reference period.% , ,

'_'.'. ,. '. ' " ' " ". and 0.01°C warmer than that of 1987•
". '. : ._',.. "'..'.." Factoring out ENSO-related events from the

• .. " global temperature anomaly series, 1988 was

considerably warmer than 1987. Statistically,
the decade of the 1980s over the globe has
been significantly warmer (t v',due 1..90) than

SouthernHemisphere the mean of the 1950-1979 reference period
.' (Jones 1988).

• -..
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,... '. '::... .., ' ... '.
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Global and Hemispheric
,

Annual TemperatureAnomalies (rela_
ENSO-subtractedt ENSO-subtracted_"

North- Sou!h- , North- South- North- Somh. North- South-
ern ern ern em em ern em em

Year Hem. Hem, Global Hem. Hem. Global Year Hem, Hem Global Hem. Hem. Global

1904 --0,36 -0A3 --0.39--0;30 -0.37-9,33
1862 "0,65 i-0.41: :i-,0i53: :: i: _ , 1905 -0.21 -0,29 -0,25_: --0,28 -0,36 ---0.32
!863: :-0.12::--0.S2 1906 -0,10 -0,20 -0,15 :-0.121 -0,22 --0,i7:
1864 --0,44 -0,43 --0.44 1907 -0.39 --0.30 --0.35 '0,35 -0.26 -0,31

• 1865 --0,17 -0.17 -0,17 1908 -0,33 --0,35 -0,34 -0,32 --0.35 -0,33

1866 -0,17 -0.17 -0.17 1909 --0,29 --0.22 --025 -0,27 --0.20 -43,23

1867 -0.29 -0;18 -0,23--0.30 -0,19 --0,24 1910 -0.29 --0.21 ,--0,25 =0,24 -0.16 --0,20

1868 -0.10 -0.32 -0.21 --0.!3 _--0 35 -0. 24 1911 -0.28 -0.33 --0.30 -0,24 -0,29 --0,26

1869 .0.08 --0.!9--0.ll i:-0.33:--0.22 1912 --0.33 --0.08 -0.21 -0.41 -0.16 -0.29

1870 -0.23 -0._ -0.31 -0.22 -0.37 -0.30 1913 -0,33 -0,08 -0,21 -0.,36 -43,11 -0,24
1871 -0.38 -0.43 -0,40 -0,38 .--0.43 --0.40 1914 --0,13 -0,06 -0,09 --0,17 -0,10 -0,13

1872 --0.17 -0.34 -0.26 -0,16 -_).33 -0.25 1915 0,00 -0,01 0,00 --0,07 0.0"d --0,07

1873 -0:23 -0.30 -0,26-0,18-0,26!, -0.22 1916 -0.24 -0.18 -0_21 -0.18 -0,12 -0,15

1874 -0.25 -0.60 --0.42 --0,26 -0.61 .0.43 1917 -0.50 -0.29 -0,40 --0.37 -0,16 -0.27

1875 -0.53 --0.37 --0.45-0,51 -0,35 : -0.43 1918 -0.37 -0,22 -0,29 -0,26 --0,11 -0,18
1876 --0.35 -0,39 -0.37 -0..M -0,38-.0.36 1919 --0.25 --0.08 -0,16 -0,31 -0.14 -0,22

1877 -0,08 -0.13 --0.10 -0.12 --0,17 -0.14 1920 -0.20 -0.13 --0,17 -0,24 -0.i7 -0,21
1878 0.18 -0.15 0.02 0.09 0,23 --0.06 1921 --0,08 -0,15 -0,12 .0,04 -0,12 --0.09

1879 -0,30 --0.45 "0.37 --0i22 -0.37 -0.29 1922 --0,20 -0.20 -0,20 ,-0.18 -0.18 --0,18

1880 -0.34 -0,28 _-0.31 -0.28 -0,22 -0.25 1923 -0,16 -0.21 -0,18 --0,13 --0,18 --6.15

1881 -0.31 -0,24 --0,27 -0,29 -0,22 -0,25 1924 --0,16 -0.22 --0.19 -0,20 -0.26 --0.23
1882 -0.31 -0.31 --0,31 -0,33 -0,33 --0.33 1925 -0.07 -0.18 -0,12 -0,02 -0,13 -0.07

1883 -0,45 -0.33 -43.39 -0,47 -0,35 --0.41 1926 0.09 0,04 0.07 --0,02 -0,07 -0,04
1884 --0.51 --0,45 -0.48 -0,53 --0.47 -0.50 1927 0.01 --0,09 -0,04 0,00 --0,10 -0.05

1885 --0.44 --0.38 --0.41 --0.47 -0,41 -0.44 1928 0.01 --0,11 -0.C5 0.02 -0,10 --0,04

1886 -0.37 -0,26 -0,32 -0,39 --0,28 -0.34 1929 -0.21 -0.22 -0.22 --0,17 ,=0,18 -0,18
1887 --0,36 -0.49 -0,43 --0,_ -0,43 --0.37 1930 0.09 .-0,15 -0,03 0,11 --.OA3 -0.01

1888 -0,36 -0.38 --0.37 --0,39 -0,41 --0,40 1931 0,13 --0,04 0.05 0.15 --0,02 0.07

1889 -0,26 -0,17 --0.22 --0.32 -0,23 -0.28 1932 0,04 -0.07 -0.01 0,04 -0,07 -0.01
1890 --0,41 --0,48 --0.45 -0.34 -0.41 --0.38 1933 -0.13 --0.09 --0,11 --0.15 -0,11 -0.13,

1891 -0.36 -0,40 -0,38:-0.35-0,39-0.37 19M 0.02 -0,06 -0,02 0.04 -0.04 0.00

1,892 --0.44 --0.36 -0,40 --0,43 -0,35 -0.39 1935 -0.01 -0,11 -0.06 -0.01 -0.11 -0,06
1893 -0.46-0.40 --0,43-0.44:--0..38 -0.41 1936 0.04 -0,08 -0.020,06 --_,_6 0.00

1894 -0,36 -0.34 --0.35-0.35 --0,33 --0.34 1937 0.21 0,00 0,10 0,21 0,00 0,10

1895 -0,36 --0,23 -0,29-0.37 -0.24 --0,30 1938 0.24 0,05 0.14 0.26 0,07 0,16
1896 --0.17 --0.04 -0.10-0.21 --0,08 --0,14 1939 0,10 --0,03 0,04 0,16 0,03 0.10

1897--0.11 --0.04 -0108-0.19 -0,12-0.16 1940 -0.01 0,10 0.04--0,07 0,04 -0.02

lS9q -0.21 --0.34-0,27 -0.19 -0.32:--0.25 ii 1941 0,09 0.06 0,07 --0.01 -0,04 -0.03

1899 "0.08 -0.15--0,12-0,07 --0.14 -0.1119421i 0,03 0,130 0.01--0,03 -0,06 --0.05

1900 0.01 0,00 0.01-0,01 --0,02 -0.01 1943 0,04 --0.04 0.00 0.07--0,01 0,03
1901 -0.04 -0.12 -0.08-0.03 -0.12 -0,07 1944 0.17 0,12 0.15 0,17 0,12 0.15

1902 --0.24 --0.10 --0.17 --0,23 -0.09 -0.16 1945 0,02 0.10 0,06 0,02 0,10 0,06

1903 --0,26 -0.34 -0.30 -0.27 -0,35 -0.31 1946 0.05 --0.21 -0,08 0.05 -0.21 -0.08

TRENDS '90

i ll__,, ,



Temperature Anomalies

:aveto a 1950-79 reference period mean)* ............................._,_R_,N_I_ ............................
ENSO-subtrac_ed_"

North- South- North- South- Jones, P.D. 1988. The influence of ENSO on
ern ern ern ern global temperatures. Climate Monitor

Year Hem, Hem, Global Hem, Hem, Global 17(3):80-89.

1947 0,03 --0.12 --0.05 -.0,01 -0,16 -0.09 Jones, P,D., S.C.B, Raper, R.S. Bradley,

1948 0,02 -0.14 -0,06 0,03 -0A3 -0,05 H.F. Diaz, P.M, Kelly, and T,M.L. Wigley.
1949 0,02 -0.14 --0,06 0,00 -0.i6 -0,08 1986a. Northern Hemisphere surface air1950 -0,11 _ -0.15 --0,13--0,06 -0,10 -0,08
1951 0,07 -0,11 -0.02 0,13 -0,05 o,04 temperature v_xiations: 1851-1984. Journal
1952 0,11 0.03 0,07 0,08 0,00 0,04 of Climate and Applied Meteorology

1953 0,22 0,01 0.11 0.18 -0,03 0,07 25(2):161-79.

1954 -0,04 -0,22 -0.13 -0,06 -0,24 -0.15 Jones, P.D., S.C.B, Raper, and T,M.L.

1955 .-0,03 -0,26 -0.14 0,01 -0.22 -0,10 Wigley. 1986b. Southern Hemisphere i1956 -0,23 -0.22 --0,23 .-0,14 -0,14 -0,15
1957 0,04 0,I0 0,07 0,06 0,12 0,09 surface air temperature variations:
1958 0,17 0,06 0,12 0,12 0,01 0,08 1851-1984. Journal of Climate andApplied
1959 0,09 0,02 0,05 0,07 0,00 0,03 Meteorology 25(9):1213-30.

1%0 0,09 -0,08 0.00 /0,10 -0,07 0.01 Jones, P,D., T.M.L. Wigley, and P.B. Wright,

1961 0,12 0.10 0,11 0,13 0,11 0,12 1986c. Global temperature variations :1962 0.14 0,06 0,10 0.17 0,09 0,13
1963 0,15 0,07 0,11 0,17 0,o9 0.13 _ between 1861 and 1984. Nature 322:430-34,
1964 -0.14 --0,17 --0,15 -0.15 -0,18 -0,_6 _ Jones, P.D., T,M.L. Wigley, and P.B, Wright.

1965 -0,15 -0110 -0.12 -0,15 -0,10 -0,12 i 1990. Global and hemispheric annual
1966 0.03 -0.08 -0,02 -0.04 -0,15 -0,09 _ temperature variations between 1861 and
1967 0,01 -0,08 -0.04 0.02 -0,07 -0,03 i

1988. NDP-022/Rl, Carbon Dioxide

1968 -0,05 -0,11 --0.08 -0,o3 -0.10 --0,07 i Information Analysis Center, Oak Ridge1969 0,03 0,14 0.08 0,01 0.12 0.06
1970 -0.01 0,10 0.05 -0.04 0,07 0,02 National Laboratory, OakRidge,
1971 -0,15 -0.05 -0.10 -0,o8 0,02 -0,03 Tennessee.

1972 -0,17 0,21 0,02 --0.15 0.22 0.03 Woodruff, S.D., R,J. Slutz, R.J, Jenne, and

1973 0'10 0'21 0'15 0'06 0'170"111974--0,19 ,.0,03 --0,11 -.0,10 0,06 -o,02 P,M. Steurer, 1987. Acomprehensive
1975 -.0.09 --0,07 --0,08 -0,04 -0,02 -0,03 ocean-atmosphere data set, Bulletin of the
1976 ---0,28 -0,14 -0,21 -0.19 -0,05 --0,12 America,_ Meteorological Society
1977 o,o8 0,12 0,10 0,o3 o,07 o,05 80:1239--47.
1978 0,00 0,07 0.03 -.0,06 0,01 -0,03
1979 0,10 0,14 0,12 0.10 0.14 0,12
1980 0,13 0,24 0.18 0,11 0,22 0,16
1981 0,.30 0.19 0.24 0,29 0.18 0,23
1982 0,06 0,11 0,1Y) 0,06 0.11 0,09

1983 0,27 0.36 0.31 0,13 0.22 0,17 !
1984 0,01 0,20 0.10 0.01 0,20 0,10 :
1985 -0,05 0,19 0.07 -0,05 0,19 0,07 :
1986 0,09 0,22 0,16 0.09 0,22 0,16 i
1987 0,27 0,39 0,33 0.19 0,31 0,25
1988 0,32 0.._ 0,34 0,29 0,33 0,31

...'e.,,.,,;.¢..;.,w,.e.,.,,.,..,,.e,.;w,.....,.,...¢e¢¢.,¢°.;.ee,.¢,.a.,;,,.,,....¢.w..,..w .................... _....................................................................................

*Degrees Celsivs,
"t'Datacorrected for the influences of El Nifio/Southern

Oscillation (ENSO), 195
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BACKGROUND

Principal investigators
JameSHansen .....:

SergejLebedeff Northern Hemisphere
NASA Goddard Space Flight Center + 0.5

Institute for Space•Studies ,. . .
2880 Broadway ........ ' .

_.,,, 0',,-

New York, New York 10025, U,S,A, 0.0 .'"': " ... :'.

Sponsoring agencies ' " . " .,

NASA Climate Program - 0.5 .'".."' . ' '

Environmental Protection Agency _ .
Period of record-1880-1987 (relative to a
1951.-1980 reference period). cD
Method- Temperature differences between_ ._ Southern Hemisphere
stations were calculated on the basis of "_ + 0.5
(1) surface air temperature data for [:: . '
meteorological stations published in the O .... ...,%
World Weather Records and Monthly ,_ 0.0 ' ". '.. '' ' " '" " "

Climatic Data forthe World and (2) data 1:1_ " .:.'... , .
provided by the National Center for _ - 0.5 ""' .
Atmospheric Research (Jenne 1975; _ '
Spangler and Jenne 1980). Starting with

t'_ i I Jtemperature differences between
neighboring stations, temperature E
differences are combined to ultimately _ Global
provide estimates of temperature change + 0.5

for grid boxes, latitudinal zones, ,, . . .
hemispheres, and the globe. Further details 0.0 . .. .'.":".".'. "'.". ""

• , , ,

about the methods of calculating these . ......:. . .
annual temperature differences are . .
provided in Hansen and Lebedeff (1987). - 0.5 ':.(")' " '
Data availability-These data are available

from CDIAC and were presented in
Hansen and Lebedeff (1987) and updated
in Hansen and Lebedeff (1988). 1850 1900 1950 2000

Annual surface _drtemperature anomalies.

196



Temperature Anomalies

TRENDS
Hansen and Lebedeff (i.987) reported ii

: "global temperature increases by about

0.5°C between i880 and 1940, decreasesby i
about 0,2°C between 1940 and 1965,and
increases by about 0.3 "C between 1965 and

i1980. The northern hemisphere temperature
change is rather similar to the global change,
increasing by0.6°C between 1880and 1940,
decreasing by 0,3°Cbetween 1940 and 1970,
and increasing by 0.3°Cbetween 1970 and
1980.The southern hemisphere temperature
change is noisier, but, especially if averaged
over a 10-year interval or longer, it shows a
more steady increase in temperature, with a
warming of about 0.6°Cbetween 1880 and
1980.The largest rate of warming is between
1965and 1980."

Hansen and Lebedeff (1988) also
reported that the global surface air tem-
peratures in the 1980sare the warmest in the
history of meteorological records and that
the four warmest years on record are ali in
the 1980s,with the warmest years being 1981
and 1987.
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,1

Global and Hemispheric

Northern Southern Northern Southern
Year Global llem. llem, Year Global Hem. llem,

1880 -0,40 -0,52 -0.10 ii 1916 -0,26 ---0,.34 -0,11
1881 .--0.37 -0.41 -0,25 i! 1917 -0,48 -0,60 ..-0,26

1882 -0,43 ..0,47 -0,33 1918 -0,37 --.0,43 --0,27

1883 -0,47 -0,55 -0,25 1919 -.0,20 --0.29 ---0,03

J 1884 ..-0,72 -0.78 -.0,55 1920 -0,15 -0,18 -0.11
,i

1885 --0,54 -0,61 --0,34 1921 -0,08 -0,08 --0,09

1886 --0,4'7 -0,51 -0,34 1922 -0,14 -0.19 -0,07

1887 -0,54 -0,59 --0,43 1923 -0,13 -0,10 -0,19

1888 -0,39 -0,46 -0,22 1924 -0,12 -0,12 -0,11

1889 -0,19 -0,24 -0,07 1925 -0,10 -0,04 -0,21

1890 ,-0,40 -0,40 -0.39 1926 O,13 O,17 0,06

1891 -0,44 ---0,45 -0,43 1927 -0,01 0,01 -0,04

1892 -0,44 -0,49 -0,32 : 1928 0,06 O,11 -0,01

1893 -0.49 --0.52 ,-.0,43 1929 -0,17 -0,16 -0,18

1894 --0,38 -0,42 -0,30 1930 -0,01 0.09 -0,19

1895 -0,41 -0,48 --0,26 1931 0,09 O.16 -0,04

1896 -0,27 -0,37 -0,08 1932 0,05 O,10 -0,03

1897 -0,18 -0.23 -0,07 1933 -0,16 -0,23 -0.04

1898 -0,38 -0.41 --0,33 1934 0,05 0.07 0,01

1899 --0,22 --0,22 -0,24 1935 -0,02 0,00 -0.05

1900 -0,03 -0.08 0,07 1936 0,04 0,06 0,01

1901 -0,09 -0,09 -0,07 1937 0,17 0,2.5 0,04

1902 -0,28 -0.39 -0,09 1938 O,19 0,29 0,01

1903 -0,36 ---0,40 -0,29 1939 0,05 O,17 -0.14

1904 -0.49 -0.48 -0.52 1940 0,15 0.16 0,13

1905 -0,25 -0.29 -0,19 lt_l 0,13 0,13 0,14

1906 ---0,17 -0,17 -0,17 1942 0.09 0.07 O,12

1907 -0,45 -0,50 -0,37 1943 0,04 0,08 -0,03

1908 ---0;32 -0,37 -0,23 1944 O,11 O,16 0,04

1909 -0,33 --0,39 -0,22 1945 -0,03 -0,04 -0,02

1910 -0,32 -0,40 -0,19 1946 0,03 0,08 -0,05

1911 --0,29 -0.30 -0,28 1947 0,_5 0.18 0.11

1912 --0,32 -0,45 --0,08 19,18 0,04 0,10 -0,06

1913 -0,2.5 -0,35 -0.08 1949 -4},02 0,04 -0,10

1914 -0,05 -0,13 0.08 1950 -0,13 -0,13 -0,14

1915 -0,01 -0.06 0.09 1951 0,02 0,07 -0,05

,,,..,.,.....,......,..,.,,....,.,,,....,..,,..,.,,:.;..,...,,,,.,..,,,.,.,..,,.,.,,..;....,...,.,.,..,.,

*Anomalies expressed in degrees Celsius,
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Annual Temperature Anomalies* :_,..............................................................................................................................
:i REFERENCES _
'i
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1955 .-0,07 .--0,09 --o,o4 surface air temperatures: update through :_i
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1963 0,02 0,10 .-0,08 Jones, P,D, 1988, The influence of ENSO on

1964 -027 -0,24 -0,31 global temperatures, Climate Monitor
1965 -0,18 --0,20 .-0,15 17(3):8(_89,
1966 -0,09 -0,08 -0.10 JONES,P.D,, S.C.B. Raper, R.S. Bradley,
1967 -0,02 0,01 -O,O6 H.F. Diaz, P,M. Kelly, and T,M.L, Wigley.1968 -0,13 -0,12 --0,14

1986a. Northern Hemisphere surface air1969 (I,02 -0.03 0,09

1970 0.03 ---0,02 0.09 temperature variations: 1851-1984, Journal
1971 -0,12 -0,15 -0,08 of Clim ate atzd Applied Meteorology,
1972 --0.08 -43,26 0,14 25(2):161=79.

S.C.B. Raper, and T,M.L.1973 0.17 0.17 0.17 Jones, P.D, _ "

1974 -0,09 -0,16 0,0O Wigley, 1986b, Southern Hemisphere
1975 -0,04 --0,03 -0,05 surface 'fir temperature variations:
1976 -0,24 --0,27 -0,20 1851-1984. Journal of Climate and Applied
!977 0,16 0,15 0,17 Meteorology 25(9):1213-30,

1978 0,IY) 0,07 0,12 Jones, P,D,, T,M,L. Wigley, and P,B. Wright.
1979 0,12 0,12 0,13 1986c, Global temperature var;ations
1980 0,27 0,21 0,33

between 1861 and 1984, Nature 322:43(I-34,
1981 0,36 0,50 0,20

1982 0,05 0,(13 0,09 SI)angler , W.M,L., and R,L. Jenne. 1!)8(I,
1983 0.30 0,37 0,22 World monthly surface station climatology,
1984 0,09 0,08 0,10 Computer dal a tape document alton.
1985 0,05 -0,02 0,13 National Center for Atmospheric

'_1986 0,17 0,17 0,17 Research, Bt ulder, Colorado,
1987 0,33 0,31 0,..34
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Global (90°S-90°N)

BACKGROUND

Principal investigators ......

JamesK.Angell + 1,0 - 100- 50 mb
NOAA-Air Resources Laboratory . .

(R/E/AR) . ,
SSMC2, Rm. 9358 0.0 , . ' . ,". .'...,"
1325 East West Highway . ' ' " ' ,._

Silver Spring, Maryland20910, U.S.A.
-1.0 -

Sponsoring agency I i I _ I _ i r '
National Oceanic and Atmospheric : ,,..,

Administration 0 +1.0 - 300-100 mb

Period of record-1958--1990 (relative to a '

1958-1977 average), t_ 0.0 - ." ' ," ' . '... ..
Method - Surface temperatures and :_ . '. •.. . '
thickness-derivedtemperatures from a E ' ' , ' ' .
63-station, globally distributed radiosonde O -1.0

network have beeri used to estimate glob:d ,_ , . I J I _ I _
and zonal annual and seasonal temperature
anomalies. Most of the temperature values ..,_ + 1.0 - 850- 300 mb
used were column-mean temperatures, _ .... .. ' • '

obtained from the differences in height L_.CD0.0 '". '. " . .. " ' '" '
(thickness) betweenconstant-pressure _ '. ' . .
surfaces at individual radiosonde stations. E
The pressure height data before 1980were I_. - 1.0
obtained from published values inMonthly t I _ I _ I

Climatic Datafor ttze World.The data are + 1.0 - Surface
evaluated as deviations from the mean based

on the it_terval1958-1977. ... .,... '.
Data availability-These data are available 0.0 - . ' ' .. '... '. ' ' ' ' ' '
from the principal investigator and from

CDIAC (Angell and Korshover 1987). - 1.0 ,-

I _ .... 1 _ I

1955 ,965 1975 1985

Globalannual temperatureanomalies, 1958-1989
(1989 value is provisional).
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Temperature Anomalies

I,.,. °,o...°...,..........,_.....,,,.....° .... ,°...°..,.,...,..i TRENDS !

1 Angell (1985) reported that, during the ii
i_last quarter century, the surface and _!
i, troposphere have warmed, the tropopause _i
i_layer and the low stratosphere have cooled, ii
!_and low-level warming and higher.level t
i cooling haw" been more pronounced in the I

Southern Hemisphere than the Northern i_:_
Hemisphere, For the earth's surface and the f

troposphere (850-300 mb) Angell (1988) !I
reported a global temperature increase :of

!i0.08°C/10 year and 0,09°C/10 year over the I
30-year interval 1958-1987. There was
record surface warmth in the north polar i

and north temperate latitudes during the ii
first half of 1990; I

.]

'ii

.!

i ........................................... , ....... °........... , ........... , ..................... i

TRENDS '90



Global (90°S-90°N)
Am

Surface 850-300 mb 300-100 mb Surface-lO0 mb

Year Wine Spr Sum Fall Ann Win Spr Sum Fall Ann Win Spr Sum Fall Ann Win Spr Sum Fall Ann

1958 0.70 0.26-0.04 0.33 0.31 0,39 0.21 0.27 0.32 0.30 0Al-4).26 0,11 0,03 0.00 0,39-0,02 0A7 0.22 0.1_

1959 0.40 0,28 0,26 0.05 0.25 0,25 0.43 0,36 0.29 0.33-0.05 0.47 0.19 =-0.22 0.10 0,22 0.43 0.30 0.16 0.28

1960 0,10-0,05 0.03-0.07 0.00 0,28-0,04 0,27 0,13 0.16 0,46 0.15 0.35 0,15 0.28 0,28 0,01 0,24 0,10 0.i(

1961 0,37 0.15 0.10 0.33 0.26 0.29 0,17 0,01 0,27 0,19 0,16 0.59 0.19--0,32 0,16 0,27 0,30 0,04 0.15 0,19/

1962 0,33 0,11--0.02 0.07 0.12 0,14-43.01-0.01 0,07 0,05-0.43-0.43--0,11 0.40-0.14 0,05---0,08--0.03 0,13 0.02

1963 0.11 -43.10 0.02 0.32 0.09 0,07 --0,14 --0.11 -0.03 -0,05 -0.21 0.21 0.38 0,39 0,19 --0,05 -4).10 0.02 0,12 0.00

1964 -0,21 -0.47 -.-0.06 -0.23-0,24 4],07-0.10 ,..0.25 -0,45--0.22 0,09 0.31 0,03 0,19 0.16 0.00 .-0.07 .-0.16 -0,26--0,12

1965 ---0,21 -0.21 ..-0.17 -0.09 --0.17 .-0.58 ..-0,47 ..-0,40 --0.04 --0.37 -0,35 --.0.46 -0,35 -0.15 -0,33 -0,47 -0.44 -0,34 --0.09 ...0,34

1966 .-0.17 0,07-0.04 ..--0.07--0.05--0.03 0,07 0,05 0,00 0,02 0.42 0.20 0.39 0,04 0.26 0,03 0,10 0.11-.0.01 0,0_

1967 -0,08 0.08 0.05 0.10 9,04-.-0.13-0,03 0.06 0.12 0.01 -.-0,13--0.33 ---0,14 --0.14--0.19 -0.13 -.0.08 0.02 0,05 .-.0,04

1968 -0.10 0.16 -L.22 -0 23 ,.-0.10 ---0.02 ..-0.07 --0,33 --0.31 -..0,18 0.00 -1.07 .-0,36 0,16 --.0.31 0,02 -.0.26 --0,31 .-0,19 --0.19

1969 -0,45 .--0,12-0.11 0.11-.-0.14-0,16 0,14 0.32 0,1.8 0.12 0.42 0.58 0,01-.0,32 0.17-0.03 0.12 0,18 0.06 0.08

1970 0.20--0,09-0.15--.0,15--0.05 0.11 0A3 0,18 0.13 0.14 0,05 0,28 b.35 0.20 0.22 0,08 0.13 0.18 0.11 0,13

1971 -.-0.28 --0.20 --0.18 --0.21 -0.22 -.0.17 -0,44 -0.39 -O :14 -0.36 -0.02 .-0.15 ..-0.35 --.0.53 -0.26 .0,16 -.-0,35 .--0,34 ..-0,42 --0,32

1972 --0.38 --0.30 0,14 -.0.23 -0,19 --0.49 .-0.13 0.18 0.16 --0.07 -0,48 -0,54 -.0.23 0.10 -0.29 -0,50 -0.30 0.08 0.04 -0.17

1973 0.21 0.28 0.17 0.08 0.1.9 0.56 0,41 0.25 0.04 0,32 0,45 0.40 0,12 .-0.01 0.24 0.49 0,39 0,24 0,05 0.29

1974 -0,14 0.04 --0,02 0.02 --0,03 0,01 -_12 -43,11 --0.23 --0,11 --0.44 ..-0.26 --0.30 --0.08 --0.27 --0,14 -0.12 ---0,14 -0.15 .-.0.14/

1975 0.08 0,31 0.06 --0.17 0,07 .--0.03 0.00 -0.16 -4),10 .-0,07 -0,12 0.10 ..-0,20 .-.0,17 -0.10 -.0,08 0,09 --0,12 --0.12 -0,061

1976 -0,22 -0,42 -0.12 -0.21 -0.24 .-.0.15 ..-0,36 ..-0,27 -0.38 ...-0.29 -0.54 .--0.66 -0.53 .-025 --0.50 -0.25 --0.44 ..-0.39 -.0...32--0,351

1977 -43.11 0,33 0.31 0.09 0.16 0.13 0.42 0.28 0.18 0.25 0.22 0.12--0,03-0.11 0.05 0,11 0,33 0.22 0.10 0,19 _

1978 0.10 0.06 0.11 0.15 0.10-.0.03 0.30 0.21 0.03 0,13 0,16-0.03-0.27 .-0,24 .-0.10 0.02 0.21 0.08-0,01 0,08/

1979 -0.02 0,30 0.12 0,28 0.18 0,05 0.53 0.30 0,28 0,29 0.01 0.134--0.33-0,06--0.09 0,03 0,37 0.19 0.23 0.21

1980 0,53 0.56 0,29 0.15 0.38 0.37 0.39 0.52 0.21 0,37-43,41 0.28 0.22--0,13--0.01 0,27 0,46 0,41 0,16 0,33

1981 0.44 0.57 0.39 0.28 0,42 0,44 0,40 0.30 0.26 0.35 .-0.61--0,68--0.37-0.30.-0.49 0.20 0.17 0,19 0,14 0,18

1982 0,33 0.10 0.22 0,16 0.20 0.33 --0.05 _.29 0,05 0.16 -0.17 -..0.35 --0,08 -0.37 -..0.24 0.19 --0.07 0.21 -0,02 0.08

1983 0.57 0.51 0.32 0.32 0.43 0,41 0.87 0.52 0.22 0.51--0.39 0.18--0,05--0.33-0.15 0,29 0.68 0.36 0,15 0,37

1984 0.35 0.49 0,05 0.27 0.29 0.14 0,26 0.01 0.02 0.11 -1.07 .-0.60 -0.36 --0.61--0.66 .--0,10 0,11 -0,06 --0.07 .-0,03

1985 .4),11 0,(Y) 0.29 --0.19 0.02 0.15 0,09 0102 .-.0,08 0.05 -.-0.37-.0.20 ---0,68 ---0.93 .-.0.55 0.02 0,03 -0,10 -.0.28--0,08

1986 -0.02 0.36 0.14 0.09 0.14 0.33 0.14 0.12 0.12 0.18--0.97--0,53--0.39--0.44--0.58 .-0,02 0,03 0.03 0.01 0,01

1987 0.30 0.58 0.69 0.26 0.46 0.46 0.44 0.61 0,35 0.47--0,10.4).36 0.10 0.11---0.06 0.33 0,28 0.47 0,29 0.34

1988 0.37 0.51 0.27 0.33 0,37 0.51 0.52 0.73 0.36 0.53-..0.31-6.14 0,19 0.13-0.03 0.31 0.38 0.52 0,30 0,38

1989 0,37 0.27 0.21 0.10 0.24 0.15 0.18 0.30 0.30 0,23--0,78--0.49---0.54-0,61--0.61-0,01 0,04 0.10 0,07 0,05

1990 0.47 0.89 0.25 0.60 -.-0.46 --0.39 0.13 0,43

°Temperature anomalies expressed (in relation to a 1958-1977 average) in degrees Celsius.

"l'Northcrn ltemisphere wi_ter (Dec-Feb),

Note: Data for summer (Jut'l- ,ug) 1989 through spring (Mar-May) 1990 are provisional.
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North Polar (60°N-90°N)
"::::'::::;:;:::::::::'1::::::::::::':::':::::::::::::::::;::::::':::"::::::::::::::::::::;:':::;:;:;::::':::':::'::::::'.:::::;:::::::::::::::;:::::::;::::'::;:::::::::::;:::;':::::';:::::::::.:;:::::;;"::":::::::::::':;':::";':'::::::::::':::;':'.':':':':';::':'::;':';':'::;::::':':':':':':':':':':'@:':::':::';:::::::::;::':::::::":::;::::::::;:::::;:::::;::::;::',::::i;:;:::;5";1::;':1;::::-::;::::"::;:::::;::::."':':::';::::'::_,:::'I::':::;:;:::':::'::::::'

Surface 856-3(H) mb 300--10_ mb

'.'ear Wint Spr Sum Fall Ann Win Spr Sum Fall A_m Win Spr Sum Fall ' Ann

1958 -0.45 -.0,95 0,18 0.16 -0,27 .-0,88 .-0,14 0,18 0.21 ,-0,16 0,60 1,12 -0.21 056 0_52

1959 0,93 _ 0,41 0,18 0.85 0.59 1,02 0,95 0.42 1,47 0,97 -0,39 1,47 0,04 --0,28 0,21

1960 -0,78 0.00 0.54 -0,51 .-0.19 -0,07 0,88 0,84 0,eO 0,41 3.47 ---0.70 ---0,32 0,77 0,81

1961 1.85 -0,56 0,11 1.28 0.67 1,89 -0,42 -0,63 0.49 0.33 0,60 3.05 1.47 0,46 1,40

1962 1.06 0.69 0,21 0,44 0.60 -0.14 0.22 --0,07 -0,32 -0,08 -2.63 -1,68 -0,81 --0,18 .-1.33

1963 --0,08 -0.09 -0.39 0.19 -0,09 :-0,04 0.25 -0,25 -0.21 -0.06 -0.11 0,28 0.53 -0.53 0.04

1964 0.15 -0.55 -0.18 -0.60 -0,30 0,07 -0,56 -0.70 -0.70 -0,4'1 -2,91 1.61 0.04 0,74 -0,13

1965 -0,55 0.18 -0.10 0.54 0,02 --0,21 -0.39 -0,88 0.84 -0.16 -1,09 -1.61 0.04 -0,38 --0,76

1966 -3.41 -i.44 0.00 -0.96 -1,45 -1.47 --0,42 0.11 0.21 -0,39 2,49 0.42 0,81 0.49 1.05

1967 -0.28 1,35 -0.66 0.78 0.30 -0.46 0.07 -0.39 0,42 -0,09 -1,40 -3.89 --0.21 -1.47 -1,7,:1

1968 0,00 0.58 -0.25 -0,91 -0,15 -0.18 --0.32 0,00 -0.42 --0,23 1._) --4,34 '-0,49 --0,42 -0,97

1969 ---0.70 -0,48 0.01 0.58 -0,15 0.07 0,11 0.49 0.32 0,2__5 2,98 0,18 0.28 -0.14 0,83

1970 1,31 0,44 -0_36 --0,71 0.17 1,02 --0,21 0.14 -0.18 0,19 2.87 0.28 .-0.11 0,18 0,81

1971 -0.82 0.05 0,64 -.0.06 -0.05 -0.53 -0,21 -0.11 -1,30 .-.0.54 0.32 0.53 -0.18 --0.73 -0,02

1972 -0.11 -0,29 -0.20 --0,75 -0.34 -0,25 0,07 0.21 -0,35 -0.08 -3.15 -0,46 -0.49 0,32 .-0,95

1973 1.57 -0,25 0.83 -0,14 0,50 0.63 -0,35 0,77 0.11 0.29 0.49 1,26 --0.21 0.32 0,47

1974 0.53 0.14 -0.21 0.14 0.15 0.18 0,74 O,O0 -0,28 0.16 -2.63 0.98 -0,28 0,88 -0,26

1975 -0.13 0,91 ---0.33 -0.41 0.01 -0,67 0.25 -0.14 -0.21 -0.19 --0.77 1.40 0,04 --0.49 0.05

1976 0,..30 0.28 --0.45 -0,93 -0,20 .-0.56 --0.21 -0,28 0,48 --0,14 .-4,03 -2,24 -1,02 -1,13 -2.11

1977 0.18 -0.79 0,19 -0.55 ' -0,24 0,78 0,06 0.83 -0.15 0,38 3.27 1.42 -0.88 ---0.77 0,76

1978 0.60 0.55 -0,36 --0.18 0,15 0.03 0.54 0,36 -0.38 0,14 -0,65 0.49 -0.14 -1.17 -0,37

1979 --0.46 --0.23 --0.91 -0.18 -0,45 -0,39 ' 0.16 0,25 0.00 0,01 --0.._ 0.54 -0,10 0,99 0.04

1980 1.12 0.30 0.00 -0.84 0.15 0,38 0,35 0.17 -0,40 0.13 -2.._ 1.15 0,09 -0.23 -0,M

1981 1.85 0.48 -0.45 1.10 0,75 -0.27 0.76 -0.22 0.56 0.21 -1.72 -0.90 --0,02 --0,63 -0,82

1982 0:80 -0,06 -0,19 -,1.71 -0.29 0.25 -0.38 0.18 --0.71 --0.17 -0.45 .-0.33 -0,12 -1.09 -0,50

1983 0,38 0.52 -0,08 -0.34 0.12 i-0,46 0,48 0.56 -0,01 0,14 -4,43 0.23 -0.6.5 -1,28 -t.53

1984 1.18 0.49 --0.10 0,17 0,44 0.10 0.40 0,07 Odi8 0.29 -3,25 1.61 -0,18 -0,93 -0,69
1985 0,13 -0.33 -0.54 -0.51 -0.31 0,43 --0,78 -0,86 -0,04 -0.31 3,75 1.71 -0,02 0.04 1.37

1986 -0.10 -0.19 -0,02 0.81 0.13 0,38 .-0,59 -0,01 --0,34 -0,14 -1.43 0.20 -0,89 -1,02 -0,79

1987 -1.21 -0.73 0.00 -0,58 -0,63 -0,47 0,32 -0.02 -0,40 -0.14 1,73 0.26 -0.24 0.61 0.59

1988 0,54 1.06 0,44 -0,45 0,40 0,10 -0 09 : 0,95 -0.11 0,21 -0,22 'i,35 -.0,37 -1.09 -0,76

1989 1,99 1.42 0,69 0.06 1,04 --0,49 0.58 : 0,27 -.0,27 0.02 -3,62 1.09 -0.52 -0,61 -0.92

1990 ' 0.92 3.98 ' 0102 0.22 • -3.87 -5,98

_____;_;___;';.;_;.;._.__;_;.;_____;_________..;.;`;_;.;.;.;_;.._._;__.;.;_;.;.;._v_.._;__._._...;.._;._.._._;.

°Temperature anomalies (in relation to a 1958-1977 average) expressed in degrees Celsius.

1"Northern Hemisphere winter (l)ec-Feb).

Note: Data for summer (.lun-Aug) 1989 through spring (Mar-May) 1_)0 are provisional,
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Temperature Anomalies

Annual and Seasonal Temperature AnomaUes*

Surface-100 mb 1t}O--50mb 100-30 mb

Win Spr Fall Sum Ann Win Spr Sum Fall Ann "' '_n Spr Sum Fall Ann

-0.48 _,.02 0.09 0.28 -0.02 2.60 -1.60 0.23 2.77 1.0012.35 -2.47 0.31 3.92 1.03

0.69 0.98 0.30 0.98 0.74 -3.03 6.25 1.08 =1.30 0.75 --2.18 5.95 1.30 -1.27 0.95

0.60 0,38 0.53 0.09 0,40 6,05 4,16 0,28 2,12 3.15 9,25 -0,41 0.09 2,95 2.97

1,60 0,33 -0,04 0,62 0,63 1,32 2,12 --0.21 1,14 1,09 1.17 2,87 0.16 1,18 1,35

-0.49 -0,30 -0.19 -0,16 -0.29 -5,08 -4,23 --1,30 -0.09 -2.68 -6,31 -4,86 -1,67 '-0,20 -3.26

-0.06 0.20 -0,10 -0.21 -0,04 -0,19 -3,14 0,97 -1.02 -0.85 1,.34 -4.03 0.93 -0,69 -0,61

-0.58 -0.08 .-0,45 -0,36 -0,37 -4,29 2,28 0,13 0.35 -0,38 -4.55 3.35 -0.07 0,06 ..-0,30

-0.46 .-0,57 .--0,55 0.52 .-0.27 -2.68 -2.73 -0.37 -1,02 -1.70 -4.63 -1.78 -0.47 -1,56 .....

'.-.0.91 -.6,40 0,25 0,08 -0,25 3.18 -0,71 0,33 0,09 0,72 1,49 -0,55 0.06 0,17 0,29

--0.55 -0,60 -0.40 0,06 -0,37 -3.30 -5,61 0.30 -0,99 -2,40 -4,17 -1.94 0.07 -2,15 -2,05

0,19 -1,06 -0,15 -0.50 -0,38 0.25 .-4.63 0,10 0,08 -1,05 -3.96 -2,19 0,29 0,41 -1,36

0.59 0,03 0.36 0.26 0.31 1.28 -0,81 -1.76 -0.35 -0,41 -0.59, -0.43 0.02 --0,57 -0,39

1.48 0.01 0,00 -0.19 0.33 2,76 --0.24 0.69 1.62 1,21 3.03 -0,39 0.75 0.02 0.85

-0.39 0,00 0.00 -0.97 -0.34 2.35 -0,84 0,06 -0.33 0,31 0,85 -1.17 -0.12 -0,41 -0,21

-0.87 -0.11 -0,01 -0.27 -0.32 -2.06 0.76 0.06 --0.46 -0,43 -1.91 1,88 -0.11 -0,02 --0,04

0.76 0,02 0.56 0,12 0,37 1.90 --0,65 -0,67 -0,58 0,00 4.09 -1,48 -0,73 -0,35 0.38

-0.39 0,69 -0,10 0.05 0.06 -2.47 2.85 0,02 1.42 0,46 -0,97 3,05 0.01 0.63 0,68

-0.60 0.62 -0,13 -0,31 --4311 0,57 1,59 -0.11 -0,94 0,28 1.45 0,18 0,26 0,27 0,54

•-1.19 -0.58 -0.47 -4).10 -0,59 --4,3& 1,40 -0.15 -0.66 -0.95 -1,62 1,26 0,03 --0.49 --0,2I

1.23 0,22 0,34 -0,36 0,36 2.94 0,95 1,30 0.95 1.54 0,07 0,74 0,62 0,28 0.43

-0.08 0.52 0,13 --0,52 0,01 -1.10 0,30 -1.09 -2,42 -1.01_ -0,91 0,15 --0.91 -0.88 --0.64

-0.39 0,05 -.-0,03 -0,01 -0,10 2,10 0.49 -0,33 0.23 0._',2 0,26 0,48 -0,29 -0.89 -0,11

--0.09 0,52 0.20 -0.24 0,10 -0,12 0,87 0,10 0,41 0.32 1,05 0.83 0,06 0,05 0,50

-0._ 0,28 -0,22 0,34 0.02 -0,13 -1.52 -0,43 -0,18 --0157 0.47 -2.35 -0,18 -0,21 -0,57

0.17 ---0.20 0.03 -0,91 -0,23 1.11 0,42 0.52 -1.08 i_.24 0.92 0,96 0.54 -1.90 0,13

--0.98 0,48 0,21 -0,29 -0,15 -4,._ -0.01 -0,81 -0.98 -,,1.54 -4,00 0,15 -0.90 -1,33 -1.52

-0.47 0,68 -0.01 0,19 0,10 -1.73 1,01 -0,45 -0,76 _,--0,48 -1.37 0,72 -0.22 -0.42 -0.32

1.12 --0,15 .-0.62 -0,10 0,06 3,34 0,22 --0,69 -0.50 0,59 2,13 0.10 -0,43 --0,55 0,31

-0.12 -0,32 -0.24 -0.30 --0,25 -1.54 1.10 -0.62 -1,67 -0.68 -0.79 0.86 -0.41 -1.11 -0.36

-0.11 0,13 -0,06 -0,21 -0.06 3,20 -2.23 -0.34 0,38 0.25 2.27 -1,53 --0.36 0,57 0.24

0,07 -0,18 0,57 -0,39 0,02 -'1,48 0,03 -0.81 -1.35 -0.90 --0,72 0,36 -0,58 -0,98 -0,48

,-0.77 0.83 0.l 7 -0.29 -0.02 -0.38 1.H -0.97 -0.75 -0,25 0..30 0,61 -0,60 -0.43 -0,03

-0.69 -0.53 -3,26 --6,18 -1,54 -3.47

TRENDS '90 :



Surface 850-300 mb 300-100 mb

Year Wlnt Spr Sum Fall Ann Win ' Spr Sum Fall Ann Win Spr Sum Fall

1958 1.67 0.03 0.12 0,33 0,54 1.61 0.70 -0,07 0,14 0,60 -0.46 -0.35 0.39 0.98

i959 0,48 0,31 0.55 --0,49 0.2I 0.25 0,95 0.42 0,14 0.44 0_35 0,88 0,63 0,28

1960': 0.52 -0,88 0,I0 -0,34 --0,15 -0,04 -0,70 0,14 --0.07 -0,17 0.84 0,60 0,25 0,53

1961 0.92 0.82 0.25 0,21 0.55 0,42 0.56 0.21 0.67 0,47 0.53 0.42 0.53 -0,28

1962 0,94 0.39 -0,09 -0,31 0.23 0.46 0.56 0.18 0,04 0.31 -0.70-0.21 -0.28 0.28

1963 0126 -0,il 0.03 0.97 0,29 0,53 -0.18 0,21 0.81 0.34 -0.53 -0,14 0.56 0,67

1964 0,12 -0.83 -0,19 --0,17 -0,27 -0,04 0,32 0.21 -0,07 0,11 0,14 0.07 -0,07 0,18'

1965 -0.47 --0,32 -0.20 -0,60 -.0,40 0.18 ..-0.35 -0.39 ...0,49 -0.26 0.56 0.14 -0.39 0.25

1966 0.39 0,37 -0.36 -0,135 0,09 0,00 0,04 0.18 0.56 0.20 -0.25 -0.46 0,7"/ 0,00

1967 -0,47 0,48 0,64 0,85 0,38 -0.35 0,46 0;46 0.60 0.29 -0,07 0,42 -0,88 -0,67

1968 -0,42 1.07 -0,31 -0,16 0,05 0,74 0,42 --0,67 -0.28 0,05 0,00 -0,84 -0.32 -0,04

1969 -2.27 -0,93 -0,10 -0,03 --0,83 -0,98 -0,49 0,07 0.14 -0,32 -0,46 0,25 0.21 --,0.32

1970 0,00 -.029 --0.23 0,21 -0,08 -0.42 -0,35, 0.07 0.18 -0.13 -0.39 -0,42 0,32 -0.21

1971 -0.67 -0.35 -0.25 0,65 .-0.16 '-0.53 -0,60 -0.21 0,14 -0,30 -0.04 0.04 0.07 -0,11

1972 -0,90 -0,25 -0,06 -0,60 --0,45 -0,95 -0,35 -0.28 -0.49 -0.52 0,42 -0.46 -0.53 -0,35

1973 -0,19 -0,02 0,12 -0,43 -0,13 0,130 -0,21 -0,21 --0,67 -0.27 0.14 0,35 0,00 --0,49

1974 -0,02 -0,32 -0,47 --0,24 -0,26 -0,39 -0,81 .--0.63 -1,12 -0,74 -0.25 -0.11 -0,53 -0,2.5

1975 0.52 0.58 0,51 0,00 0,40 -0,42 0,04 0,32 -0.21 -0,07 0.07 -0.21 -0,77 -0,21

1976 0.02 -0,80 -0.05 --0,82 -0,41 -0.25 -1.09 -0.46 -1,03 -0.71 -0.14 -0.46 -1.09 -4_.52
1977 -0.96 0.53 -0,08 0,17 -0.09 -0.96 0,44 -0.11 0,14 -0,12 -0.12 0.51 0,05 f},14

1978 -0,20 -0.53 0.07 0,10 -0,i4 -0.66 -0.22 -0.05 -0.13 -0.27 0,42 -0.30 0.16 -/_.21

1979 --0,54 0.33 0,16 0,01 -0,01 -0.43 0.73 0.22 0.44 0,24 -0,28 --0,25 -0,31 0,10

1980 0,65 -0.14 -0.47 0,03 0,02 0,21 ---0,31 0.29 -0.24 -0,01 -0.51 0.92 0,84 0,46

1981 1.06 1,06 0,31 0.40 0,71 0,73 0,71 0.37 -0.03 0,45 -0,76 -0.79 0.01 0,23

1982 0.21 -0,22 -0,05 0.28 0."" -0.32 --0.28 -0.01 0.20 -0,10 0.69 0.50 0,09 .-0.33

1983 2.92 0.60 0.34 0.57 1,11 0.93 0.98 0,45 0,39 0.69 -0,23 -0,95 -0.11 0,04

1984 1.02 0.03 0.26 -0.19 0.28 0.05 -0.25 0.27 -0.61 --0.14 -0.40 .-£1.32 0.00 0.43

1985 -1.29 -0,27 .-0,20 --0,99 -0,69 -0.51 -0,26 -0.25 -0.46 -0,37 0,22 0,80 0,01 0,32

1986 0,14 0.51 -0,40 -0,45 .-0,05 -0,07 0.52 ,--0,06 0,17 0,'14 0,31 -0.31 -0.20 -0,12

1987 0,78 -0,13 0.10 -0,79 -0,01 0.23 0,22 0,38 -0.41 0,11 -0,05 -0,82 0.29 0,90

1988 0.55 0.60 0.39 0.26 0,45 --0.05 0,23 0.97 0.37 0.38 -0.70 0.20 -0,06 -0.05

1989 1,49 0.79 0.47 0.17 0,73 0.36 0.50 0.54 0.33 0.43 0,49 0,02 -0,85 --0.28

19_ 1.31: 1,77 0.53 1,03 0,35 0.24

`_....`_._.._...._v..___......._._......._..__..__._..._._`...._.........._..`..._................_.._.........

*Temperature anomalies (in relation to a 1958--1977 average ) expressed in degrees Celsius.
"l'Northern Hemisphere winter (Dec-Feb),

Note: Data for summer (Jun-Aug) 1989 through spring (Mar-May) 1990 are provisional,
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Temperature Anomalies•

.... .,, . • ,_ ,..., .. .... _..,_ ._, ..... .. ,,.. ,., .-, ,. _`._`_....`....```..'_............_......_...._._...._..._......`.._._._._._._....._._._._`_.......-...... °4....:. ...... :.:.'.:..'..*_4.._......'.:.'.:._.: ......................... :,:.:4.:,'.

Annual and Seasonal TemperatureAnomalies*

Surface-.100 mb 100--50 mb 100-30 mb

Ann Win Spr Fall Sum Ann Win Spr Sum Fall Ann Win Spr Sum Fall Ann

,0_14: 1,16 0.36 0.06 0.36 0.49 1.40 1.22 0,89 1.93 1.36 0.36 0.83 1.37 1.94 1,13

0.54 013i 0.83 0.49 0,07 0,43 1,48 2.18 1.32 0.64 1,41 0,60 1,48 0,99 1,21 1.07

_0',56 0,25 -0,44 0,16 0,02 0.00 i,19 1,33 1,00 0.37 0.97 0,69 1.02 0.77 0.34 0,71

0,30 0.53 0.57 0.29 0.38 0.44 .1,.30 0,23 0,78 -1,11 --0.35 --0,15 --0,04 0.74 -0,33 0,06

--0,23 0.28 0.36 0.03 0,06 0,18 0,53 -0,23 -0,80 0.23 -0,07 1,27 -0.53 -1,02 0,11 -0,04

0,14 0.25 -0,16 0.26 0.81 0,29 -1.11 0.01 0,70 1.01 0,15 0.56 -1.25 0,41 0.68 0.10

, 0,08 0,03 0,07 0,08 --0,03 0,04 -0,09 036 -0,16 -0.91 -43,15 0,70 1.40 -0,22 -0.70 0,30
0:14 0,16 -0.24 -0,36 -0,34 -0,20 -0.46 0.07 -0.02 0,19 -0.06 -0,68 1,40 0,14 0,02 0122
0,02 0,01 -0.02 0.22 0.33 0.14 039 -0.85 0.24 0.80 0.20 -0.16 -0.50 0.27 0,90 0,13

-.0,30 --0,31 0.45 0,19 0,36 0,17 0.85 0.23 -1.21 -0,28 -0.10 0.09 0,42 -0.44 -0.41 -0,09

-0.30 0,38 0.25 --0.53 -0,21 -0,03 -0,99 -0,74 0.118 -0,10 -0,41 -1,58 -0,91 0,12 -0,3,5 -0,68

-0,08 -1.08 -0.40 0,07 0,01 -0,35 -1,37 0,03 -0,04 1,15 -0,06 -2,03 -0.43 -0,07 -0.63 -0.79

-0_18 -0.34 -0.36 0.08 0,10 -0.13 0,05 0.37 0.33 --0,27 0.12 -0.28 0.46 0,31 -0,08 0.10

-0101 .-0,44 -0,42 -0.15 0,17 --0,21 0,03 -0,78 0,00 -0.1i --0.22 -0,75 -0.96 0.02 --0.50 -0.55

'...0123 -.0,64 -0.36 -0,30 -0,48 -0.45 --0,33 0,12 0,30 0,19 0,07 1,26 0.27 --.0,45 0,13 0,30

0.00 0,00 -0,05 --0,11 --41.59 -0.19 0,56 -0,94 -0,60 -0,38 -0,34 0,49 -1.58 -0,58 -0,89 -0,64

-0,29 -0.30 -0.57 -0,56 -0,78 -0.55 -0,09 0,46 -0,07 -0,38 --0,02 0,66 0.54 -0,14 0,11 0,29
-0.28 .--0,15 0.07 0,11 -0,29 --0,07 --0,16 -0,09 --0,29 -0,82 -0,34 -0,66 -0.62 -0, i2 -0,09 -0,37

-.0.55 -0.18 -0.90 --0,53 -0,88 --0.62 0.04 0.38 -0.58 0.27 0.03 0,72 0,43 -0,35 0.29 0.27

10115 -.'0,77 0.47 .-0.04 0,14 -0.05 -0,17 -0.08 0.42 0.17 0,09 -0.25 -0.30 0.12 --0.13 -0,14

i0.02 -0,34 --0.09 0.02 -0.10 --0.13 0.24 -1.35 -0.78 -.0,29 -0.55 --0.58 -1.29 --0,56 -0,09 -0,63
--0.19 --0,36 0,45 0.09 0,31 0,12 0,18 0,60 ---0,16 0,27 0.22 0,47 0.06 0,00 -0,02 0,13

0,43 0,14 0,04 0.27 --0.07 0.10 .-0,21 1,02 0,03 1.08 0,48 -0.93 0,41 0,39 0.79 0.'17

-0,33 0.49 0,42 0,28 0,10 0,32 0,52 0,04 -0,09 0.53 0,25 0,45 0,36 0,11 0,83 0.44

'i0.24 --0.02 -.0.09 0.03 0.09 0.00 0.93 0.64 0.91 0.24 0.68 1,78 0.68 0.77 0.36 0,90

-.0i31 1.02 0.50 0,28 0,33 0.53 0.28 0.1.8 -0,,39 -0.02 0.01 0.51 0.23 -0,57 0.31 0,12
-0;07 0.11 --.0.22 0.21 -034 -0.06 0.00 0.59 .-.0.79 0,40 0.05 0.23 0,34 -0.49 0,26 0.09

0134 --0,48 --0.03 --0,18 --0,37 --0,27 -0,44 -1,09 --0,65 -0,01 --0,55 -0,26 -0.82 --0.46 -0,04 -0,40
-0,08 0,05 0.34 -0.15 0,00 0,06 1,07 -0.26 -0,39 0.26 0.17 0,80 -0.09 --0,28 0,19 0,16

0,08 0,26 --0.07 0.32 -0,18 0.08 -0,01 -0,68 0,27 0,77 0,09 0,03 -0.40 -0,24 0,63 0,01

"'._i151 -0.09 0.29 0,64 0.26 0,28 -1.36 0.68 -0.23 -0.10 -0.25 -0,68 0,47 -0.23 -0.10 -0,14

_:'16 0.58 0.44 0.22 0.17 0.35 0,33 .-0,87 -0.80-0.37 --0,43 0.46 -0.54'-0:71 --0,23 -0,26

:::": 0.62 0.98 -0.78 --.0,43 --0.55 -0,40
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SNorth ubtr0PlCS (10°N-30°N)

Surface 850--300 mb 300-100 mb

Year Wln_ Spr Sum FaU Ann Win Spr Sum Fall Ann Win Spr Sum Fall Ann
I

1958:0;22:0,40 0,i2 : 0,30" 0126:0,28 0,77 0.81_ , 0,88 0,69 0o3i 0,18 0-56 0,77 0,46

1959i/:: O105:1/iiO1081 i-0,02!: :-01071 i O,01:: :0.53 _ ,0_63 0,421:0.39 0,49: _ 0,67 0,32 0,35 0,70 0.51 ';

1960:/I,0105:::oIO0 !:.i0,05:i:_0;47I: -0,091: OA9 0,44 0,49 0,i8 0,40 0.53 0,11 0,39 -0,21 0,21
• , , . , ,,. , , , .

1961 --0,07 -0.24 --0,17 -0,38 -0,22 0,18 0,II 0,00 0,04 0,08 0,II 0,28 0,56 0,25 0,30

1962 -0,21 --0,12 .-0,12 0,02 -0,11 0,28 -0,14 -0,11 0,18 0,05 0,60 0,35 0.25 0,25 0,36

1963 0,42 0,17 0,I0 0,34 0,26 -0,07 -0,25 -0,21 ,--0,21-0,19 -0,11 0,18 0,II 0,46 0,16

1964 -0.67 :--0.39-0,14 -0,39 -0,40 0,07 0.07 -0,07 -0.46 -0,10 0.63 0.53 0,14 -0,35 0,24

1965 -0,15 -0;38 -0,18 -0.08 -0,20 '.-0,91-0.53 -0,60, -0.25 -0,57 -0,67 --0,49'-0,28 0,07 -0,34

1966 -0.35 0,09 0,06 0,08 -0,03 0,14 0.32 0.25 0,14 0.21 1.02 0-56 0.67 0.24 0,62

1967 -0,31 -0,17 -0,07 -0,47 .-0.26 0,25 -0,35 0,14 -0,11 -0,02 0,00 0,11 0,21 0,14 0,12

1968 -0,29 -0,37 0,02 0,01 -0,16 --0,46 -0.60 --0,39 -0,32 -0,44 -0,49 --0,95 -1,02 --0,91 -0,84

1969 0,39 0,42 0,44 0,24 0,37 .-0,14 0.11 0,28 0,04 0,07 -0,56 0,39 -0,46 --0,42 -0,26

1970 0.55 0,19 0,28 0,00 0,26 OJ1 0;18 0,25 0,07 0.15 -0,21 0,35 0,39, 0,28 0,20

1971 -0.11 0.06 -0,27 --0,27 -0,15 -0 25 -0.70 -0,67 -0,60 -0..56 -0,42 -0,74 -1,05 -0,95 -0,79

1972 -0.19 -.0.32 0.27 0,30 0,02 -0,67 -0.35 -0,04 -0.11 -0,29 -0,98 -0,77 0,00 0,21 -0,39

1973 0,47 0,62 0,28 0,35 0,43 0.53 0,39 0,07 0,11 0,28 1,05 0,60 0,18 -0.14 0,42

1974 0,12 0,20 -0,32 0,02 0,01 .-0,18 -0,21 -0,28 -0,11 .-0,20 -0,53 -0,63 --0,53 --0,21 -0,48

1975 0,17 0,12 --0,08 0,09 0,08 -0,25 0,04 -0,32 0,00 -0,13 -0,60 --0,14 --0,11 0,11 -0,19

1976 0.08 -0.23 0.08 0.48 0,10 -0.49 .-0.49 -0,49 -0.34 -0.45 -0.35 -0,35 -0.39 -0,40 -0.37

1977 0,09 0.45 0,40 0,71 0,41 0,31 -0.13 -0,20 0.19 0,04 -0,05 -0.15 -0,17 -0,69 -0,27
1978 0.44 -0,14 0,43 0,63 0,34 -0.01 0,08 --0,02 -0.16 -.0.03 0.00 -0,64 --0,70 -0,76 -053

1979 0,19 0,38 0.16 0,44 0,29 :--0,51 -0,02 -0,03 0,08 -0.12 -0,58 0,05 --0,76 -0,88 -0,54

1980 0,71 0,96 0,45 0,56 0,67 0,06 0,14 0,36 0,21 0,19 --0,34 0,12 0,00 -0,24 -0,12

1981 0,54 0,71 0,68 0,33 0,57 0,05 -0,11 0,06 0,18 0,05 ,-0.56 -0,79 .--0,63 --0,74 --0,68

1982 0.57 0.05 0.40 0A5 0.37 -0,17 -0.27 0.10 -0.34 -0.17 -.0.53 -0,82 -0,22 --0.67 .-0.56

1983 -0,37 --0,13 0_*;9 0,64 0,18 -0.25 0.12 0.I0 0.04 0.00 0,35 0,20 0.21 -0.56 0,05

1984 -0,19 0,48 0,11 0,36 0,19 0,05 0,07 -0.35 -0,19 -0,11 -1,02 -0,87 -0,71 -1,23 -0,96

1985 -0,17 0,02 0,22 0,34 0,10 --0,05 -0,19 -0,28 -0,51 --0,26 -0,74 -0.53 --0,97 -1,03 -0,82

1986 0,07 0,21 0,28 0,27 0,21 0,25 0,07 0,11 0,10 0,13 -0,77 -1,02 -0,60 --0,47 -0,72

1987 0,46 0,42 0,76 1,07 0,68 0,23 -0.15 0,48 0,69 0,31 0,35 -0,35 -0,16 0,22 0,02

1988 0,37 O,47 0,18 0.02 0,26 0.59 0,52 0,81 0.52 0,6i -0,38 -0,21 -0,04 -0,26 -0,22

1989 0.14 0.14 0,30 -0,02 0J4 0,07 0,06 0.24 0.45 0,21 -0,42 --0,92 -0,45 -0,22 -0.50
1990 0.31 0,14 -0.13 0,74 0,76 0,30

_._._.._._._;.._._;_._`_._._..._..;_._....;._;._.

'Temperature anomalies (in relation to a 1958.-1977 average) expressed tn degrees Celsius,

?Northern Hemisphere winter (Dec-Feb),

Note: Data for summer (Jun-Aug) 1989 through spring (Mar-May) 1990 are provisional,
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Temperature Anomalies

Annual and Seasonal Temperature Anomalies*

Surface--100 mb 100-50 mb 100--30 mb

Win Spr Fall Sum Ann Win Spr Sum Fall Ann Win Spr Sum Fall Ann

!D_:: :: 0-58: i _ 0,64 0;76 0.57 0,60 0.60 -0,47 0,13 0.22 0.71 1.50 --0.19 0,33 0.59

:!i0:_:: i0:47'f:;iii0:33 0.41 0,42 0,01 -0.22 0.14 -0.39-O,12 0,12 -0,73 -0,11 0,33 -0.10

_:_,43:!::C0,071:!:0:39-0,o2 0,22 -0,41 -0.48 0._4 0.71 -0,01 -0,48 -0,21 0,11 0,64 0.02
:0A2 .... 0,i7 0,10 0,02 0,10 -0,38 --0.64 1,38 1,99 0,59 -1,01 -1.17 1,54 1,37 0,18

0.27 --0,03 -0,03 0,17 0,10 0.63 0,08 -0.49 -0.15 0,02 0,83 0,39 -0,39 0,16 0,25

0,00 -0,08 -0,09 0,03 -0,04 0,05 0,81 1.99 0,86 0,93 -0,33 0,84 1,81 1.12 0,86

ii0.071 _ 0,i0 _ -0,04 --0.42 -0,07 1,19 0.77 1;47 0.18 0,90 1,28 0,72 1,35 0,74 1,02
_.73::!rOZH) -0,46 -0,15 -0,46 1,15 0,55 1,06 1,39 1,04 1.39 1,34 0,79 1.24 1.19

0.25 i OiM 0,31 0.15 0,26 -0,09 -0,08 -0,27 -0.08 -0.13 -0,71 -41.53 -0.34 0,46 -0.28
0,10 -.0,22 0,12 -0,11 -0,03 0,09 0.57 -0,49 -1,42 -0,31 0,45 0,73 -0,37 -0,67 0,04

•-0,44 -0.64 -0,46 -0,40 -0,49 -0,.34 1,16 0,00 -0,11 0,18 -0,03 1,04 -0,02 -0,53 0,12

-0,08 -0.22 0,14 -0,03 -0,05 -0,18 0,11 --0,10 0,67 0,13 -1,16 -0,78 -0,84 0.22 -0.64

0,11 0.22 0 29 0,11 0.18 -0,83 =-0.57 -0,06 0,03 -0.36 --0.94 -0.20 0,40 0,42 --0.08

_0,26 -0_8 -0,69 -0,62 -034 -0.13 -0,05 -0.17 0,01 -0.09 -0,46 -0.32 0,05 -0,32 -0,26

4),66 -0.44 0.02 0.03 -0.26 0,56 -0.55 -1,62 -0,48 .0,52 0,20 -0,41 -1,61 -1,10 -0,73

0,64 0,48 0,13 0,b9 0.34 -0,48 -0,54 --0,18 -0,15 -0,34 -1.72 -1.26 -0,36 --0,55 -0,97

•-0,21 -0,24 -0,34 -0,1l -0,23 0,18 -0.77 -0,58 -0,55 -0,43 0,83 --0,69 -0,48 -1,16 .-0,38

-0,26 0.01 -0,23 0,04 -0,11 -0.20 0.39 -0,22 -0,09 .--0,03 -0,47 0,02 -0,03 -0,35 -0,21

_0,36 .-0.42 -0,37 -0.22 -0,34 1,15 0,49 0.77 -0,13 02;7 1,29 0.05 0.16 "0,39 0._

0.20 -0,04 -0,11 0,09 0,04 -1.57 1,00 0,30 0.06 -0.05 -1,89 0.53 -1,16 -1,23 -0.94

_0,00 -0,12 -0,08 -0,16 -0.09 -0,89 -0,66 -0,76 -0,77 -0.77 -2,17 -1.87 -1,13 -1,33 -1.63
=0,41 0,07 0,22 0,02 -0,03 -4),10 0.13 --0,21 -4,24 -0.11 0,06 0.11 -0,31 -0,86 -0,25

0,07 0,26 0,22 0,19 0,19 0,28 -0,52 --0,27 -0,20 -0,18 -0,14 -1,44 0,07 -0,24 ,-0,44

-0,01 -0.12 0,12 0,06 0,01 --0,22 -0,78 -0,75 -0,31 -0,52 0,04 -1,00 -0,88 -0.59 --0,61

'-0,22 -033 0,07 -0,29 -0,19 0,04 0,28 0,71 0,90 0,48 -0,67 0,43 0.89 1,14 0,45
-0,14 0,07 0,18 0,09 0,05 1,14 -0.14 --0.37 0,61 0,31 0,22 -1,13 -0,69 0.56 -0.26

-.0,22 -0.07 -0,31 -0,22 -0,21 0,29 -0.99 -0,93 -0,26 -0,47 0,35 -0,75 --0,74 --0,32 --0,3'7

-0,20 -0,21 -0,32 -0,48 -0,30 -1,07 -0.81 -0,39 0,23 -0,51 -0,92 -0,91 -0.50 -0,13 -0,62

4),01 -0,18 0,02 0.10 -0,02 -1,26 -0,54 -1,65 -1,33 -1,20 --0,89 --0,80 -1,26 -0,96 --0.98

0,33 -0,11 0,40 0,59 0,_ -1,50 --0,47 -0,55 -0,65 -0,79 -0,99 -0,55 -0,74 -0,76 -0,76

0,34 0,42 0,48 0.25 0,37 -1,66 -1.50 -1,21 -1,81 -1,55 -1.23 -109 --0,98 -1.21 -1.13

0,05 --0,19 0.10 0,22 0,05 --0,69 -0,70 -0,05 -0,40 .-.0,46 -0.39 -0,68 -0,42 -0,42 .-0.48

0.!4 0,56 0,04 0.91 -0,33 -0.32
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_ldl, ,

Equ ato ri a I (lOOS- 10°N)

Surhlce 850-,M10 mb $14b-100 mb
,, 4-- ._

Year _ ln_ Spr Sum Fail Ann Win Spr Sum Fall Ann Win Spr Sum Fall

1958 0,45 --.0.30 -0,90 0,30 -0,11 0,25 -0.30 -0.60 -.0.22 -0,22 0,68 -1,65 -.0,05 0,37

1959 0,15 .-0.45 -0,18 0.25 -0,06 -0.04 -0,09 -0.27 -0.27 -0,17 ....0.13 --0.19 -,-0,02 .-0._

19(_ -.-0,07 .-0,07 0,00 0.23 0,02 -0,03 -0,11 0,15 0,06 0,02 0,11 --0,19 0,38 0.23

1961 0,12 0.17 0,13 0,02 0,11 -0,11 --0,05 .-0,03 -0,35 -0,14 --0,03 -0,12 --0,55 --0,03

1962 --0,02 -0,18 ,-:0,12 .-.0.13 -4),11 --0,14 ---0,25 -0,22 0,20 -.0,10 0,32 0,21 .-4.),06 0,29
1963 ---0,22 -0,23 0,07 0,22 --0,04 -0,24 -0,i0 0,13 0,19 -0,01 --0,11 0,20 -0,26 -0,07

1964 --0,23 -0,09 -0,11 --0,39 -0,21 0,49 0,28 -0,32 -0,47 _'L01 0,21 0,00 ..-0,34 -0.78

1965 -0,64 -0,01 -0,31 0.07 -0.22 -0,76 -0,20 -0,32 0,06 -0,31 -1,08 .--0,94 -0,40 0.15

1966 -0,10 0,13 0,20 -0.03 0,05 0,30 0,23 0,20 -0,33 0,10 0,35 0,21 0,01 -0.37

1967 --0,08 -0,09 -0,06 --0.38 ---0.15 .--0,34 -0,39 -0.10 -0.17 -0.25 -0,20 -033 0.21 0.00,
1968 -0,13 --0,20 0,08 0,09 -0,04 -0,17 -0,35 -0,11 -0,19 -0,21 -0,57 -1,01 0,1'5 -0,26

1969 0,17 0,36 -0,01 0.32 0,21 0,19 0,68 0,25 0,24 0,34 0,30 0,92 --/).13 0.39

1970 0,38 0,14 -0.11 --0.37 0,01 0.55 0,62 0,38 0.43 0.50 0,41 1,30 0 ,.'a 0.57
1971 -0,14 -0,20 -0,33 ...0,47 --0,29 .-0,21 -0,55 -0,43 -0.57 -0,44 0,06 -0,82 -0,60 -0.75

1972 -0,10 -0,24 0,19 0,24 0.02 -0,55 -0.13 0,45 0,64 0,10 -0,85 -0,46 0,18 0.45

1973 0,59 0,37 0,16 0,36 0,37 1,15 0,64 0,39 0,35 0,63 1,13 0187 0,76 0,37

1974 0,03 -0,30 0,26 0,12 0,03 --0,37 .-.0,02 0,08 0116 -0,04 -0,29 -0,02 0,35 -0.20

1975 0,13 0,19 -0,10 -0.27 -0,01 0,18 0,20 -0.02 -0,06 0,08 0,15 0.18 -0,10 0,2,8

1976 -0.31 0,08 -0,20 0,07 -0,09 -0,18 -0,34 -0,16 0.37 -.-0,08 -0,02 -0,42 0,15 0.55

1977 ---0,02 0,43 0,37 0.33 0.28 0,45 0,32 0,44 0,47 0,42 0,36 0.16 0.26 0,33

1978 0.51 0,26 0,30 039 0.37 0,50 0,78 0,11 0.05 0,36 0,10 0,35 -0,29 -0.36

1979 0.54 0,60 0.54 0.61 0,57 0,52 0,22 0,50 0,42 0,42 0.36 0,(_9 -0,01 .--0,51

1980 0,40 0,49 0,06 0,33 0,32 0,35 0,44 0.57 0,50 0,47 -0,84 --0,(_ -0.11 -0,44

1981 0,13 0,43 0,15 0,07 0,20 0,31 0,45 0,09 0.37 0,31 -0,89 -0,91 -0,73 -0.54

1982 0,26 0,28 0,62 0,33 0,37 0,53 0,2,4 0.57 0,21 0,39 -0.56 -0,98 -0,40 -0,86

1983 0,52 0.58 0.61 0.14 0.46 1,21 1.21 0,77 -0.10 0,77 0,06 0.31 0,21 -0,47

1984 0,63 -0,01 -0.32 0,13 0,11 .-,0,04 0,08 -0.04 -0,07 -0,02 ,-0.86 -0,89 --0,99 -1,20

i985 0.56 0,06 0,05 0,28 0,24 0,26 0,08 -0,19 0,11 0,07 -1,04 -1.13 -1.34 '1.25

1986 0,35 0,39 0,29 0,22 0.31 0,20 0,02 --0,05 0.37 0,14 -0,90 -0,77 .--0,81 --0,(.4

1987 0,81 1,37 1,41 0,87 1,12 0,77 0,80 0,96 0,91 0.86 -0,02 -0,19 0,23 0,.30

1988 1,03 0,74 0.24 0,57 0,65 1,15 0,62 0,77 0,24 0,70 0,22 0,33 0,73 -0.64

1989 0,23 --0.08 0,12 0.56 0.21 -0.26 -0,30 --0.12 0,23 -0,11 '1,45 -1,18 -0.52 -0.28

1990 0,70 0,72 0,17 0,62 --0,96 -0,40

v_.___;_._'_;_

*Temperature anomalies (in relation to a 1958-1977 average) expressed in degrees Celsius,

"l'Northern l temisphere winter (Dec-t?eb),

Note: Data for summer (Jun-Aug) 1989 through spring (Mar-May) 1990 are provisional,

TRENDS '90
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Temperature Ar Jmalies
......, ........................ . .... . ,............ ........... .... ......... ............ ....... ....... ....

Annual and Seasonal Temperature Anomalies*

Surface-100 mb 100-50 mb 100--30 mb

Ann Win Spr Fall Sum Ann Win Spr Sum Fall Ann Win Spr Sum Fall Ann

-0i16:0.37 -1,43 -0,59 -0,21 -0,47
-0,15 :_,02 .-0,11 -0,20 -0,04 --0,09 -1,87 -2.65 '2,81 1.2.4 .1_52

f,_3:-0.61 -0,10 0,18 0.13 0,02 0,21 -1,07 -2,0o -172-115 -0,14-1,23 -s,18 -4,66 -2,80
-.0,18 -0,06 0,01 -0,28 --0,21 -0,14 -5,23 -2,29 0,83 2,63 '1,02 --4,97 ,-4,80 -0.56 -1,47 -2,95

'0.i9 -0,01 -0,J3 -0.24 0,05 -0,08 0.59 -0,88 -l,21 -2,17 -0,92 -0,37 -2,04 -3,64 -3,12 -2,29

-0.06 -0.20 -0,05 0,02 0,13 -0,03 -1,45 -2,02 -0,47 1,02 -0,73 -3,99 -3,46 0,72 3,89 -0.71

-0,23 0,37 0,19 -0,28 -0,49 -0,05 1,38 2,27 1,70 1.50 1,7i 0,62 1,99 1,49 0,64 1,19

•-0.57:-0,81 -0,41 -0,33 0,08 -0137 0.99 0.51 -035-0,83 0,03 0.57 -0,09 -1.14 -1,37 -0,51

0.05 0,15 0.21 0.12 -0,29 0,05 -1,86 -1,97 -0,48 2,23 -0.52 -Z34 --0,931,72 2.30 0,19

-0,08 -0,31 -0,32 -0,01 -0,15 -0 20 1,49 2.12 0,33 0,23 1,04 2,04 2,03 0,88 0,14 1,27

•-0.42 --0,25 -0,47 -0,01 -0,15 ---0,22 -0,30 1,14 --0,91 -1,16 -0,31 -1,06 0,09 ,-0,95 -0,48 -0,60

0.37 0,21 0,630,09 0,29 0,31 -1,18 -1.59 0,34 0,57 -0,47 -1,25 -0,38 1,22 1,59 0,30

0,74 0.49 0,69 0,37 0,40 0,49 0,28 0.20 0,39 0.69 0.39 -0.70 -0.55 0.10 0.65 -0.13

-033 -0,19 -0,56 --0,45 -0,59 -0,45 0,20 -0,63 1,09 1,25 0,48 1,67 1,66 1,14 -0,42 1,01

-0.17 -0,54 -0,22 0,36 0,52 0,03 1,84 1.26 -0,82 -2.22 0,02 1.80 034 '1,36 -0.72 0,07
0.78 0,94 0,65 0,43 0,36 0,60 -1,74 -0.79 0,89 0,71 -0,23 -1,80 --0,22 0,51 0,37 -0,29

-0.04 --0.29 -0,16 0,17 0,08 -0.05 1,64 0.46 , -1,01 .-1,59 -0,13 1,27 -0,72 -2,05 -2,32 -0,96

0.13 0,17 0.19 -0,05 --0,01 0,08 -0.78 -0.53 0,76 1,24 0,17 --0,54 --0,!1 0,26 1,44 0,26

'0.07 --0,16 -0,29 -0,10 0,36 -0,05 3,31 1.44 0_91 1,,. ) 1.72 2.51 0.50 0.48 -1.53 0.49

0.28 0.35 0.30 0,39 0,41 0,36 -1,34 -0.72 -0,65 -1.21 -0.98 -3,83 .-I.59 -1,40 1.22 -1,40

--0.05 0,43 0,58 0,06 0.01 0,27 -032 0,52 2,34 1,41 0,94' -0,03 0.80 1,19 0,60 0.64

•-0.02 0,49 0,25 0,40 0,31 0,36 0,60 -0,10 -0,96 -2,24 -0,68 --0,42 -0,63 -0,81 -2,08 -0.99

-0.50 0,16 0,34 0,34 0,24 0,27 -0,79 -1,93 0,05 1,60 -0,27 -1.14 -2.53 0,69 1.37 -0,40

-0.77 -0,01 0,14 -0,11 0.08 0.03 1,33 0.5_¢ -0,12 -0,07 0,42 1,44 -0,23 -1,32 -1,11 --0,31

--0,,70 0,23 0,03 0,36 0,00 0,16 -0,98 -0,41 .--0,32 1.92 0,05 -2,76 -2,23 0,44 2,42 --0,53
0.03 0,89 0,98 0,62 -0,06 0,61 1.55 1,19 0,60 0.76 1.03 0,87 0.55 -0,87 -1,10 -0,14

-0,99 -0016 -0,17 --.0.32 -0,29 -0.24 0.45 -1,10 -2,11 -2,44-1,30 -0,94 -1,40 -1.49 -1,68 -1,38

-1.19 0,02 -0.19 -0,41 -0,16 -0,19 -2,86 -1,42 --0,05 0,38 --0,99 --1.74 -0,76 0,13 -0,27 --0,66

-0.78 -0,01 -0,10 -0,1¢, 0,12 -0,04 --0,92 -1,16 -1,82 -2,65 -1,64 -1,01 -1.30 -1,62 -2.03 -1,49

0.08 0,68 0,72 0,69 0,88 0.74 -2,55 -3,27 -3,70 -1,43 -2,74 -2,25 -2,46 -2,20 --0,89 -1,95

0.16 0,96 0.58 0,68 0.10 0.58 -1,38 -2,29 -1,49 -2,04 .-1,80 -1.08 -1,83 -1,15 -1,65 -lA2

-0.86 --.0,44 --0,46 -0,17 0,17 -0,23 --0,68 -1.58 -1,89 -2,31 -1162 -0.83 -1,27 -1.45 -1.77 -1.33

0,01 0.4'1 -2,80 -2.13 -2,02 -1.33

2O3



South Subtropics !30°s-10°s!, ..... '

Surface 850-_1_ mid 3<NI-IOO mb

Year Wlnt Spr Sum Fall Ann Win Spr Sum Fall Ann Win Spr Sum Fall Ann

1958 1,10 1,00 -0,10 0,40 0,60 0,70 0,04 0,56 0,53 0,46 _.-0,14 0,04 0,00 -1,51 .-0_40

1959 0,47 0,50 0,67 0,52 0,54 0,21 0,07 0,32 0,28 0,22 -.0,63 -4),21 --0.53 --.0.56 --0,48

1960 0,34 0,20 0,01 0,37 0.23 0,46 0;07 0.56 0,32 0,35 0,53 .-.0,18 0,00 0,18 0,13

1961 0,06 0,15 -0,08 0,26 0,10 --0,04 0,49 0,18 0,11; 0,19 -0,18 0,39 -0,11 --0,32 -0,06

1962 0,08 0,04 .-43,04 0,26 0,09 0,18 -0,28 ---0,04 -4),04 -0,05 -0,0"/ 0,07 0,11 0,28 0,10
1963 .-0,13 0,130 -0,16 --0,10 -0,10 -0,18 -0,14 0,07 .-0,14 -4],10 -0,56 0,07 0,25 0,07 -0.04

1964 -..0,13 --0,01 -0123 0,05 ..-0,08 0,00 0,07 -0,42 -0,56 -0.23 0.42 0,04 -0,32 -4),67 -0,13

1965 -0,08 -0,28 -0,(Y) -0,28 -0,18 -1,16 -0,60 -0,63 -0,28 ,-0,67 -1,19' -0,60 -0.49 0,04 -0,56

1,966 ....0,08 -0,25 -0,16 -0,25 .-0,19 0,04 -..0,18 0,0-4 -0,18 -0,07 0,25 0,42 0,00 0,11 0,20
1967 0,fY) 0.09 -0,16 0,10 0,03 -0,28 -0,04 -0,07 -0,18 -0,14 -0,42 -0,42 -0.25 -.-0,32 ---0,35

1968 0.17 --0,72 --0.60 ---0,21 -0,34 ;-0,23 -0,35 -0.14 0,07-0,16 -0.11 --0,67 0,04 0,14 4),15

1969 0.12 0.28 0,02 -0,03 0,10 0,28 0,60 0,53 0,32 0,43 0,14 0,98 0,39 0,35 0,47

1970 0,03 ,--0.14 -0,09 -0,24 -0.11 0,35 0,53 0,49 0,28 0,41 0,49 0.53 0,63 0,77 0,61

1971 .--0,16 ...0.23 -0,17 --0,25 -0.20 -0,21 -0,63 ,-0,56 -.0.67 .-0.57. 3.77 -.-0,42 -.-0,46 -0£0 -0,18

1972 -0.13 .--0,21 0,20 -0,06 -0,05 -0,39 0,00 0,2i 0,60 0;11 0,46 -.0,46 0,04 0,18 0,06

1973 0,48 0.59 0,51 0,02 0,40 0,95 0,95 0,35 0,28 0,63 0,91 0,35 0,42 0,39 0,52

1974 ---0.41 -0,15 0,10 -0,05 -0,13 0,07 0,07 -.0.32 -0,14 -0,08 -0,18 -0,25 --0,21 0,04 -0,15

1975 -0.45 0 11 0.15 -0.09 -0,07 -0,25 -0,21 -0,35 -0,25 .-0,26 -0.14 0,11 .-.0,02 -0,11 -0.04

1976 -0,57 -0,32 .-0,26 -0,19 -0,M --0,32 -0,32 -0,46 -0,35 -0,36 -0,70 -0.35 -0.53 0,00 -0,40

1977 0,16 0,36 0.24 0,16 0,23 0,38 0,62 0,80 0,47 0,57 -0,07 0,03 -.0,37 0,20 -0,05

1978 -0,09 0.12 -0,02 0.04 0,01 0.33 0,24 0.46 0,26 0.32 0,21 -0,04 0,07 0,13 0,09

1979 -,0,24 0.14 0,10 0.03 0,01 0,17 0.51 0,45 0,28 (I,35 0,07 0,18 -0,15 --0,03 0 02

1980 0,49 0.97 0,53 0,44 0,61 0,61 0,88 0,75 0.41 0.66 -0,27 --O,[Y) 0,23 0.31 0,05

1981 0.01 0,26 -0,31 0.55 0,13 0,53 0,23 0,28 0,21 0.31 -0.19 -0,22 -0,46 --0,34 -0.30

1982 0,38 0,87 0,51 0.38 0.54 0,62 -0,04 0.33 0,35 0,32 4),07 -0.01 -0.20 -0.05 -0.08

1983 0,47 0,76 0.58 0,79 0,65 0,78 1,22 0,40 0,03 0,61 0,41 0,59 0,02 -0,10 0,23

1984 0.40 0,7"1 0,81 0,84 0,69 0,42 0,89 0,26 0,31 0,47 -1,24 --0,88 .-0,91 -0,82 -.0,96

1985 --0,24 0,29 0,57 0.20 021 0,39 0,53 0,12 0,45 0,37 ,-1,22 -0,79 -0,79 -0.63 -0,86

1986 -0,7(I 0,49 0,59 0,64 0,26 0,60 0,23 0,04 0,12 0,25 -0.86 -0,10 -0,23 --0,03 -0,31

1987 0,76 1,66 0,70 0.'70 0,96 0,79 0,76 0,49 0,64 0,67 -0,13 --0,14 0,83 1,03 0.40

1988 0,39 0,23 0,40 0,73 0,44 0,_) 0,(Y9 0,92 0,16 0,77 0,49 0,47 0,66 0,23 0,46
1989 .--0.29 0.37 0,22 0,04 0.09 0,05 0,16 0,27 0,14 0',16 -0.58 .0.51 -0,15 0,15 -.0,27

1_)0 -0,07 0.59 0,01 0,57 0,03 0,20

,.,,w,.,,,,,,,,,,,,,,,.,.,,,,,,,.,,.,,,,,,.,,,,,,,..,.,..,,,,,,,,,,.,,,,,...,,,.,,,,,.,'.','.',.,,,,.,;...,,,

*Temperature anoml:lies (in relation to a 1,958-1977 average) expressed In degrees Celsius,

]'Northern tlemisphere winter (Dec-lZeb);

Note; Data for summer (.fun-Aug) 1989 through spring (Mar-May) 1990 are provisional,
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Temperature Anomalies
. %%._ w...',',,-' e,_ _"'_,_,'.4 ,._.' _'.'."._'"e,. o.''" " ',:._"'.'.',q_b'. 'M' ,,:_.., ,._,,,-_,:_,k.,....,,_.,.-.,.,, ,.,.,.,_,,,-,_°,,.,. ,_..° _,.,,.,.,....,_..,,,., ,._ ,.,,° e°, ...,,._,,,,' ..... -° ,.

Annual and Seasonal Temperature Anomalies*

Surface-tO0 mb 100-50 mb 100-30 mb

Win Spr Fall Sum Ann Win Spr sum Fall Ann Win Spr Sum Fall Ann

0.58 0.44 0,33 -0A8 , 022
0,07 0,08 0.19 0,13 0.12

0,46 0,04 ,0,34 0,30 0,2')
0,05 o.41 0,07 0,04 0,12
o,03 -0,_ -o,oi o,o8 .0,o8
0,26 -0,07 0,14 --0,09 -0,07

0,071 0.05 -0.37 .0,10 -0,_ 1,15 1.97 1,30 0,75 1,29 0.27 1,09 1,78 -0,07 0,77
0,99 :.q.55 -0;51 "-0.21 -0.57 1.58 0,33 1,20 1,63 1,19 0.43 -0.26 0.78 2,13 0,77

0,18 -0,06 -0,01 .0,13 .0,01 ..-.0,12 0,05 --.0,86 0,22 --6,18 -0,12 -0,16 -0,72 033 .0,17
=0.25 -0.10 .0,13 --0,02 -0,13 1,IX) 0,41 0,94 -0,10 0,56 0,39 0,67 0,14 -0,21 0,25
0,15 -0,48 0,11 -0,27 --0,20 -0,81 0,49 0,60 0,72 0,25 .--0,62 0,75 0,68 0,32 0,28
0,22 0,71 0,41 0,27 0,40 -0,16 ---0,04 -1,20 0, i9 -0,_ -0,42 --0,81 --1,41 0,65 -0,50
0,45 0,23 0,42 0,36 0,37 -0.52 -0,29 1,48 C,IO 0.19 -0.77 0,24 1.51 1.16 0.54
0,02 -0.52 -0,47 -.0_8 -0.39 1,17 0,25 -1,16 --0.33 -0,02 1,46 -0,32 -1.,12 -0,62 -0,15
0.27 -0.08, 0,25 0,40 0,08 -0,14 -0.56 0,42 .-0,35 -0,16 0,05 0,06 --0,74 -1,05 .0,42
0.86 0,76 0,29 0,26 0,54 -0,77 -0,23 _-0.59 -0,66 -0,56 -0,67 -0.67 -0,64 -0.49 -43,62
0,07 .0,04 -0,23 -0,09. -0,11 0,40 -0,10 0,50 -0,03 0,19 -0,18 --0,07 1,05 -0,44 0,09
0,26 0,02 -0,20 -:-0,19 -0,16 -0,_ O,fY: -0,35 0,03 -0,15 -0,31 0,35 -1,56 --0,83 -0,59

0,34 -0,33 -0,44 --0,25 -0,34 0.72 -0,06 -0,18 -0.18 0,08 0.27 -0.34 0,91 -0,30 0,14
0.24 0,43 0,45 0,36 0,37 -2,32 --0.63 ---0,18 .0.28 -0,85 -2.91 -0,63 -0,08 ---0,88 .-1,13
0.23 0.23 0.29 0,19 0,24 -0.33 -0.25 -0.38 -1,25 -0,55 -1,45 -1.13 ,-.0.64 -1.54 -1,19
0,05 0.38 0,26 0,17 0,22 -0,82 0.19 0,05 -0,30 ,--0,22 -1,80 0,41 0,43 -1,03 -0,50
0.53 0,90 0,64 0,46 0,63 -.0,37 -1,76 -1,20 -0,06 -0,85 0,19 -2,28 -1,73 -(I,56 -1,10
0,18 0,10 0.05 0,17 0.13 -0,41 -0.82 -0,12 0,46 -0.22 --0,22 -0,45 1,23 0.49 0,26
0.43 0.10 0.24 0,26 0,26 --0.58 0,01 1,16 1,16 0,44 -0.78 0,08 0,69 -0._) .0,03
0;66 1,0l 0,39 0.15 0,55 0.99 -43,99 .0,03 0,87 0.21 0£6 -0,73 0,47 1.56 0,49

0,04 0,49 0.08 0,13 0,19 0,20 -1,30 0,18 -0,19 -0.28 -0,87 -0.95 -0,20 -0,61 -0,66
-0,07 0,17 -0,12 0,17 0,04 -1,36 -1,61 -1,75 -1.15 -1,4'7 -1,10 -1,44 -1,36 -1,20 -1,28

0,06 0,20 0,07 0,18 0.13 -2,21 -2,53 -2,57 -2.52 -2,46 -1,80 -1.79 -1,64 -1.98 -1,80
0.58 0,71 0,60 0,76 0,66 -1.49 -1,42 -0,38 -0,32 -0,90 -1,34 -1,28 --0.70 -0,80 -1,03
0,78 0.75 0,75 0.27 0,64 -1,12 -3,38 -1,85 -3,52 -2,47 -1,62 -2,23 .-1,49 -2,61 -1,_

.-0,14 0,05 0,17 0,12 0,05 -1,84 -2,16 -0,60 -0.53 ._1,28 -1.59 -1,63 -0,65 ---0.97 -_,21
0,00 0,49 -2,43 -1.64 -1.43 -I,45
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South Temperate (60°S-30°S) ,

Surface 850-300 mb 30{_Itg) mb

Year Win? Spr Sum Fall Ann Win Spr Sum Fall Ann Win Spr Sum Fall

1958 0,63 0,70 0,73 0,70 0,69 ....0,12 ...-0,06 0,33 0,89 0,26 -.0,34 -.0,68 0,08 -.-0,45

1959 1,10 0,63 0,78 0,68 0,80 0,47 0,00 1,11 1,19 0,69 ,-0,47 0,51 0,53 -0,35

1960 0,68 0,63 0,67 0,10 0,52 0,90 0,22 0,03 0,42 0,39 -.-0,71 -0,41 1,68 0,25

1961 0,60 0,42 0,70 0,54 0,57 0,28 0,06 0,00 0,37 0,18 --0,05 0,56 --0,21 -1,02

1962 0,95 0,65 (I,55 0,55 0,68 0,62 0,44 0,38 0,18 0,41 -.4'1,54 -1,72 0,06 0,40

1963 0,55 0,28 0,13 0,12 0,27 0,47 0,02 -0,58 -0,46 -0,14 -0,40 0,43 1,00 2,20

1964'-0,45 -0,23 0,03 0,28 -0,1)9 -1,07 -0,36 -0,95 -0,64, -0,76 0,93 1,12 1,21 0,62

1965 0,38 -,-.0,17 -.0,08 0,66 0,20 -0,86 --0,75 0,30 0,43 -0,22 0,47 0,19 -.0,84 -.-0,45

1966 0,65 0,10 -0,15 0,18 0,20 -0,02 -0,17 -0,19 -0,20 ..-0,15 0,15 0,08 0,18 0,28

1967 -0,15 --0,22 -0,48 0,40 -0,11 -0,12 0,15 0,01 0,29 0,08 0,48 0.59 --0,16 --0,06

1968 0,35 0,47 .-0,20 -0,18 0,11 0,10 0,29 --.0,40 .-..0,70 -43,18 0.20 -0,38 .-..0,52 0,75

1969 .-0,93 --0,93 -0,50 -0,36 -.0,68 -43,10 -0,09 0,76 0.10 0,17 0.78 078 -0,16 --.0,69

1970 -0,28 -0.53 -0,28 -0,80 -0,47 .-.0,16 -0,39 .---0,13 -.-0,46 --0,29 -0,55 --0,25 .-0.'33 --0,38

1971 --0,55 --0,53 -0,,15 -0,65 -0,55 0,43 -0,12 -.0_30 -0,36 -0,09 ....0,12 0,42 -0,29 ...0,62

1972 -0,98 -0,47 --.0,50 -0,53-.0,62 -.0,48 0,03 0,26 0,49 0,08 -0,12 -0,57 .-0,39 -0,37

1973 .-43.63 -0,32 --0.50 -0,47 -0,48 0.57 0,58 0,34 -0,400,27 -0.59 -0,12 .-0,69 -.-0,14

1974 --0,74 0,20 -0,17 -0,75 -0,37 0,78 0,58 -0,14 -0,19 0.26 .-0,37 -1,18 .-0,90 --0,74

1975 .--0,75 -0,50 -0,32 -0,50 .--0,52 -0,06 -0,03 -0,32 0,07 -0,09 -0,11 0,06 -0,08 -0,41

1976 -0,97 .-.0,62 --0,08 -0,28 --0,49 0,38 0,35 0,26 -0.90 0.02 0,12 --0,63 -0.51 --0,50

1977 ..-0,55 0,05 -0,13 0,08 -.0,14 -0,38 0,87 -0,31 0,00 0.05 -0,26 -...O,IM 0,63 -0.24

1978 0,15 0,12 0,00 ---0,15 0,03 0,15 0,11 0,77 0,16 0,30 .--0,19 --0,32 -0.26-.-0,18

1979 0,00 O,12 0,48 0,05 O,16 0.49 1.23 1.10 0.36 0,80 0,25 -4),05 0,25 0,45

1980 0,03 0,23 0,29 -0,0'7 0,12 0,43 0,74 0,61 0.25 0.51 .--0,22 0,33 --0,48 0,03

1981 -0,13 0,28 0.31 -0,20 0,07 0,93 0,73 0.71 (I,42 0,70 q).78 --0,82 -0,89 0.00
1_2 -0,02 0,28 ---(I,02 0,02 0,07 0,83 0,64 0,77 0,32 0,64 --0,28 -0,06 0,01 0,80

1983 -0,67 -0,32 -.0,42 -0,03 -0,._ -0,29 0,86 0,65 0.83 0,51 --0,11 0,50 0,00 0,38

1984 -0,43 0.14 -0.45 -0.11 -0,21 0,23 0,23 0,02 0,25 0,18 _,0.71 -0,56 0,80 0.15

1985 0,06 0,43 0,58 --0,44 0.16 0,14 0,85 0,81 0,12 0,48 -0,70 -0,39 --0,94 -1,30

1986 -0,40 0,32 --0,28 --0,30 --0,17 0.29 0.09 0,43 0,29 0,28 -1.(_ -0,70 ---0,21 0,01

1987 -4),51 0,45 0,56 -0,li 0,10 0,72 0,6.5 1,08 0,43 0,72 .-0.52 -0,08 --0,22 0,41

1988 -0.74 -0,48 -0,61 0,00 -0,46 0,11 0.48 -0,10 0,18 0.17 -0.54 .--0.32 0,23 0,35'

1989 -0,11 -0,13 .-0,23 .-.0,08 -0,14 0,49 0,41 0,_ 0,49 0,44 -1.20 .--0,81 --0,82 -1,01

lt)rg) 0,03 -.0,15 0,55 0,38 -0,61 0,75

*'l'empe_ature anomalies (in relation to a 1958--1977 average) expressed in degrees Celsius,
"l'Northern l lemisphere winter (l)ec-Feb),

Note_ Data for summer (Jtm-Aug'} 1989 through spring (Mar-May) 1990 are provisional.
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Temperature Anomalies

Annual and Seasonal Temperature Anomalies*

Surface--109 mb 100-50 mb 100-30 mb

Ann Win Spr Fall Sum Ann Win Spr Sum Fail Ann Win Spr Sum Fall Ann

-0,35 ' --0,04 --0,03 0,34 0,56 0,21 ....

0,06 _ 0144: : 023 0,93 0,76 0.59

0,20 : 0A5 0,15 0,4I 0,33 0.'44 ,
--0,18 0,26 0,23 0,07 -0,01 0,14

-0,45 0,42 0,02 0,34 0,30 0,27

0,81 -0,10 -0,17 -4],11 0,23 -0,04

,0,97 .-0,28 -0,01 -0,31 --0,21 -0,20 i,90 0,55 - 0,_9 0,22, 0,60 1,12 0,46 1,06 OA7 '0,78

-0,16 -0,36 -0,44 0,01 0,17 -0,16 0,89 0,92 1,03 0,86 ' 0,93 1,10 0,59 1,43 1,31 1,11
0,17 0,18 -0,07 -0,09 -.0,03 0,00 -0,28 0,08 -1,i4 -0,88 -0,56 -0,94 '1,03 -1,45 0,77 --0,15

0,21 -0,04 0,18 -0,11 0,22 0,06 0,10 -0,10 0,97 0,27 0,31 0,28 0,13 --0,05 0A7 0,21

0,01 0.16 0,13 -4),37 --0,29 -0,09 -0,63 .4),67 0,21 -0,32 -0,35 0,52 0,33 -0,19 -0,34 0,08

0,18 0,17 -0,04 0,35 ...0,15 0,08 1,04 0,47 0,71 0,37 0,65 0,61 0,98 1,57 0,63 0,95

-0.38 -0,44 .--0,38 -0,15 -0.50 --0,37 0,02 0,26 0,23 -0,08 0,11 0.27 1,."gi 0,37 1,24 0,81

-0,15 0,12 -.0,10 -0,33 -OA7 -0,20 0,00 -.0,40 -0,40 ..-0,89 -0,42 -0,20 -1,53 -1,14 .-.0,94 -0,95

-0,36 -0,48 -0,74 -0,09 0,13 -0,30 -0,37 --0,64 0A2 0.59 0100 0,40 0,29 1,22 1.21 0,78

-0,39 0,11 0,28 0.17 -0,.% 0,05 0,92 0,82 -1139 .-0,45 --0,03 1,23 0,04 '1,50 -0,52 --0,19

-0,80 0,27 0,12 -0,33 --0,39 ---0,08 -1,77 -157 -0,29 .--0,57 -1,05 -1,55 --1.56 -0,33 -1,25 -1,17

-0,14 --0,18 -0,14 .-0,24 -0,12 --0,17 0,18 0,01 1,,64 -1,76 0,02 -0,39 .-.0,71 --0,45 -2,10 --0,91

-0,38 0,04 -0,03 -0,52 .-0,71 .--0,31 -1,72 --.0,87 '1,13 0.90 --0,71 -2,05 -0,75 -0,38 0.73 .,-0,61
0,02 -0,38 0,53 -0,07 -0,04 0,01 --0,82 -.-0,18 0110 0,25 -0,16 -0,47 -0,21 ---0,31 0,50 --0,12

-0124 0107 -0,09 0,36 0,04 0,10 0,10 0,30 0,31 -0,50 0,05 -0,29 0,08 0,22 0,49 0,13

0,23 0,30 0,76 0,80 0,32 0.55 0,52 0,47 0,38 0,41 0,45 0,35 0,77 0,90 0,13 0,54

-0,09 0,23 0,56 0,31 0,16 0,32 0,77 -0,11 -0,91 --0,85 -0,28 0,76 ---0,28 -1,25 -0,39 --0,29

-0,62 0,45 0,28 0,26 0,23 0,31 -0,(:,4 0,07 .-0,94 0,16 -0,34 -0,48 -0,19 .-0,99 0,03 -0,41

0,12 0,44 0,42 0,49 0,37 0,43 -0,22 0,53 0,13 1,05 0,37 .--0,53 0,36 -0,09 0,39 0,03

0,00 -0,31 0,62 0,33 0,42 0.27 1,72 0,23 0,32 0.56 0,71 1.26 0,32 0,62 0,25 0,61

-0,08 -0,09 0,03 0,12 0,17 0,06 0,42 ..-0,66 0,14 -0,31 -0,10 -0,01 ..-.0,42 -0,14 -.-0.47 .-0,26

-0,83 0,06 0,55 0,39 --0,29 0,18 -1,09 -1,05 -1,7I -1,87 -1,43 -0,97 .-0,61 -1,06 -0,72 -0,84

-0,64 -0,26 .4),05 O,17 O,13 0,00 -1,4,1 -0,_) 0,24 -0,93 -0,78 -0,84 --0,65 -0,09 -0,15 -0,43

-0,10 0,24 0,45 0,71 0,34 0,44 -0,72 .4),72 -<,_,56 ---0,97 -0,74 -0,25 0,01 -1,56 -0,_ --.0,68

-0,07 .-.0,18 0,14 -0,11 0,19 O,Ot -l,98 .1,97 -1.,53 -2,21 -,1.,92 -1,45 -1,42 -1,M -1,56 -1,44

-0,96 0,01 0,06 0,00 0,06 0,03 -1,68 -2,01 .--O,B4-.0,86 -1.35 -1,18 -1,38 -0,63 .-0,50 -0,92

0,21 0,37 -1,23 --0,59 -0,69 --0,42
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South Polar (90°S-60°S)
................. _ ..... ;...................................................... _1' ...:; _;:::::::; ;._.:::_:::'.:;:;: ; :. :: : ;: : :_;: : :::::: : :; ;: :;:::;::;::: ;; : _.:::: :_; :;; ::::;;; ;::;::::::: : :1;_::::1::;:":;::;: :::::::::::::::::::::::::::::::::::::::::::::::::::::;;;;:::::;#.:::_::;_1:;1:::::,_,_,

Surface 850--2gH)mb 3(H_IO0 mb

Year Wint Spr Sum Fall Ann Win Spr Sum Fall Ann Win Spr Sum Fall Ann
1

1958 0.68 0,36 -0.58 -0,22 0,06 [ 0.11 0,34 1,01 -0.83 0116 0,56 0,69 -0,41 -0.55 0.07

1959 =-0,60 0,84 -0.66 -2.02 -0,61 I-0.86 1.12 -0.16 -1,50 -0,35 0,26 1,56 0.25 -2.04 0.01

!

1960 -1.02 -0,38 -1,88 -0,12 -0.85 [-0.09 -0,45 -0,3.5 -0,23 -0,28 :-0.58 2,61 .--0,83 -0.92 0.07

1961 -0,65 0,86 -0,61l 1,36 0,24 / 0,10 0,13 0,06 1.10 0,35 0,50 0,96 0,40 -1.49 0,09
1962 ..-0,58 ,--0,91 -0,78 --0,37 -0,66 /-0.99 -0.65 -.0.40 0,06 --.0.50 -1.72 -0,89 --43,62 1,93 -0,33
1963 -..0,38 -1,._ 0,28 0,53 .-0.23 -.0.23 -0.55 -.0.33 --0.56 ---0.42 1,06 0,78 0,68 -i,44 0,27

1964 0.10 -1,94 0.71 --0.93 ---0.52 0.21 -1.40 0,83 -0,30 -0,17 -0,63 -1.45 -0,90 3.50 0,13

1965 -0.03 -0,37 -0.22 --rl.lO ''0.43 0.23 -0.34 --0.59 -0.31 -0,25 0.73 --0,46 0.57 --1.59 -0.)9

1966 0,40 1.39 0,32 0,30 0,60 0.16 0.74 "0.48 --0,20 0,136 -0,48 0,33 0.64 "0.57 --'0,02

1967 1,15 --0,51 1,51 -0,60 0,39 0.58 --0.12 0,26 0,12 0,21 0,27 "0,86 0,26 1,61 0.32

1968 "0.58 0.80 -0,37 "0,96 "--0.28 0,130 0.62 --0.48 -0,42 -0,07 0,60 -0,89 -0.52 2,97 0.54

1969 0,35 0,68 --1,05 0.50 0.12 "4),45 "--0,03 -0.38 0,12 -0.19 _ 1'66 0.19 0.11 "--2.27 "0.08

1970 -0.28 -0.27 -0.53 1.31 0.06 -0.59 0.63 -9.16 0.77 0.16 -1.77 0.09 0.96 0.12 -0.15

1971 0.66 0,00 0,18 -.0.46 0,10 0,03 0.15 -0.19 0.16 0,04 -1.07 0,75 0,68 0,44 0,20

1972 0.10 -0,32 i,73 -13,7I 0,20 0,41 -0.01 0,75 0,06 0,30 -0,43 -0,55 --0.88 0.65 -0.30

1973 -0.52 1.12 0,08 1,45 0,53 --.0.26 0.55 0,29 1.01 0,40 -0,35 -0,60 0.26 ..--0,44 --.0.28

1974 .-0.15 1,10 1.20 1.8'7 1,01 O.lY) .-.0.58 1.26 0.33 0.28 0,56 0.20 0,35 0,91 0.51

1975 1,85 1,80 6.75 ..-0,05 1,09 0.89 -0.28 -0,37 --0.12 0,03 0.58 -0,26 -0.28 -0.81 -0.19

1976 0,57 -1,59 0,00 -0.05 -0,27 0.54 -0.38 -0.34 -0.51 -0,17 -0,32 -1.20 -0,65 -0.I7 -0.59

1977 1.03 1,13 1.93 -1,30 0,70 1115 0.70 1.30 -0,24 0.73 -0,34 -1.05 -0,24 0.02 -0.40

1978 -1.00 0.50 0,04 -0.10 -0,I4 -0.96 1.136 -0,44 0.34 0.00 1,50 1,07 -1.06 1.08 0,65

1079 0,31 0.73 .-0,53 1,20 0.43 0.52 0.81 -1,17 0,20 0.09 0,87 -0.12 -1.85 0.95 -0,04

1980 0,70 1,36 1,75 0,06 0,97 0,79 0.54 0,86 0.67 0.72 1.76 0,84 1.54 -1.58 0.64

198l 0,25 0.82 2,88 -0.10 0,96 0.44 0.03 0.77 0.28 0,38 0,75 -0.18 0,98 -0,24 0.33

1982 0,33 -1,26 --0.06 0.71 -0.07 0.72 -0.79 --0,20 -.0.17 -0,11 -0,11 -1,07 0,56 -1,07 ---0,42

1983 0.77 2.57 0.54 0.00 0,97 0,60 1,18 0.90 0.2"1 0,72 -1,19 0.60 -0,62 0.22 -0,25

1984 r 0,18 2.66 "-0,08 0,96 0.93 0,14 0.67 -0,23 0.29 0,22 --1.17 --1,72 -0,47 --1,03 --1.10

1985 0,77 0,30 1.59 -0.54 0,53 0,90 -0.21 0.67 -0.30 0.27 --1.25 --0.06 -0,04 --3.36 --1,18

1986 0,92 0.70 0,68 -0.50 0,45 1.06 0.43 0.52 -0.29 0.43 --2.50 -0,72 O,M --1.72 --115

1987 0,21 0.10 1.19 0.19 0.42 0,52 0.39 0,54 0.05 0,38 --2,12 --1.47 -0,49 -4.97 --2,26

1988 0,75 1,98 1.56 1.20 1,37 0.49 0.60 1.04 1.46 0,90 --1.67 --1.32 --0.43 3.42 0,00

1989 -0.52 -0,40 -0,01 -0,24 -0.29 0,84 -0.11 0.78 0.59 0,53 0.54 -0.11 -0.39 '3,35 -0,83
1_ 0.16 ' 0,46 0,72 0.24 -0.80 --0,88

_.._;_;_;_._;_;_;_._._;_..._..._.;_..;._.._.._._'_._;...;.;.._._..._._..._..._._.

*Temperature anomalies (in relation to a 1958-1977 average) expressed in degrees Celsius,

#Northern Ilemisphere winter (1)ec-Feb).

Nole: [)ata for summer (Jun-Aug) 1989 through spring(Mar-May) 1990 are provisional.
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,Tropical (30°S-30°N)

I
Surface 850-300 mb _H}--100 mb

Year Wint Spr Sum Y',dl Ann Win Spr Sum Fall Ann Win Spr Sum Fall

1958 ' 0.59: 0,37 -0,29 0;33 0,25 0,41 0,17 0,26 0A0 0.31 0.28 -0,48 0,17 -.0,12

1959 0.22 0,64: 0,16 0,23 0.15 0.23 0.20 0,16 OJ3 0,18 --0.03 --0,03 -0,07 -0,64

1960 0,Ii 0,64 0,02 0,04 0 05 0,3I 0,01 0.40 0,19 0.23 0.39 -0.09 0,26 0,07

1961 0,04 0,03 -0.04 -0,03 0,00 0,01 0,18 0,05 -0,07 0.04 -0,03 0,18 --0,03 -0,03

1962 -0.05 -0,09 -0,09 0,05 -0,05 0.11 -0,22 -0,12 0,11 -0.03 0,28 0,21 0.10 0,27

1963 0,02 --0.02 0,00 0,15 0,04 -0,16 -0,16 0.00 -0,05 -0,09 --0,26 0.15 0,03 0.15

1964 -0,34 -0,16 -0,16 -0,24 -0,23 0,19 0,14 -0,27 _-0,50 -0,11 0.42 0,19 -0.17 -0,60

1965 -0.29 -0.22 -0.19 -0.10 -0,20 -0.94 -0.44 -0.52 -0,16 -0,52 -0.98 -0,68 -0,39 0,09

1966 -0.18 -0,01 0,03 -0,07 -0,06 0.16 ,0.12 0,16 -0,12 0,08 0.54 0,40 0.23 -0,01

1967 -0,10 .--0,06 '-0,10 -0,25 -0,13 -0,12 -0,26 -49,01 -0,15 -0,14 -0,21 -0,21 0,06 -0,06

1968 -0,08 -0.43 -0,17 -0,04 -0.18 -0,29 -0,43 -0.21 -0,15 -0,27 -0,39 -0,88 --0,28 -0,34

1969 0,23 0,35 0,15 0,18 0,23 0,11 0,46 0,35 0,20 0,28 -0,64 0,76 --0,07 0,11

1970 0.32 0.06 0,03 -0.20 0,05 0.34 0,44 0,37 0,26 0.35 0,23 0.73 0.57 0,54

1971 -0,14 -0,12 -0,26 -0,33 -0,21 -0,22 -0,63 -0,55 -0,61 -0.50 0,14 -0,66 -12,70 -0,77
1972 -0.14 -0.26 0,22 0.16 -0.01 -0.54 -0,16 0.21 0,38 -0,03 -0.46 -0.56 0,07 0,28

1973 0.51 0,53 0,32 0,24 0,40 0,88 0,66 0,27 0,25 0,.52 1,03 0,61 0,45 0.21

1974 -0,09 --0,08 0,01 0,03 -0,03 --0,16 -0,18 -0,17 -0,03 .-0,14 --43,33 -0,30 -0,13 -0,12

1975 -0,05 0,14 -0.01 -0,09 0.00 0,06 0,01 -0,23 --0,10 -0.07 -0.20 0,05 --0.08 0,09

1976 -0.27 -0,16 -0,13 0,12 -0.11 -0,33 -0,38 -0.37 -0,11 -0.30 -0.36 -0,37 -0.26 0,05

1977 0,08 0,41 0.34 0,40 0.31 0,38 0,27 0,35 0,38 0,35 0,08 0,01 --0,09 -0,05

1978 0.29 0,08 0.24 0.35 0,24 0,27 0;37 0,18 0,05 0.22 0.10 -0,11 -0,31 -0,33

1979 0,16 0,37 0.27 0,36 0.29 0,06 0,24 0.31 0,26 0.22 --0,05 0,11 --0,31 --0,47

1.980 0.53 0,81 0.35 0,44 0,53 0,34 0.49 0.56 0,37 0,44 --0.48 -0.19 0.04 -0.12

1981 0.23 0,47 0,17 0,32 0,30 0.30 0.19 0,14 0,25 0,22 -0,55 -0,64 -0,61 -0,54

1982 0,40 0.40 0.51 0.39 0,43 0,33 -0,02 0.33 0.07 0.18 -0,39 -0.60 -0.27 -42,53

1983 0,21 0.40 0.59 0.52 0.43 0.58 0.85 0.42 -0.01 0.46 0.27 0.37 0.15 -0,38

1984 0,28 0,39 0,20 0,44 0.33 0,14 0,35 -0;04 0.02 0,12 -1.64 -0.88 -0.87 -1,08

1985 0,05 0,12 0.28 0,27 0.18 0,20 0,14 -0.12 0,02 0,06 -1,00 -0,82 -1,03 -0,97

1986 -0.09 0.36 0.39 0,38 0.26 0,35 0,11 0,03 0,20 0.17 -0,84 -0,63 --0.55 -0,38

1987 0,68 1,15 0.96 0.88 0,92 0.60 0,47 0,64 0.75 0,62 0,07 --0,23 0,30 0,52

1988 0.60 0.48 0,27 0.44 0,45 0,91 0.71 0.83 0,31 0,69 0,11 0,20 0,45 -0,22

1989 0,03 0.14 0,21 0.19 0.14 -0,04 -0.03 0,13 0,27 0.08 -0,82 -0.87 -0.37 -0,12

1990 0.31 0,49 0,02 0,6.5 -0, 06 0,03

.._..._._........_..._........._.._._...._.._.........._.._...................................._............

"Temperature anomalies (in relation to a 1958.-1977 average) expressed in degrees CeL,,Jus.

"l'Northern Hemisphere winter (Dec-Feb),

Note: Data for summer (Jun-Aug) 1989 through spring (Mar-May) 1990 are provisional,
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Temperature Anomalies

Annual and Seasonal TemperatureAnomalies*

Surface-100 mb 100-50 mb 100-30 mb

Ann Win Spr Fall Sum Ann Win Spr Sum Fall Ann Win Spr Sum Fall Ann

•..0:04 0,41 -0.22 0,13 0,20 0.13 0,60 0,60 -0,47 0.13 0,22 0,71 1,50 -0,19 0,33 0.59

-0_04 0.18 0;15 0,11 0.17 0A5 =0.93 -1.52 -1.34 0.43 -0.84 0.12 -0.73 -0.11 0.33 -0.10

0,16 0.29 0,00 0,30 0,14 0,18 -0.10 -0,78 -0.93 --0,51 -0,58 -0,31 -0,72 -2.54 ,-2,0l -1,40

0,02 0.00 0.20 -0,04 -0,05 0,03 -2,81 -1,47 1,11 2,31 -0,22 -2.99 -2,99 0,49 -0,05 -1,39

0,22 0,12 -0,10 -0,09 0,10 0,01 061 -0,40 -0,85 --1.16 -0,45 0,23 -0.83 -2,02 -1,48 -1,03

0,02 -0,15 -0.07 0,00 0,02 -0,05 -0,70 -0,61 0,76 0,94 0,10 -2,16 -1,31 1.27 2,51 0,08

-0,04 0,17 0,11 -0,23 -0,46 -0.10 1,24 1.67 1.49 0,81 1,30 O.;2 1,27 1,54 0,44 0,99

-0,49 -0.84 -0,49 -0.43 .-0.09 -0,46 1,24 0,46 0.57 0,73 0.75 0,80 0.33 0,14 0,67 0.49

0,29 0,1.6 0,16 0,14 -0.09 0,09 -0,69 -4],67 -0,54 0,79 -0,28 -1.06 --0,54 0,22 1.03 -0,09

-0,11 -0,15 -0,21 -0,01 -0,14 -0,13 0,86 1,03 0,26 -0,43 0,43 0,96 1,14 0,22 -0,25 0,52

-0.47 -0,18 -0,53 -0,22 -0,17 -0,28 -0,48 0,93 -0,10 -0,18 0,04 -0,57 0,63 -0,10 -0,23 -0,07

0,19 0,12 0.35 0,21 0.18 0,22 -0.51 -0,51 -0,32 0,48 -0,22 -0,94 -0,66 -0.35 0,82 -4).28

0,52 0.31 0,44 0,36 0,27 0.35 -0.36 -0.22 0,60 0,27 0,07 -0,80 -0,17 0,67 0.74 0,11

-0,50 -0,14 -0,55 -0.54 -0,60 -0,46 0.41 -0,14 -0,08 0,31 0,13 0.89 0,34 0.02 -0,45 0,20

-0A7 -0.52 -0,27 0.18 0,32 -0.07 0.75 0,05 -0,67 -1.02 -0,22 0.68 0,06 -1.24 -0.96 -0,37
0,58 0,81 0,63 0,32 0,24 0.50 -1,00 -0,52 0,04 -0,03 -0,38 -1.40 -4),72 -0,16 -0,22 -0.63

-0,22 -0,19 -0,23 -0,13 -0,04' -0.15 0,74 -0,14' -0.36 --0,72 -0,12 0,64 -0,49 -0,49 -1,31 -0,41

-0,04 -0,12 0,07 -0,16 -0.05 -0,0'7 -0.45 -0,02 0,06 0,39 -0,01 -0,44 0,09 -0,44 0,09 -0.18

-0,24 -0.32 -0,35 -0,30 -0.04 -0.25 1,73 0,62 0.50 0,30 0.79 1,36 0,07 0,52 -0,74 0..30

_4).01 0.26 0.23 0.24 0.29 0.26 -1.74 -0,12 -0.18 -0.48 -0.64 -2,66 -0.56 .--0.88 -0.30 -1.10

-0,16 0,22 0,23 0.09 0,01 0.14-0,58 -0,13 0.40 -0,20 -0.13 -1,20 -0,73 -0.19 -0,76 -0.72

-0,18 0,04 0.23 0,29 0.17 0,18 -0,11 0,07 -0,37 -0,93 -0,34 -0,72 -0,04 -0.23 .-1,30 -0.57

-0.19 0.25 0.50 0.40 0,30 0,36 -.0,29 -1.40 -0.47 0,4,5 -0,43 -0,36 -2,08 -0,32 0,19 -0,64

-0,59 0,05 0,04 0,02 0,10 0,05 0,23 -0.35 -0.33 0,03 -0,11 0,42 -4),56 -0,32 -0,40 -0,22

-0,45 0.1,5 --0,07 0.22 -0.01 0,07 --0.51 -0,04 0,52 1.33 0,33 -1.40 -0,57 0,67 1,16 -0.04

0.10 0,47 0.69 0.40 0,06 0.41 1,23 0,02 0.07 0,75 0,52 0,58 -0,44 -0,36 0_34 0.03

--0.97 -0.11 0,08 -0,18 -0,13 -0.09 0,31 -1,13 -0,95 -0,96 -0,68 .--0,49 -1,03 -0,81 -0.87 -0.80

-0.96 --0,08 -0.08 -0,28 -0,16 -0,15 -1.76 -1,28 -0,73 -0,18 -0,_) .-1,25 -1,04 -0.58 -0,53 --0._,5

-43,60 0,01 -0,03 -0,02 0,13 0,02 -1,46 -1.41 -2,01 -2,17 -1,76 -1,23 .-1,.30 -1.51 -1,66 -1,43

0,17 0,53 0,44 0.56 0.74 0,57 -1.85 -1,72 -1,54 -0,80 -1,48 -1.53 -1,43 -1.21 -0,81 -1,25

0,14 0.69 0.58 0.64 0,21 0.53 -1,39 -2,39 -1.52 -2,46 -1.94 -1,31 -1,72 -1.20 -1,82 -1.51

-0.55 -0.13 -0,20 0.03 0,17 -0.03 -1,07 -1.48 -0.85 -1.08 -1.12 -0,94 --1,19 -0,84 -1.05 -1.01

0.05 0.49 -0,87 -0,95 -1.26 -1,03
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Surface 850-300 mb 300-100 mb

Year Wint Spr Sum Fall Ann Win Spr Sum Fall Ann Win Spr Sum Fall Ann

1958 0,63 -0,06 -.-0,04 0,29 0,21 0.53 0,42 0,18 0.34 0,37 0.16 -0,15 0,27 0,74 0,26

1959 0.36 0,12 0_18 0.00 0,16 0.42 0,67 0.31 0,38 0,45 0,25 0,61 0,33 0,24 0.36

1960 0,05 -0.30 0,14 --0,32 -'-0,11 0.13 -0,08 0,38 0,05 0,12 1,05 0,09 0,22 0,27 0,41

1961 0,61 0,13 0,07 0,16 0,24 0,50 0,15 -0,04 0,26 0,22 0,31 0,72 0.52 0,06 0,40

1962 0,42 0,18 -0,05 -0,04 0,12 0,20 0,09 -0,03 0,05 0,08 -0,42 -0,20 -0,16 0,20 --0,15

1963 0,18 -0,03 -0,01 0.50 0,16 0.11 -0,12 -0,02 0.20 0,04 -0,25 0,09 0,27 0,28 0,09

1964 -0,20 -..0.5'1 -0.16 -0.35 .:-0,31 0,10 0,08 -0.12 -0.37 -0,08 i-0,19 0,47 -0,03 -0.06 0,05

1965 .--0.41 4).21 -0,20 -0.13 -0,24 -0.41 -0,39 -0.53 -0.10 -0.36 -0,40 -0,54 -0.28 0,07 -0.29

1966 -057 -0,07 -0,07 -0,16 -0,22 -0,15 0,09 0,20 0.21 0,09 0,73 0,14 (1,62 0,10 0,40

1967 -0.32 0,31 0,07 0,19 0,06 -0,17 -0,02 0,12 0,21 0.04 -0,29 -0,53 -0,22 -0,42 -0,37

1968 -0,26 0,30 -0,13 -0.19 -0,07 0.04 -0,17 -0,37 -0,30 -0,20 -0,03 -1,49 -0,50 -0.43 --0,61

1969 -0,71 -0.19 0,11 0.22 -0.14 -0.33 0,01 0,24 0,15 0,02 0,21 0.40 -0,06 -0.21 0,09

1970 047 0.06 -0,06 -0.11 0.09 0.16 0,01 0.19 0,13 0,12 0.35 0.24 0.33 0A5 0,27

1971 -0,42 -0.12 -0.12 0,04 -0.16 -0,38 -0.56 -0.38 -0,47 -0,45 -0,09 -0,28 -0,46 -0.60 -0.36

1972 -0,40 -0.28 ,0.07 -0.19 -0,20 -0.67 -0,24 0.00 -0,15 -0.27 -0,85 -0.56 --0,23 0.08 -0,39

1973 0,45 0.22 0.30 0,01 0,25 0.47 0,1i 0.15 -0,11 0,16 0,67 0,67 0,15 -0.10 0,35

1974 0,13 -0,07 -0,26 -0.03 -0,06 -0,22 -0,22 -0,29 -0,43 -0,29 -0,75 -0,(F) -0,34 -0.04 -0,31

1975 0,23 0.42 0,07 -0,08 0,16 -0,31 0.10 -4).03 -0.12 -0,09 -0,28 0.!5 -0,30 -0.07 -0,13

1976 0,03 -0,28 -0.10 -0.26 -0,15 -0.37 -0.62 -0,39 -0.32 -0,43 -0.84 --0.71 -0,64 -0,40 -0,65
1977 -0,26 0.27 0,20 0.26 0,i2 -0,01 0,1'7 0.11 0,16 0,11 0,55 0,38 -0,14 -0.26 0,13

1978 0,27 -0.09 0,16' 0,28 0,16 -0.14 0,17 0.06 -0,15 -0,02 0,05 -0.17 -0.25 -0.58 -0.24

1979 -0,10 0,30 0,05 0,22 0,12 -0,29 0.30 0,19 0,24 0.11 -0,29 0,04 .-0,_ -0.33 .--0,24

1980 0.71 0,41 0,00 0.11 0,31 0.21 0,08 0,34 0,01 0,16 -4).82 0,44 0,28 -0.04 -0,04

1981 0.86 0.74 0.28 0.44 0,58 0,27 0.40 0,12 0.21 0.25 -0.88 -0,83 -0.33 -0.37 -0,60

1982 0.44 -0.02 0.19 0.01 0.16 -0.03 -0,21 0.16 -0.13 -0.05 -0.12 -0.33 -0.13 -0.66 --0.31

1983 1.00 0,34 0.40 0.37 0.53 0,35 0,65 0,41 0.13 0,39 -0,69 -0,16 -0,04 -0.47 -0.34

1984 0,58 0.25 0.05 0,II 0.25 0,04 0,02 -0,02 --0.18 -0.04 -1,16 --0,28 -0.43 -0.62 -(},62

1985 -0,37 -0,13 -0,08 -0.26 -0,21 -0,07 -.--0,27 -0,35 -0,31 -0,25 0.28 0,19 -0,55 -0,44 -0,13

1986 0,11 0,27 0,01 0,11 0,13 0.16 0,10 0,01 0,10 0,09 -0.54 --0.54 -0,55 -0.47 -0,53

1987 0,35 0,20 0.52 0.14 0,30 0,20 0,21 0,44 0,18 0,26 0,.'38 -0,38 0,04 0.53 0,14

1988 0.57 0,6(i 0,30 0.11 0,41 0,39 0.34 0,88 0.32 0,48 --0,._ --.0,17 0,03 ..-0,39 -.41,22

1989 0.91 0.53 0,39 0,15 0.50 0,02 0,23 0,28 0,26 0,20 -0.82 --.0,32 -0,61 -0.32 --.0.52

1_)0 0.81 1.42 0,17 0,73 -0,44 -0.88

.......,,.,..:........ ,.:.. :..,,,.,. ,.::..:, ,:,,...,..,,,,,...,.,,,.::, ,.,.,..,,..,,,...,..,......,.

*Temperature anomalies (in relation to a 1958-,1977 average) expressed in degrees Celsius,
#Northern llemisphere winter (1)ec-Feb),

Note: Data for summer (Jun-Aug) 1989 through spring (Mar-May) 19_) are provisional,
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Temperature Anomalies

Annual and Seasonal Temperature Anomalies*

Surface-I tri) mb 1 lH)-..50mb 100-_J mb

Win" Spr Fall Sum Ann Win Spr Sum Fall Ann Win Spr Sum Fall Ann

0,46 0,08 0,15 0,39 0,27 1,32 0,41 0,21 1,38 0,83 0,90 0,44 0,53 1,69 0,89

1:0.38 0,58 0,29 0,32 0,39 -0,32 1,25 0,20 0,07 0,30 -0,15 1,49 0,61 0,36 0,58

_0,33 -0,08 0,30 0.04 0,15' 1,30 0,80 0,09 0,43 0,6_ 139 0,00 -0,57 0,04 0,27
0,47 0,30 0,08 0,20 0,26 -1,22 -43,16 0,82 0,92 0,09 11,02 -0,73 0,69 0,30 -0,19

0,10 0.04 --0,07 0.06 0,03 -0,36 -0,90 -0,85 .0,35 -0,62 -0,41 -1,20 -1,36 -0,46 :-0.86

0,04 -0,06 0.04 0,27 0,07 -0,63 -0,59 0,98 0,62 0,10 -0,37 -1,39 1,02 1,13 0,10

'0,00 0,08 -0,11 -0,29 -0,08 -0,12 1.20 0,74 0,06 0,47 0,01 1,60 0,61 0,13 0,59

-0,40-0,41 --0,42 -0,06 -0,32 -0,05 -0.16 0,19 0.22' 0.05 -0,44 0,60 0,04 -0,07 0,03

-0,04 0,08 0.24 0.13 0,10 0,38 -0,76 -0,03 0,63 0,06 -0,43 -0,59 0,27 0,87 0,03
-0,21 -0,38 0,04 0,07 -0,12 0,01 --0,31 -0,46 --0.69 -.-0,_ --0,18 0,40 -0,11 .--0,70 -0,15

-0,03 -0,39 -0,36 --0,31 -0,27 -0,45 -0,44 -4),07 --O,ZS -0,30 -1,37 --0,31 --0,08 -0,31 -0,52

-0,25 -0,12 0,17 0.10 -0,03 -0,50 -0.35 --0,28 0,64 -0.12 -1,37 -0,54 -0,10 0,03 -0,50

0,30 0,08 0.22 0,13 0,18 0,24 -0,07 0,27 0,31 0,19 -0,02 -0,07 0,38 0,23 0,13

-0,40 -0.51 -0,43 -0,49 -0,46 0,39 -0.52 0,14 0,12 0,03 0,02 -0,35 0,19 -0,41 -0,14

-0,80 -0,39 -0,04 -0,13 -0,M 0,04 0.19 -0.57 -0,._ -0,22 0,47 0,.36 -0,93 -0,45 -0t4

0,60 0,31 0,21 -0,10 0,26 0,05 -0,73 -0,22 -0,15 -0,26 -0,03 -1,23 -0,35 -0,48 -0,52

-0,34 -0,22 -0,25 -0.33 -0,29 -0.10 0,45 -0,38 -0.34 -0,09 0,55 0,34 -0,55 -0.28 0,02

-0,25 0,19 -0,08 --0.16 -0,08 -0,16 0,28 -0,06 -0,25 -0,05 -,0,23 -0,19 0,04 0,14 -0,06

--0.49 -0,70 -0.57 -0,32 -052 0.22 0.76 0,19 O,14 0,33 0,82 0,45 0,02 -0.37 0,23

0,07 0,23 0,07 0,09 0,12 -0,31 0;35 0,35 0,03 0,11 -1,34 ---0,07 -0,48 -0,20 -0.52
•-0,05 0,11 0,01 -0.17 -0,03 --.0,49 -0.53 -0,31 -0,52 -0,46 .-1,05 -0.90 -0.52 --0,52 -0,75

-0,24 0.22 0,17 0,16 0,08 0,48 0,31 -0,M -0,33 0,03 0,15 0,03 -0.29 -0,77 -0,22

0,08 0,24 O,15 0,04 0,15 -0,12 --0.01 -0,06 0,63 0,11 -0,37 -0,63 0,28 0,42 -0,08

0,10 0,17 0,08 0,12 0,12 0,30 -0,41 -0,37 0,03 -0,11 0,48 -0,64 -0,51 --0,14 -0,20

-0,01 '-0,17 0.10 -0.22 -0,08 0,3,5 0.31 0,57 0,52 0,44 0,06 0,16 0,72 0.59 0,38

0,28 0,43 0,29 0,09 0,27 0,00 0,21 -0,29 0,16 0,03 -0,45 -0118 -0.72 -0.12 -0,37

-0,14 -0.01 -.0.09 -0,20 -0,11 -0,12 -0,15 -1,00 -.0.49 -0,44 -49,19 -0,25 -0,70 -0,37 -0,38

-0,04 -0,14 -0,.34 -0,33 -0.21 -0,42 -0,83 -0,47 0,05 --0,42 -0,33 -0,69 -0,37 -0,19 .--0.40

-0,01 -0,02 --0,11 0,(30 -0,04 -41,47 -0,28 -l,f_) - 1,08 -0,73 -0,33 -0,37 -0,85 -0,78 -0,58

0,29 0,08 0.35 0,25 0,24 --0,40 - 1.30 -0,77 -0,14 -0,65 -43,32 -0,98 -0,75 -0,10 -0,54

0,26 O,.'g.I 0,58 0.12 0.32 -1,48 -0,65 -0.86 -1.20 -1,05 -0,94 --0.45 -0,69 --0,8_ -0,74

0.01 0,15 0.11 0.11 0,10 -0,30 -0,60 -0,76 -0,77 -0,61 -0,07 .43,52 -0,72 -43.58 -0,47

OA4 0,49 -1.26 -1,22 -0,89 -1,04
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Southern Hemisphere (o°-9o°s)

Surface flS!/-34gl mb 304)-I rg) mb

Year Win_ Spr Sum Fall Ann Win Spr Sum Fall Ann Win Spr Sum Fall

1958 0,76 ,0,58 -0,04 0,38 0,42 0,25 0,00 0,37 0,30 0123 0,05 -0,37 --0,05 -0,68
1959 0,45 0,44 O.M 0,11 0,34 0,08 0,20 0,41 0,20 0,22 --0,35 0,33 0,04 -0,69

1960 0,16 0,20 -0,09 0,18 0.11 0,43 0100 0,16 0,22 0,20 -0,14 0,21 0,49 0,03

1961 0,13 0,36 0,13 0,50 0,28 0,08 0,29 0,07 0,29 0,16 0,00 0,46 -0,13 -41,70

1962 0,24 0,05 0,02 0;19 0,13 0,08 -0,10 0,01 0,09 0,02 -0,44 -0,(_ -0,06 0,(_)
1963 0,04 -0,17 0,05 0,13 0,01 0,02 -0,15 -0,20 -0,26 -0,15 -0,16 0,33 0,49 0,51

1964 .-.0,21 -0,42 0 03 -0,11 .--0,18 -0,24 -0,28 -0,37 -0,53 -0,36 0,38 0,15 0,1Y) 0,44

1965 -0,01 -0,21 -0,_5 -0,04 -0,10 -0.76 -0,54 -0,26 0,01 -0,39 -0,.30 -0,37 -0,42 _0,38

1966 0,24 0,20 -0,02 0,02 0,11 0,08 0,05 -0,10 -0,22 -0,05 0,11 0,26 0,17 --0,03

1967 0_6 -0.14 0,03 0,00 0,01 -0,{F,_ -0,05 0,01 0,03 -0,03 0,03 -0,14 -0,06 0,14

1968 0,05 0,02 -0,31 -0,28 -0,13 -0,07 0,03 -0,28 -0,31 --0,16 0,04 -41,67 -0,22 0,75

1969 -0,18 -41,04 ---0,34 0,01 -0,14 0,02 0.28 0,41 020 0,23 0,63 0,77 0,07 -0,43

1970 -0,07 -0,25 -023 -0,19 -0,19 0,06 0,26 0,16 0,14 0,16 -015 0,33 0,38 015

1971 --0,15 -0,29 -0,23 -0,46 -0,29 0,04 -0,31 -0,39 -0,41 -0,27 0.05 -0,01 -0,24 -0,46

1972 .-0,37 -0,32 0,22 -0,28 -0,19 -0.31 -0,01 0.36 0,48 0,13 -0,10 -0,31 -0,23 0,12

1973 -0,04 0.M 0,05 0.15 0,13 0,66 0,71 0..34 0,19 0,48 0,24 0,12 0,08 0,07

1974 -4),40 0,15 0,22 0,060,01 0.24 -0,01 0.07 -0,03 0,07 -0,14 -0,45 -0,Z5 -0,12

1975 -0.07 0,20 0,05 -0,_ -0,02 0,24 -0,(_) -0,29 -0,09 -0,06 0,04 0,04 -0,1C) .-0,26

1976 -0,47 -0,56 -0,15 --0,15 -0,33 0,08 -0,11 -0,15 -0,44 .-0,16 -0,25 -0,60 -0,43 -0,10

1977 0,04 0,40 0.42 -0,08 0,20 0,27 0,67 0,45 0,20 0,40 -0,11 -0,15 0,119 0,05

1978 -0,06 '0,21 0,06 0,01 0,06 0.08 0,42 0,36 0,21 0,27 0,27 0,12 -0,29 0,10

1979 O,(gi 0,31 '0,20 0,33 0,23 0.39 0,75 0.41 0,32 0.47 0.31 0,04 -4/,28 0,2t

1980 0,3(, 0,71 0,58 0,19 0,46 0,54 0.70 0.69 0,42 059 -0,01 0,12 0,16 -0,22

1981 0.02 0,39 0.51 0,11 0,26 0,61 0,40 0,47 0,32 0,45 -0.35 -0,53 --0,41 -0,24

1982 0.22 0,22 0,26 0,31 0,2_5 0.69 0.11 0.43 0,23 0,37 -0,23 -0,37 -41,04 -0,07

1983 0.15 0.67 0.25 0,28 0,34 0,47 1,10 0,63 0,31 0,63 -0,09 0,52 -0,06 -0,20

1984 0,13 0,73 0,05 0,43 0,34 0,23 0,50 0,05 0,22 0,25 -0,99 .-0,92 -0,28 -0,60

1985 0.16 0.30 0,(h6 -0,12 0,2_':; 0,37 0,44 0.39 0,16 0.34 -1,02 -0,59 -0.81 -1,41

1986 -0,16 0,45 0.27 0,07 0,16 0.51 0,18 0,24 0,15 0,27 -1,41 -0,52 -0,23 -0,40

1987 0,25 (I,95 0.85 0,37 0.61 0,72 0.67 0,77 0.52 0,67 -0,57 -0,35 0.16 -0,30

1988 0,18 0,37 0,23 0,54 0,33 0,64 0,69 0,58 0,40 0,58 .--0,26 -0,12 0,35 0,66

1_9 -0,18 O.(k3 0,02 0,04 -0,03 0,28 O.12 0,32 0,35 0,27 -0,75 -0.(_5 -0.39 -0,89

19_X) 0.13 0,35 0.33 0.46 -.0,49 0.10

'Temperature anomalies (in relation to a 1958-1917 average) expressed in degrees Celsius,

"l'Northern l iemlsphere winter (Dec-Feb),

Note: Data for summer (.lun-Aug) 1989 through spring (Mar-May) 1_,_)are provisional,

TRENDS '90



Temperature Anomalies

Annual and Seasonal Temperature Anomalies*

Surface--I (N) mb 1(NI-5() mb 100-30 mb

,Ann Win Spr Fall Sum Ann Win Spr Sum Fall Ann Win Spr Sum Fall Ann

--0,2 6 0,31 -0,11 0,20 0,06 0,12
-0.17 0,07 0,28 0,32 0,01 0.17

0,15 0,24 0,09 0,18 0,17 0,17

-OAF) 0,07 0,29 0,01 0,11 0,12

-0,14 -0,01 -0,19 0,01 0,20 0,00

0,29 -0_15 -0,15 -0,01 -0,03 '-0.09

0,27 0.00 -0,21 -0,20, -0,24 -4),16' 1,11 1_00 0,47 1,36 0,99 0,50 0,68 0,99 0,80 0,74

-0,37 -0,54 -0,46 -0,27 -0,12 -0,35 0,77 0,71 0,42 1,36 0,82 0.42 0,14 0,34 1,38 0,57

0,13 0,10 0112 -0,02 -0,14 0,02 -0,64 -0,57 -0,45 -0,06 -0,43 -0,84 -0,24 -0,16 1,15 -0,02

-0,01 -0,04 -0109 0,00 0,04 -0,02 0,56 0,48 0,42 0,27 0,43 0,54 0,57 0,04 0,36 0 38

-0,02 0,07 -41,14 -0,26 -0,07 -0,10 -0,50 0,19 -0,14 0,00 -0,11 -0,24 0,38 0,08 -0,07 0,04

0,26 0,19 0,33 0,21 0,03 0,19 0,26 -0,05 -0,44 -0,27 -0,13 -0,07 0,09 0,25 0,34 0,15

0,17 -0,09 0,19 0,17 0,12 0,10 -0,13 -0,02 0,72 -0,50 0,02 -0,14 0,25 0,75 0,71 0,39

-0,17 0,01 -0,26 -0,33 --0,42 -0,25 0,47 0,05 -0,58 -0,14 -0,05 0,71 -0,30 -0,82 -0.58 -0,25

-0,19 _-0,33 -0,28 0.19 0,19 -0,06 0,04 -0,23 0,14 -0.32 -0,09 0,36 0,21 -0,13 -0,19 0,06
0,13 0A9 0,53 0,30 0,18 0,38 -0,33 0,14 -0.50 -0,41 --0,28 -0,20 -0,23 -0,7) -0.39 -0,40

-0,24 0,00 -0,06 0,01 -0,02 -0,02 -0,22 -0,3,1 -0,36 -0,44 -0,34 -0,_ -0,41 -0,32 --0,86 -0,49

-0,07 0,05 0,02 -0,17 -0,11 -0.05 -0,15 -0,19 0,36 -0,81 -0,20 -0,35 -0,25 -0,43 -0,90 -0,48

-0,35 -0,10 --0,29 -0,39 -0,32 -0,28 0,14 -0,02 -0,30 0,61 0.11 -0,31-0,05 0.39 0,03 0,02

-0,0 0,14 0,4'3 0,37 0,12 0,27 -1,21 -0,37 -0,41 0,,19 -0,38 -1,52 -0,59 -0,62 0,19 -0,64

0,0 0,10 0,31 0,14 0,15 0,18 -0,12 0,65 0..34 -1,01 -0,04 -0,53 --0,02 0,04 --0,69 -0.30

0,07 0,29 0,52 0,22 0,31 0,34 -0,04 0,18 -0,15 -0,73 -0,19 -0,51 0,36 -0,29 -0,84 -0,32

0,01 0,47 0,67 0,57 0,27 0.50 -0,06 -0,56 -0.43 --0,65 --0,43 0,12 -1,03 -1,00 -0,32 -0,56

-0,38 0,29 0,17 0.31 0,16 0,23 -0,OI 0,12 -0,84 0,09 -0,16 O,(F) --0,06 -0.46 -0,09 -0.13

-0,18 0,39 0,02 0,32 0,17 0,23 -0,16 0,02 -0,40 0,48 -0,02 -0,71 ---0,28 -0,77 0,11 -0,41

0,04 0,30 0,93 0,43 0.22 , 0,47 1,22 0,03 -0,29 0,18 0,29 0,82 -0,08 -0,11 0,14 0,19

-0,70 -0,06 0,22 -0,03 0,07 0,05 0,33 -0,76 -0, i7 -0,91 -0,38 -0,42 -0,62 .-0,29 -0,98 -0.58

-0,96 0,07 0,19 0,14 --0,24 0,04 -1,54 -1,24 -2,23 -1,97 -1,75 -1,23 -0,92 -1,85 -1,711 -.1,43

-0,64 --0,03 0,07 0,17 0,02 0,06 -1,59 -1,20 -4),94 -1,92 -1,41 -1,27 --0,86 -0,71 -1,37 -1,05

-0,27 0,_ 0,48 0,59 0,34 0,44 --1.40 -1,28 -1.58 -2192 -1,80 -1,15 -0,85 -1,77 -2.97 -1,69

0,16 0,36 0,46 0,46 0,48 0,44 -1,42 -2,18 -1,48 -1,43 -1,63 -1,36 -1,53 -1,24 -0,84 -1,24

--0,67 --0,03 -0,07 O,lY) 0,02 0,00 -1,44 -1,56 -1,24 -2,05 -1,57 -1,22 -1,12 -1,11 -1,98 -1,36

0,12 0.36 -1,79 -1,14 -1,15 .-0,89
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BACKGROUND

Principal investigators _',
Thomas R, Karl o
Ronald G, Baldwin

National Oceanic and Atmospheric _ .[

Administration 12
National ClimaticData C_nter CD

Asheville, North Carolina 28801, U,S,A, -.1.I

National Oceanic and "1'1 [
Atmospheric Administration

U,S, Department of Energy _
Carbon Dioxide Research Program _ -

Period of record- 1901-1987.

Method-After comparing each station's "10-
data in the 1219-staiion Historical .... _: , i -r ' _ , _

Climatology Network (HCN) (Karl et al. 1900 1930 1960 1990

1.990)to data from its twenty nearest Annual calendar year averagetemperature,
neighbors, stations were selected based on
confidence, missing data, and consistency
criteria, All data were :.djustedfor time of
observation biases, station and instrument
changes, and urban heat island biases,
Twenty-three regions were formed by

1 subjectively considering the climate

Iicharacteristics across the country, the, terrain, the contlnentality, and the

I vegetation, As an additional constraint, each. region was required to have boundaries
i coinciding with NCDC's climate divisions,

For further details see Karl et al, (1988a).
iData awdlabUtty-These data are awdlable

from NCDC and CDIAC, The complete
,,HCN data set (Karl et al, 1990) is available 1
I from CDIAC,
t ,,,Z , ..................... Nathmal

21.0



U.S. National Temperatures

TRENDS
On the basis of regional seasonal

temperatures (i,e,, maximum, minimum,
average, and diurnal range) for the United
States, Karl et al, (1988a) concluded that the
climate has changed during the recent
century but that the changes for the most
part have not been monotonic, Instead, the
changes are somewhat unsteady and
sometimes occur over a relatively short
period of time, If thert_are any monotonic
trends in the data, it may be the decrease in
the dia rnal temperalure runge,

i

!
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li

/

National

Year Ann* Win Spr Sum lt'ali Ann_ Year Ann*
_901 11,46 0,55 10,59 22,92 12,36 i 1,61 1_5 11.46
1_2 11,33 -0,21 1!,39 21,75 12,46 11,35 1946 12,16

1903 10,79 -0,57 10,_I 21,23 11,70 10,82 1_7 11,55
1904 ll,03 -0,82 10,74 21,31 12,56 10,95 1948 11,44

1905 11,03 -1,37 11,39 21,97 12,25 11,06 1949 11,74

1906 11,44 0,88 10,27 21,77 12,15 11,27 1950 11,32
1907 11,31 1,51 10,43 21,32 12,07 11,33 1951 11,14

1908 1139 1,20 11,56 21,62 12,21 1l,(_q 1952 1i,78
lt_'_ 11,21 1,35 9,93 22,31 12,6[I 11,57 1953 12.33

1910 11,78 -1,60 12,74 22,10 12,75 11,50 1954 12,33

1911 11,65 1,02 11,53 22,35 il,&O 11,63 :_ 1955 11,43

1912 10,61 -I,(F) 10,02 21,40 11,96 10,57 iii 1956 11,78
1913 11,39 0,04 10,62 22,42 12,,11 11,37 ii 1957 11,65

11,55 0,83 11,17 22,51 12,91 11,85 ii 1958 '11.551914
1915 11,27 -0,39 10,47 20,98 12,88 10,98 1959 11,69

1916 11,01 0,_ 10,89 21,99 11.59 11,19 1960 11.26

1917 10,43 -1,07 9,10 21,85 11,79 10,42 1961 11,47

1918 11,55 -1,17 11,¢_, 22,66 12,06 11,_ 1962 11,49

1919 11,38 1,14 10,(,_9 22,51 12,00 11,66 1963 11,64
1920 11,05 -0,28 9,88 21,58 12,26 10,86 l_rl 11,39

1921 12,63 2,04 12,09 22,83 13,15 12,52 t965 11,41

1922 11,64 0,22 10,93 22,58 13,12 I1,71 19(_') 11,29

1923 11,41 0,88 10,14 22,(12 12,08 11,28 1967 11,,15

192,1 10,80 0,83 9,69 21,98 12,32 11,21 1968 11,2,1
1925 11,86 0,36 12,21 22,49 11,57 11,_'_ 1%9 11,28
1926 11,48 1,16 10,61 22,14 12,17 11.52 1970 11,38

1927 11,65 1,39 11,12 21,28 13,30 ll,77 1971 11,42
1928 11,51 0,27 10,97 ._1,70 12,28 11,31 1972 11,25

1929 10,97 -1,24 11,26 22,14 11,52 10,92 1973 11,75

1930 11,59 0,96 11,26 22,64 12,03 11,72 1974 11,72

1931 12,52 1,63 10,58 23,12 13,95 12,32 1975 11,29

1932 11,51 2,(h5 10A5 22,65 11,_)5 11,78 i! 1976 11,23
1933 12,24 0,33 10,91 23,14 13,M 11,93 1977 11,88

19.3,1 12,75 2,22 12,59 23,61 13,29 12,93 1978 11,02

1935 11,56 1,30 t0,70 22,6_ 11,99 11,65 1979 10,96

1936 11,69 -.1,78 11,87 23,72 12,22 11,51 1980 11,71

1937 1_,32 -0,26 10,66 22,98 12,30 11.,12 1981 12,12
1938 12,2.5 1,,13 11,78 22,6,t 12,8_ 12,18 1982 11,28

1939 12,29 0,96 11,74 22,68 13,15 12,13 1983 11.50

19,10 11,,19 0,,3,1 10,89 22,59 12,42 11,56 198,1 11,57
19,11 12,06 i,61 11,28 22.33 12,96 12,04 1985 11,21

1942 11,57 0,76 11,20 22,_ 12,58 11,73 1986 12,30

19,13 11,(15 1,08 10,78 22,87 11,98 11,68 i 1987 12,28
19,14 11,54 1,12 10,41 22,2 t 12,75 11,62

' Calonda r yea r mearl (Jail-Dec),

•tSeason y_r mean (Will ,_ i)ec-F_b¢ Spr = M_r-Mtly; Sum = ,It,ll-Aug; F_III = Sel)-Nov ),
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U.S. National Temperatures

Average Temperature (°C), 1901-1987 REFERENCES

Win Spr Sum VMI Ann, Karl, T,R,, G, Kukla, and J, Gavin, 1984,
0,53 11,30 21.69 12,60 11,53 Decreasing diurnal tcmperatur¢_range in
0,48 12,41 22,10 12,32 11,83 the United _Statcs,and Canada from 1941
1,21 10,46 22,21 12,98 11,72

,-4),12 11,01 22,31 12,52 11,43 through 1980, Jo_trnal of Climate and
.41,13 1IAI 22,62 12,92 11,71 Applied Meteorolog_ 2311489-i504,

1,40 10,o5 21,42 12,63 11,38 Karl, T,R,, O, Kukla, and J, Gavin, 1986,
0,_ 10,38 21,rX) 11,63 11,19 Rehttlonshtp between de,crtmst_d
1,21 10,52 22,98 12,07 1I,,70
2,28 10,88 22,71 13,42 12,32 to.mporaturt', range and precipitation
2,32 !0,,,_5 22,78 13,2,1 12,32 trends tn the United States and Canada,
0,16 11,41 22,39 12,17 11,53 1941-1980, Jom nal of Climate andAptdie, d
0,32 1o,88 22,,16 12.57 11,56 Meteorology 26:1878-86,

1,6,1 10,82 22,43 11,58 11,62 Karl, T,R,, C,N, Williams, Jr,, P,J, Young,
1,27 1o,62 22,23 12,98 11,77 and W,M. Wendhmd, 1986, A model to
0,21 11,32 22.81 11,71 11,51
0,49 Iri,10 22,,12 13,05 11,51 estimate the time of observation bias
0,71 1(1,65 22,,12 11,95 11,43 associated with monthly mean maximum,

-0,11 10,91 21,88 12,91 11,40 minimum, and mean tctnperatures l'orthe
.-0,,13 11,74 22,28 [4,05 11,91 United ' 'States, Jom'tlal of Climate and
-(I,57 10,83 22,(F9 12,25 11,15 Applied Meteoroloh, y 25:145-60,0,55 10,24 21,61 12,60 11,25
0,05 11,08 22,24 12,37 I IA,1 Karl,T,R,, R,C-,Baldwin, and M,G, Burgln,
0,93 11,()5 2 !,73 12,11 11,,15 1988a, Time seriesofregiotlal seasotlal
0,22 11,(F0 21,99 12,2,1 11,36 averages ofttltLt'lt_lllt?l, t_lttlit_lllt_l, tttld

-0,21 10,60 222,1 11,96 11,14 averagetemperatttre, atld dittrtlal

(i,32 10.50 22,60 12,f_) 11,36 temperatttre range across the United States:0,54 10,21 22,26 12,56 I1,39
' C_.hmatology0,81 11,51 21,!15 11,5,1 1 I,,15 1901-1984, Htstorical "'

-.o,o5 11,o2 22,4,1 12,ob_ 11,_',0 Series 4-5, National Climatic Data Center,
1,02 11,7'/ 22,07 12,01 11,72 Natiottal Oceanic & Atmospheric

0,8,1 9,82 22,(h") 12,35 11,27 Administration, National Environmental
1,72 11,15 21,82 10,84 11,_8 Satelltle, Data, and Information Service,

-4),83 12,29 22,79 12,76 1176
--1,29 10,t)l 22,,12 12,64 11,16 Asheville, North Carolina.
-2,,17 10,86 21,92 12,,18 10,(,0 Karl,T,R,, H,F, Diaz, anti G, Kukla, 1988b,

I,(_'_ 10,(,0 22,¢,'0 12,,1(, 11,75 Orbanizathm: its detection and effect in

1,77 11,81 22,(,5 12,_,0 tz,zo the United States climate record, Jotm_al

•-0,_ t0,,_(, 21,87 tx,(_', 11,16 of Climate 1'1(F._)-1123,2,11 10,{12 22,7_,_ 12/,_7 11,t,_I4
.4).,19 If),41 22,,17 12,1,1 11,14 Karl, T,R,, C',N, Wllllams, Jr,, and
-0,3,1 12,,18 22,14 11,8,1 11,53 F, I, Otltnlan, 1990, United States l-tistori_ral

0,76 12,,10 22,72 12.21 12,03 Climatology, (HCN) serial temperatttre and

1,_2 12,2,.1 22,66 12,58 12,27 precipitation data, NDP-019/RI, Carbon

Dioxide lnl'orrnation Analysis Center, ()ak

! Ridge National Laboratory, ()ak R.tdge,
;_ Tennesst_e,
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North Pacific Coast

] Principal investigators _"
[ 7ilomas R, Karl

National Climatic Data Center lD .. r ] . _ . j .1l.

Asheville, North Carollna28801, U.S,A, 10 [] i

Sponsoring agencies "_ j.,- .J ,1

U,S, Department of Commerce ::::1 [ [
National Oceanic and t-=

Atmospheric Administration ¢1:: 9-
U,S, Department of Energy

Carbon Dioxide Research Program

Period of record- 1.901-1987, '

Method- After comparing each station's 8
data in the 1219-statlon Historical ' , _ , i , _'

Climatology Network (HCN) (Karl ct til. '1900 1930 1960 199£
1990) to data from its twenty nearest Annual calendar year average temperature.
neighbors, stations were selected based on

confidence, missing data, and consistency
criteria, Ali data were adjusted for time of
observation biases, station and instrument

changes, and urban heat ishmd bmses. _ f_
Twenty, three regions were formed by ._v
subjectively considering the climate
characteristics across the cotml ry, the
terrain, the 'conttnentahty, and the
vegetation, As an additional constraint, each

region was required to have boundaries

coinciding with NCDC's climate divisions, ____-.._ (._ /_

For further details see Karl et al, C1988a).

l)ata avallabllity-These data are available

from NCDC and CD1AC, The complete
HCN data set (Karl ct al, i990) is available t
from CDIAC.

.,,,.,.......,,,,,......,.............,...............,,,.,,.,,,......................,,,,,.,,,,,,,.....................,,...........i North Pacillc Coast
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U.S. Regional Temperatures

TRENDS
On the,basis of regional seasonal

temperatures (i,e,, maximum, minimum,
average, and diurnal range) for the United
States, Karl et al. (1988a) cot_cluded that tho
climate has changed over the recent century
but that the changes for the most part have
not been monotonic. Instead, the changes
are somewhat unsteady and sometimes
occur over a relatively short period of time.

Karl et al, (1988a) also found a consid-
erable amount of detailed information for
each regional time series but reported that
their salient features often could be

summarized in time series plots for three
aggregated regions: West, Central, and East,
For the aggregated West region, which
includes this subregion, Karl et al. (1988a)
reported that, since the relatively cool

"T period during the beginning decades of the
990 century, annual mean temperatures have

remained relatively constant with the
exception of a number of multiyear climate
fluctuations.

TRENDS '90



North Pacific Coast
.q::::_21__::_._,:::_::::_'.:_ _::::::7_.::::::_ ::::"2:."_'2:..:_.:._._:::_i_'2::::::.1::f.:::::_YtP_:_._.:::_::_::::_::_:_2::::_._.::::::_2:::$::::::::_ _ :::::_.:::::::::__"/._.'_._$_:_ :_ __ _ _:::$:::::.:::_ $:::_.:::::::::_;:::::_:::::_:_.:$:::_::_ ::_:_:::::.::::_.::::___ _ ::::_f.:::::_Y_$$:::,::::_.:__ ::"_._.":""_":":_."::_::

Year Ann* Win Spr Sum Fall' Annt Year Ann*

19Ol 10.06: 5.67:8,79 .... 14.51 11,74 10,18 :1945 : 10,22 .
_1902 10.26:5,76 i 9,13 ' 15.36 10,88 1.0.28 1946_ 10,i3:

1903 10,02 5i18 I 8,33 15.40 10,95 , 9,96 1947 10,76
1904 10,42 5.17 9.12 15.12 12.19 10.40 1948 9.77

1905 10.49 5.89 10.46 15,49 10,41 10.56 1949 9,83

1906 10.69 6.07 9.77 15.87 10,99 10.67 1950 9.64

1907 10,05 4,49 9.13 15,05 11A7:.10,03:1 1951 : 9.95

1908 9,99 5,46 8.96 i 15,25 10,88 : 10.14: 1952 _ : 10,07
1909 9.40 3,90 8.54 14.76 10180 .... 9.50 '1953 10.80
1.910 9,97 3,47 10,09 14,52 10,73 9,70 1954 9,92
1911 9.36 4,41 8.38 14,92 10.11 9,46 1955 9,02

1912 10,21 5,75 9.20 15.40 10.41 ' 10.19 1956 9.94

1913 9.88 4.14: 8;72 15.80 1027 %86: 1957 10.37:
19i4 10.55 6,03 .... 10..53 15.17 llA8:10.73 1958 11.78:

1915 10.85 5,02 10.85 16.27 10,68 10.70 1959 1.0.37
1916 9.15 3.54 9.02 115.18 9.67 9.35 1960 10.19
1917 9.79 3,32 7.97 15,03 11.60 9.48 1961 10.67

1918 10.26 5.83 8.79 15.50 11,44 10.39 1962 10.27

1919 9.66 5,15 9.16 14.63 10.13 9,77 1963 10.70
1920 . 9.78 4.50 7,96 15,33 10.60 9.60 1964 9.79

1921 9.83 5.56 8,74 15.02 10.73 10,01 1965 10134

1922 9.34 3.25 7,99 15.37 10,85 9,36 1966 10.50

1923 10.44 3.88 9.32 16.14 11.84 10.29 1967 10.77
1924 10.08 6.07 9.44 15.00 10.67 10.29 1968 10.53

1925 10.81 5,32 9,92 15.61 10.89 10.44 li 1969 10,26
1926 11.37 6.88 11.38 16.22 li,71 11.55 1970 10.25

1927 10.21 5.46 8.69 16.06 11.31 10.38 1971 9.87
1928 10.70 5.19 10,40 15.81 10,84 10.56 1972 9,91
1929 9.81 3,18 8.80 15,74 11,21 9.73 1973 10.29

1930 9.95 4,12 9.67 15.43 10.61 9.96 1974 10.47

1931 10.75 6.52 10.59 15.77 10.40 10.82 1975 9.89

1932 10.12 4.49 9.71 15.22 11,62 10.26 1976 10.32

1933 9.(x5 3.41 8.49 15.01 10'.65 9.39 1977 10,41
1934 11.55 7.26 11,65 15.57 11,90 11.60 1978 10.74

1935 10.17 5.91 8.66 15.56 10.37 10.12 1979 10.87
1936 10.53 4.91 9,83 16.30 11..23 10.57 1980 10.74

1937 10.33 3.37 9.75 15.86 12,20 10.29 1981 11.22

1938 10.49 6.00 9.79__ 15.37 11.15 10.56 _::_ 1982 10.35

1939 10.81 523 9.88 15.52 11.80 10.61 1983 11.15
1940 11.41 7.25 11,10 16.10 11.63 11.52 1984 !0.61

1941 11.52 7.16 11.26 16.42 11.56 11.60 1985 9.72
1942 10.77 5.57 9,76 16.50 11,16 10.75 1986 11.13

1943 10.29 5.06 9.43 15.07 1i.85 10.35 1987 11.39
1944 10.57 5.57 9,34 15,40 12.10 10.60

"Calendar year mean (Jan-Dec).

•t'Season year mean (Win = Dec-Feb; Spr = Mar-May; Sum = Jun-Aug; Fall = Sep-Nov).

TRENDS '90



U.S. Regional Temperatures

Average Temperature (°C), 1901-1987 NC']_S .............................i

Win Spr Sum Fall Ann, i Karl, T.R., G. Kukla, and J. Gavin. 1984, ii

5.80 9,17 1528 10,48 10.18 i Decreasing diurnal temperature range in i5.55 9.60 15.57 9,94 10.16

4,92 10.89 15,82 11.07 10,67 !i the United States and Canada from 1941 ii
5.07 8.73 15.87 10.47 10,04 I through 1980, 3"oumal of Climate and
2.24 10.01 15,02 11.58 9.71 I Applied Meteorology,, 2371489.-1504, i:
2.47 8.43 15.69 10.75 9.34 ii Karl, T,R., G. Kukla, and J, Gavin. 1986, :

5,80 8.s5 15..54 11,03 10,30 ! Relationship between decreased

4,11 9.09 14,97 11.33 9,88 ternperaturerange and precipitation6.49 9.32 15.31 11.93 10,76
5.34 8.64 14.34 11.63 9.98 trends in the United States and Canada,

4.83 7.39 14,47 9,80 9.12 1941-1980. Journal of CTimate and Applied
4.12 9,56 15.47 10.39 9.88 Meteorology 26:1878--86,

3,71 10.18 15.52 11.56 10,24 Karl, T.R,, C,N. Williams, Jr., P.J. Yollng_

7.56 10,35 17.57 11,40 11,72 and W.M, Wendlana. 1986. A model to
6.11 9.61 15.72 10.76 10.55
5.12 9.35 15.44 10.85 10.19 estimate the time oi observation bias

6.43 9.63 16,75 10.01 10.71 associated with monthly mean maximum,

5;16 8.86 14.92 11.63 10.14 minimum, and mean temperatures for the
5.91 9.49 15.36 12,16 10,73 United States, Journal of Climate and

5.84 8.50 15.14 10,51 10.00 Applied Meteorology 25:145--60.4.60 9.17 1563 11.63 10.26
5.18 9.44 15.22 11.39 10.31 Karl, T.R., R,G. Baldwin, and M.G, Burgin.
6,39 8.52 16.64 12.21 10.94 1988a, Time series of regional seasonal
5.88 9.87 15.76 11.14 10,66 averages of maximum, minimum, and

2.95 9.93 15.92 11.11 9._ average temperature, and dittrnal

6.51 9.20 15A5 10.40 10.44 temperature range across the United States:4,87 8,78 15,63 10.52 9.95

3.96 9.56 15,94 10.22 9.92 1901-1984. Historical Climatology
4.70 9.66 15.06 10,58 10.00 Series 4-5. National Climatic Data Center,

5.59 9.13 15.48 11.79 10,50 National Oceanic & Atmospheric
5.32 8.50 15.11 10.95 9.97 Administration, National Environmental

5,57 8.84 15,02 11.58 10,25 Satellite, Data, and Information Service,,6.12 9.26 15,98 10.48 10.46
6.38 10.23 16.59 10.61 10.95 Asheville, North Carolina.
3.47 10,50 16.19 11.96 10.52 Karl, T,R,, H.F, Diaz, and G. Kukla. 1988b.
5.86 10.17 15.28 11.76 10.78 Urbanization: its detection and effect in

7.04 10.47 16.16 11,43 ll.29 the United States climate record. Journal

5.26 9.21 16.03 11.08 10,40 of Climate 1710_.)-1123.6.87 10,91 16.27 11.31 11.36
5.40 10.22 15.98 10.82 10.60 Karl, T.R.,, C.N. Williams, .lr., and
3,77 9,51 16,51 8.99 9,69 F.T. Quinlan. 1_)0, United States ttistorical

5.69 10.29 16,33 11,35 10.92 Climatology (HCN) serial te.mperature and

: 6.09 11.10 16,20 12.54 tl.48 precipitation data. NDP-019/R1. Carbon

Dioxide Information Analysis Center, Oak

Ridge National Laboratory, Oak Ridge,
Tennessee.
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South Pacific Coast

BACKGROUND _ 17-

Principal_,nvestlgat0rs .... : ...... _"
Thomas R_ Karl o

!_ Ronald G: Baldwtn i : _ :

:Michael: Gi Burgin ...... • 16. r _
:: NationalOceanicand Atmospheric: 4_.

Administration: _¢_ 1_,]J _]t i_ i l_l/
NationalClimatic Data center ta.CD _Lj_ _

FederalBuilding E -

Asheville, N0rth Carolina 28801, U.S.A, i._ "15_ _I l! _]_I

Sponsoring agencies: "-_ _[ "
U.S. Department of Commerce ]

National Oceanic and t=:

Atmospheric Administration _:_ 14,
U.S. Department OfEnergy

Carbon Dioxide Research Program _

Period of record- 1901-1987.

Method-After comparing each station's "13- ,,
data in the 1219-station Historical , _ , i , f

Climatology Network (HCN)(Karl et al. 1900 1930 "1960 1990

, 1990) to data from its twenty nearest Annual calendar year average temperature.
i neighbors, stations were selected based on
i confidence, missing data, and consistency
i criteria. All data were adjusted for time of

observation biases, station and instrument
• changes, and urban heat island biases.
i::Twenty-three regions were formed by
I_subjectively considering the climate

ilcharacteristics across the country, the
i_terrain, the continentality, and the
=vegetation. As an additional constraint, each

region was required to have boundaries
coinciding with NCDC's climate divisions,
For further details see Karl et al. (1988a).

Data availability-These data are available i
from NCDC and CDIAC. The complete i

HCN data set (Karl et al. 1990) is available I
from CDIAC. ii..................................................................................................................................................................................South Pacific Coast
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U.S. Regional Temperatures
_::::':,:::.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::,.::::,:.::::,.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::..,::::::::::::::::::::::::::::::::::::::::::::::::::::::

e ............... ,,,,,.,.,,.,.,...,°,,.,,,.,.,H,,,.,,,,,.,,,, ........ ,,.,,,, ........................ :

TRENDS i
[

On the basis of regional seasonal
temperatures (i.e., maximum, minimum,
average, and diurnal range) for the United
States, Karl et al. (1988a) Concluded that the

i climate has changed over the recent century
but that the changes for the most part have
not been monotonic. Instead, the changes
are somewhat unsteady and sometimes
occur over a relatively short period of time.

Karl et al. (1988a) also found a consid-
erable amount of detailed information for

each regional time series but reported that
their salient features often could be

summarized in time series plots for three
aggregated regions: West, Central, and East.
For the aggregated West region, which
includes this subregion, Karl et al. (1988a)
reported that, since the relatively cool
period during the begirming decades of the

[I century, annual mean temperatures have
remained relatively constant with the
exception of a number of multiyear climate
fluctuations.
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South Pacific Coast

Year Ann* Win Spr Sum Fall Annt Year Ann*
1901 15.18 11,63 '13,42 19,24 16,42 15,18 1945 14.89
1902 J4,69 11,45 12,87 19.19 15,82 14.84 1.945 14.85
1903 14,75 10,13 12,54 19,12 15,83 14,66 1947 15,(_

1904 15,19 11,06 13,74 19,07 17,07 15,24 1948 14,50
1905 14,56 11,41 13,04 i8,45 15.57 14,62 1949 14,81

1906 15,20 11.52 13,14 19,64 16,41 15.18 1950 i5,46

19(17 14,64 11.19 12.74 18,62 15,77 14.58 1951 14.88

1908 14.26 10,66 13,54 18,63 14,93 14,44 '1952 14,59

1909 14,15' 10,23 1225 18,66 15,50 14,16 1953 15,21

1910 14,69 9.29 14,51 18,26 15.83 14.47 1954 15,13
1911 13,94 10.32 12,76 18,15 15.34 14,14 1955 14,58

1912 14,20 10,99 11,64 18,45 15.53 14,15 1956 14,93

1913 14,34 9,57 12,49 19,16 16,28 14,37 1957 15,20

1914 14,84 10,81 14,08 18,28 16,,48 14,91 ' 1958 16.13
1915 14,69 9,63 13,30 19.39 15.80 14,53 1959 16.38

1916 14,08 10,55 14.09 18.18 14,15 14,24 1960 15,34

1917 14.79 8.95 11,70 19,65 17,14 14,36 1%1 15.50

1918 14.9'1 11,84 13.10 19,72 16.34 15,ZS 1962 14,98

1919 14.48 10,19 12,93 '19.15 15,29 14,39 1963 15.25

1920 14.31 10,91 12.51 19,26 14.90 14,39 19(/1 14.80

1921 14.79 10,03 12,37 19,57 16.32 14,62 1965 14,78
1922 14.25 9,57 12,15 19,70 15.76 14.29 1966 15,25

1923 14,89 10,72 13,50 18,65 _16,98 14,96 1963 15,24

1924 14,56 11.36 13,24 18,36 15,58 14,63 1968 15.32

1925 15,03 10,81 13,61 19,13 15.48 '14,76 1969 15.14
1926 15.67 11,96 15,51 19,20 16,94 15.90 1970 15.25

1927 14,91 10,75 13,46 18.84 16,51 14,89 1971 14,50

1928 15.07 11,28 14,80 18.32 15.86 15,06 1972 15.18

1929 15,05 9,48 12,74 20.01 16.95 14,79 1973 14,83

1930 14,99 11.80 13,75 18,81 16,50 15,22 1974 14.84
1931 15.55 11.26 15,74 20.00 15,66 15.66 1975 14.43

1932 14,69 9,34 14,05 18.36 17,32 14,77 1976 15.71
1933 14.41 8.68 12,76 18,28 1%00 14,18 1977 15.65

1934 16.02 11.58 16,33 18,98 16,89 15,94 1978 15.69

1935 14,66 11,08 13.03 19,14 15.66 14,73 1979 15.76

1936 15,67 10,94 14,77 19.96 17.14 15,70 1980 15.64

1937 14.91 8.41 13,73 19.51 17.,40 14.76 1981 15,96

1938 15.03 11.54 13.16 18.77 16,59 15,02 1982 14.65

1939 15.29 10,56 13,74 18,81 17.92 15,26 1983 15.70

1940 15.66 11.94 14,90 18,87 16,95 15.66 1984 16.12

1941 15,40 12,06 14,60 18,87 16,68 15,55 1985 15.27

1942 15,02 10,78 13,60 18.93 16,48 14,95 1_6 16,12

1943 15.65 11.81 14,79 18.66 17.47 15,68 1987 15.85
1944 14,50 10,54 13,35 17.85 16,13 14,47

____°°__`_°___________``______`________._______`___°_._______.`_____`_`____.____°_____`_________°___e____r____°

*Calendar year mean (Jan-Dec),

"l'Season year mea_a (Win = Dec-Feb; Spr = Mar-May; Sum = Jun-Aug; Fall = Sep-Nov).
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U.S. Regional Temperatures

Average Temperature (°C), 1901-1987 ..........................REFERENCES ...................i.......

Wh| Spr Sum Fall Ann'l' Karl, T,R,, G, Kukla, and J. Gavin, 1984,
11.13 12,73 19,12 16,79 14,94 Decreasing diurnal temperature range in
10,_ 13,65 19,17 16,17 14,84 the United States and Canada from 1941
11,03 15,06 20,03 16,71 15,71

10,85 12,59 18,85 16,82 14,77 through 1980. Journal of Climate attd
, (

7,48 13,93 19,28 17,89 14,65 Applied Meteorology 23,148)-1504,
9,94 13,93 19,04 18,oo 15,23 Karl, T,R,, G, Kukla, and J, Gavln, 1986,

11.37 13,69 18,65 17,04 15,19 Relationship between decreased
9,71 13,52 18,64 16,36 14,56 temperature range and precipitation11.34 12,87 19,01 17,05 15,07

11,60 13,43 18,89 17,04 15,24 trends in the United States and Canada,
9,65 13,36 18.56 16,57 14,54 1941-1980, Journal of Climate and Applied

10,07 13,61 18,73 16,95 14,84 Meteorology 26:1878-86,
10,79 13,70 2024 16,14 15,22 Karl, T,R,, C,N, Williams, Jr., P,J. Young,
11,88 13,97 19,80 1821 15,96 and W.M, Wendland. 1986. A model to
12,17 1551 20,49 17,93 16,53

10.76 14,75 19,80 16,52 15,46 estimate the time of observation bias
11,64 13,77 20.24 16,46 15,53 associated with monthly mean maximum,
10,26 13,55 18,72 16,92 14,86 minimum, and mean temperatures for the
11.92 13,15 18,73 17,47 15,32 United States, Journal of Climate attd
10.77 12,93 18,88 16,62 14,80 'Applied Meteorology 25:145--60,11,03 13,43 18,11 17,10 14,92
9,63 14,77 19,14 17,03 15,14 Karl, T.R,, R,G, Baldwin, and M,G. Burgin.

11,28 12,45 19.11 18,46 15,33 1988a, Time seties ofregional Seasonal
11,15 14,39 19,08 16,77 15.35 averages ofmaxirtlllm, minimum, and
9,66 i3.79 19.02 17,18 14,92 average temperatttre, and diurnal

12.19 14,06 19,10 16,57 15.48 temperature range across the United States:10.16 12,92 19,26 16,13 14,62

9,78 15,2l 19,59 15,72 15,08 1901-1984, Historical Climatology
10,02 13,51 19,43 15,77 14.68 Series 4-5, National Climatic Data Center,

10,_ 13,45 19,28 16,49 14,89 National Oceanic & Atmospheric

i 10.63 12.21 18.39 16,07 14,32 Administration, National Environmentali 11,85 13.58 19,64 17,64 15,68 Satellite, Data, and Information Service;12,16 13,21 19.69 17,14 1.5,55
12.32 15,07 19,54 17,08 16.00 Asheville, North Carolina_
9.79 14,62 19,78 17,80 15.50 Karl, T,R,, H,F, Diaz, and G, Kukla. 1988b,

12.64 13,78 18.95 17.03 15,60 Urbanization: its detection and effect in
1255 14,52 20,53 16,52 16,03 the Un_ted States climate record, Journal

11,28 12.97 18,56 16,37 14,80 of Climate 1:1099-.1123,11.20 13,75 19,90 17,65 15,63

11.64 15,75 20,34 17,32 16,26 Karl, T,R,, C,N, Williams, Jr., and
10,,11 14,06 20,18 15,79 15.11 F,T. Ouinlan. I_X), United States Historical

12,77 15,05 19,73 16,75 16,07 Climatology (HCN) serial temperature and
11.58 15,71 19.20 17,73 16,05 precipitation datal NDP-019/R1. Carbon :!

Dioxide Information Analysis Center, Oak _:
Ridge National Laboratory, Oak Ridge, _i
Tennessee, ' :!
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North Cascades

Principal, investigators , _"
Thomas R. Karl o _

Ronald G. Baldwin

National Oceanic and Atmospheric _ [
Administration l

National Climatic Data Center 03 -

,, Federal Btfildlng 1=:: .

Ashevill¢, North Carolina 28801, U,S.A, _ 11- ]
U.S. Department of Commerce _ ]

NationalOceanic and _:: " " .

Atmospheric Administration 10 Aa
U,S. Department of Energy _

Carbon Dioxide ResearCh Program "

Period of record - 1901-.1987, _: "

Method-After comparing each station's 9 -
data in the 1219-station Historical ..... _...... / , _ ' I

Climatology Network (HCN) (Karl etal. 1900 1930 1960 1990
1990) to data from its twenty nearest Annual calendar year average temperature.
neighbors, stations were selected based on
confidence, missing data, and consistency
criteria. Ali data were adjusted for time of
observation biases, station and instrument
changes, and urban heat island biases, t_
Twenty-three regions were formed by

subjectively considering the climate ::
characteristics across the country, the _:
terrain, the contlnentality, and the
vegetation, As an additional constraint, each
region was required to have boundaries !

coinciding with NCDC_s climate divisions, '!i _k_

I For further details see Karl et al. (1988a). ,..
i
i Data availability-These data are avadablefrom NCDC and CDIAC, The complete ::
] HCN data set (Karl et al. 1._._) is available
i from CDIAC.
!.....................................................................,............................................,,......................................................... North Cascades
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U.S. Regional Temperatures

On the basis of regionalseasonal
temperatures (i.e,, maximum, minimum,
average, and diurnal range) for the United
States, Karl et al. (1988a) concluded that th_
climate has changed over the,recent century
but that the changes for the most part have
not been monotonic, Instead,the change_
are'somewhat unsteadyand sometimes
occur overa relativelyshort period of time.

Karl et al, (1988a)also found a conaid-
erable amountof detailed informationfor
each regional time series but reported that
their salient features often could be

summarized in time series plots for three
aggregatedregions:West, Central,andEast.
For the aggregated West region, which
includesthis subregion,Karlet al. (1988a)
reported that, since the relatively cool
period during the beginning decades of the
century, annual mean temperatures have
remained relatively constant with the
exception of a number of multiyear climate
fluctuations,

t
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North Cascades

Year Ann* Win Spr Sum Fall Annt Year Ann*
1_1 9,98 4,72 9,23 15,69 10,95 10,15 1_5 10,_
1902 10,12 4,40 8,9,1 16,58 10,57 10,12 1946 10,53

1903 10,04 3,73 837 16,90 IO,M 10,06 1947 11,16

1tA34 10,82 3,99 9,48 17,63 11,93 10,76 1948 9,93

1.905 10,61 4,58 10,54 17,80 9,90 10,70 19,19 10,33

1906 11,16 4,61 10,03 18,32 11,19 11,04 1950 10,42
1_7 10,66 4,02 19,63 17,20 11,(a'i 10.63 1951 10,75

I_8 I0,18 4,65 8,76 17,55 iO,f_q I0,41 1952 10,65

1909 9,69 2,78 8,94 16,57 11,02 9,83 1953 11,10
1910 10,40 1,87 11,14 16,78 10,65 10,11 19.54 10,27

1911 9,73 3,00 8,93 17,52 9,74 9,79 19,55 9,61
1912 10,36 4,82 9,31 17,12 10,08 10,33 1956 IO,.M

1913 10,10 2,80 9,13 17,80 10,66 10,10 1957 10,62

1914 10,88 4,79 11,42 17,54 10,73 11,12 1958 12,28

1915 11,06 3,18 11,28 '18,00 10,68 10,78 1959 10,68

1916 9,4,1 2,88 9,28 16,74 9,61 9,63 1960 10,(_q

1917 10,35 2,49 7,95 17,78 1],57 9,95 1961 11,20
1918 10,95 5,44 9,23 18,29 11,94 11,22 1962 10,62

1919 10,14 3,84 9,98 17,84 9,87 10.38 1963 10,67

1920 10,08 2,59 8,41 1.7,80 10,13 9,73 1964 10,05
1921 10,65 5,05 9,67 17,33 11,22 10,82 1965 11,08

1922 9,94 2,38 8,84 17,91 10,74 9,97 1966 11,16

1923 10,74 3,20 9,71 17,84 11,64 10,60 1967 1150

1924 10,83 5.01 10,62 17,75 !0,92 11,07 1968 11,03

19_ 11,40 4,68 10,87 17,98 10,66 11,05 1%9 10,74
, 1926 11,88 5,63 12,19 18,76 11,54 12.02 1970 10,95

1927 10,64 4,08 9,06 18,40 11,55 10,78 1971 10,24

1928 11,2.5 3,86 11,43 18.08 11,Z5 11,15 il 1972 10,72
1929 IO,Z_ 1.92 9,67 17,77 10,91 10,07 1973 10,96
1930 10,47 3,40 10,66 17,65 10,75 10,62 19'74 10,80

1931 11,36 5,01 11,70 18,13 10,65 11.37 197.5 10,23

1932 10,85 3,62 10,_ 17,72 12,28 10,97 1976 10,44
1933 10,.34 2.45 9,03 17,70 10,71 9.97 1977 10,79

19M 12,22 7,(X_ 12,88 17,51 12,08 12,37 1978 10,79

1935 10,42 4,59 8,95 17,55 10 82 10,48 1979 10,98

1936 11,05 3,81 10,89 18,17 11,08 10,99 1980 10,86

1937 10,91 2,55 10,33 18,01 12,52 10,85 1981 11,39

1938 11,20 4,91 10,45 18,07 11,51 11,24 1982 10,61

1939 11.53 4,54 11,{Y) 17,84 12,06 11,38 1983 11,0(_

1940 12,13 6,22 11,98 18,68 12,03 12,23 1984 10,62

1941 I 1,87 6,11 11,70 18,51 11,32 11,91 1985 9,88

1942 11,27 4,51 10,16 18,52 11,76 11.24 1986 11,63

1943 10,78 4,38 10,23 17,08 12,14 10,96 1987 11,77
1944 10,92 4,00 9,70 l 7,63 12,22 10,89

*Calendar year mean (Jan-Dec),

tSeason year mean (Win = Dec-Feb; Spr = Mar-May; Sum = Jun-Aug; _:all = Sep-N_w),
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U.S. Regional Temperatures

Average Temi',erature (°C), 1901-1987 ............................I_E'[i'E'i_'E'N'C'E' _ ............................

Win ,qpr Sum Fall Ann't Karl,'I',R,_G, Kukla, and J, Gavin, 1984,
523 9,72 17,98 11,07 10,95 Decreasing diurnal temperature range in
4,48 10,43 17,35 9,92 10,5s tho United ' 'States and Canada from 1!141.4,28 11,82 16,7,1 11,49 11,08
4,21 8,65 17,47 1(I,44 10,19 through 1980,Journal of 67tmate,and
1,15 10,77 17,20 11,5(, 10,17 Applied Meteorologv23:1489-1504,
2,07 9,00 18,08 11,35 10,12 Karl, T,R,, G, Kukla, and ,I; Gavin, 1!)86,
5,40 9,73 17,91 11,52 11,14 Rdatlonshlp between decreased
3 19 9,92 17,56 11,32 10,50
5,1'16 9,23 16,80 12,19 1l,02 temperature range and prccipllallon
4,75 %,10 15,94 11,38 10,37 trends tn the United _ttttes and Canada,
3,76 7,63 16,70 10,41 9,62 1.!)411-1980,Jottrnal of Climate and Applied
3,,18 10,30 17,46 10,25 10,37 Meteon_lo_ 26:1878--86, t

2,88 10,_'_'_ 17,07 11,29 10,,17 Karl, T,R,, C,N, Williams, Jr,, P,J, Youag,
6,5,1 10,73 19,79 11,68 12,19 and W,M, Wendhmd, 1986.A model to5,56 9,80 17,74 10,65 10,94
3,83 957 17,98 11,32 10,68 estimate tile time of observation bias
5,66 9,81 19,22 9,98 11,17 associated with monthly mean maximum,
3,92 9,35 17,05 11,79 10,53 minimum, and mean temperatures for the

, 4,89 9,57 16.60 12,04 10,78 United States. Journal of Climate and
4,M 8,69 16,83 1c)A6 10,08
,1,31 10,02 17,98 12,05 11,09 Applied Meteorologi, 25,145-60,
4,15 1{),40 17,45 11,80 10,95 Karl,T,R,, R,G, Baldwin, and M,G, Burgin. ,
5,83 8,86 19A2 12,51 11,65 1988a, Time series ofregtonal seasot_al

5,53 I0,1,1 17,58 11,28 11,13 _ averages of t_laxit_lum, mitlinlltt?l, at_d :

2,62 10,52 17,82 1121 10,54 average temperature, and diurnal
5,81 9,31 18,_1 10,86 11,09 temperature range across the United States;4,12 9,00 17,69 10,29 10,28
3,87 lO,Z5 18,52 10,72 10,84 1901-1984, Historical Climatology t

3,96 10,19 17.38 10,81 10,59 Series 4-5, National Climatic Data Center,
4,55 9,20 17,70 12,01 10,86 National Oceanic & Atmospheric
,l,87 8,4,1 16,73 11,_ 10,26 Administration, National Environmental
5,01 9,07 16,42 11,81 10,58 Satellite, Data, and Information Service, ,,1.20 9,31 18,37 10,53 l0,60
6,12 10,26 18,04 10,01 11,11 Asheville, North Carolina.
2,44 10,65 17,64 _1,86 10,6,1 Karl, T.R,, H,F, Dtaz, and G. Kukla, 1988b.
4,77 10,03 16,74 11,97 10,88 Urbanization:its detection and el'feet in
5,83 10,38 17,89 11,50 11,40 the United States climate record, Journal

4,70 9.39 17,93 10,83 10,71 of Climate 1:1(}_Y).-.1123,5,83 10,92 17,08 11,0,.1 11,22
,1,45 10,08 17,N1 10,39 10,56 Karl, T,R,, C,N, Williams, .lr,, and
2,96 9,91 18,46 8,85 _o,05 _ F,T, Ouinhm, 1!_1, U,_itedStates Historical

4,,18 10,8,1 18,66 11,35 11,33 :i Climatology, (HC N) set, al temperature and.:

4,91 11,54 18,29 12,58 11,83 precipitation data, NDP.019/R1, Carbon
' Dioxldelnformati(m Analvsls Center, ()ak :!• 1

_ Ridge National Laboratory, Oak Ridge, ,
Tennessee,
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Principal investigators { _"

Ronald G, Baldwin [

National Oceanic and Atmo._pherie l fr

Administration 16- I'1[
Asheville, North Carolina 28801, U,S,A, . " "

U,S, Department of Commerce
National Oceanic and "15 , "
Atmospheric Administration . r

U,S. Department of Energy
Carbon Dioxide Research Program

Period of record -- 15udl-1987,

Method-After comparing each station's "14--
_'data in the 1219-statlon Historical ' " , i..... , _ ' i ....... ,..... f

Climatology Network (HCN) (K_rl ct al, "1900 1930 .1960 .19901

1_._) to dat_ from its twenty nearest Annual calendar year average temperature.
neighbors, stations were selected based on
confidence, missing data, and consistency
criteria, Ali data were adjusted for tjme of
observation biases, station and instrument
changes, and urban heat ishmd biases,

TwerW-three regions were forrned by _"a_""----._....____ _ j' "k)
subjectively consktering the clhnato
characteristics across the country, the _,
terrain, the conflnentaltty, and the

vegetation, As an additional constraint, each l
region was required to Mvc boundaries i
coincktlng with NCDC's clhnate divisions, i
For further details see Karl et al, (1988a), I

.-x,_
Data avalhibility-These data are available i
from NCDC and CDIAC, The complete
HCN data set (Karl et al, 1990) is available
from CDIAC.
, Cailflwnla Interior Valleys
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U,S. Regional Temperatures
_:_Tl_l_llq:lll::'_lil::;i_li_l_`_l;1l_l_l_1_;_!_1llll_}`_`l'4l_l_ll;_;_l_l_1l:l;_lll_ll1_ll_:l_l_I_l_l_1_;``_l_`_ll_l_ll_l_il_l}lll_l}_l_lll_fl_l}lI_lll`_l_:l:l',lll:_lllllllillll:',lllllll_lllill:l'|_|:_lIIll'll:

TRENDS
(.)xlthe basis of rt_glonalfl_asona[

t_mperaturos (l,e,, maxhnum, mlnhnum_
average,and diurnalrang¢_)for the United
States, Karl et al, (:I.988a)concluded that the
cllmate_has changed over the recent century
but that the _hanges for the most parthave
notbeen monotonic, Instead, the changes
art_somewhat unsteady and somt_tlmes
occur over a relatively short period of thrte,

Karl et al, (1988a) also found a conskl-
erable amount of detailed information for

each regional time series but reported that
their salient features often could be

summarized in time series plots for three
aggregated regtons: West, Central, and East,
For the aggregated West region, which
includes tht,_subreglcm, Karl et al, (1988a)
reported that, since the relatively cool

"r period during the beginning decades of the
990 century, annual mean temperatures have

remained relatively constant with the
exception of a number of multtyear climate
fluctuations,

..... ............,............................................ . .............
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California Interior Valleys

Year Ann* Wln Spr Sum lqdl Ann_ Yeitr Ann*
1_1 15,80 8,45 14108 23,26 17,02 15,70 1_5 15,55

1002 15,14 8,50 !3,14 23,35 15,90 15,22 19,16 15,04
I_3 15,28 7,12 13,71 22,97 17,15 15,24 19,17 15.55

!9(14 15,75 8,27 14,93 24,05 16,_) 15,84 1948 14,64
1905 15,43 8,82 14,53 23,12 15,54 1550 1949 15,20

1906 15,74 8,98 13,(_ 23,53 16,28 15,62 1950 16,18

I_7 15,29 8,67 13,72 22,27 16,34 15,25 1951 15,63

1908 15AI 8,20 14,31 23,94 16,19 15,66 1952 15.58

19(Y) 15,30 8,06 13,86 22,86 11.6,02 15,20 1953 15.51

1910 15,83 6,8I 15:Y) 23,32 16,48 15,65 1954 15,17

1911 1436 8,06 13,61 22,88 1,t:_) 14,89 1955 14,90

1912 14_87 8,61 13,06 22,84 15,04 14,89 1956 15,16

1913 15.64 7,35 14,20 23,74 17,17 15,62 1957 15,43

1914 15.57 8,64 15,M 22,72 15,86 15,6,_ 1958 16,64
1915 15,51 7,53 14,12 23,52 16.34 15,38 1959 16,68

1916 14,7_) 8,17 14.58 22,49 14,47 14,93 1960 16,11

1917 15,6,1 6,91 12,54 24,53 17.50 15,37 1961 15,74

1918 15,16 8,46 13,78 23,88 15,67 15,44 1962 15,44

1919 14,98 %00 14,45 23,15 15_03 14,91 1963 14,85

1920 14,91 8125 13,45 22,96 14,73 14,84 1964 15,.36

1921 15,37 7,92 13,53 23,32 16,21 15,24 1965 15,20

1922 14,77 7,16 13,12 23,29 15,65 14,80 1966 16,10

1923 14,8,1 8,03 13,_ 21,46 16,58 15,01 1967 15,72

1924 15,08 8,11 14,66 22,69 15,22 15,17 1968 15,79

1925 15,24 7,_ 14,51 23,43 14,48 15,05 1_9 15.55
1926 16,17 7,77 16,54 24,26 16,33 16,23 197(I 16,11

1927 15_2 8,55 14,17 23,22 16,10 15,51 1971 14,97

1928 16,07 8,28 15,97 23,80 16,35 16,10 1972 15,36

1929 15,81 7,27 14,16 23,57 17,22 15,55 19'73 15,76

1930 15,57 9,42 14,47 23,35 15,(._2 15,81 1974 15,89

' 1931 16,33 8,32 16,63 24,80 15,54 16,32 1975 14,73

1932 115,62 7,50 14,59 23,30 17,86 15,81 1976 15,41

1933 15,30 5,94 13,5,1 24,05 17,04 15,14 1977 15,98

19M 16,75 8,37 17,25 23,52 17,22 16.59 1978 16,12

1935 15,52 8,53 13,71 24,17 15,79 15,54 1979 16,19

19._ 16,39 9,00 15.52 24,32 17,23 1o.51 1980 15,89

1937 15,60 6,10 14,70 23,96 17,03 15,45 1981 16,47

1938 15,47 8,39 13,91 23,67 16,0,5 15.50 1982 15,03

1939 16,13 7,78 15,72 23,89 16,92 16,07 1983 16,00

19,10 16,23 9,,16 15,53 24,05 15,77 16,20 1984 16,44
1941 15,,19 9,64 14,35 22,68 15,59 15,56 1985 15,53

1942 15,Z5 8,02 13,29 23,68 16,38 15,35 1986 16,72

1943 15,70 8,31 14,98 22,27 16,97 15,63 1987 16.32
1944 15,48 8,15 14,19 22,58 17,00 15,48

' Cale ncht r yea r me_m (.lan-.Dcc),
tSe.stm ye_r me_n (Win = l'_t_c-l_ebi Spr = M_t'-Muy; Sum = .lun...Aug; Fall = Sep-Nov).
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U.S. Regional Temperatures
_._,_'_,,';,,, i'. ,",,,., _..... , .......... ,i. . "....... ", '_".................................................................. _' ..... 'i........

Average Temperature (C), 1901-1987 REFERENCES

Win Spr Sum l,hdl Amtt Karl, T,R,, G, Kukla, and J, Gavin, 1984,
8,01 13,31 23,83 17,30 15,61 Decreasing diurnal temperattn'_ range in
7,23 14,49 23,02 15,56 15,07 the klnited States and Canada from 1.9417.32 1621 22,51 16,39 15,61
7))9 1229 22,48 16,05 14,70 through 1980, J'ottrrlal of Climate and

5,31 15,03 23,21 17,01 15,14 Applied Meteorology 23:1489-1504,
7,,'_i 15,19 23,77 17,31 15,91 Karl,T,R., G, Kukla, and J; Gavin. 1986,
8,60 14,% 23,21 16,66 15,86 Relationship between decreased
7,39 14,58 22,_) 17,12 15.52
8,84 13,47 22,56 16,90 15,,1,1 I temperature rangeand precipitation
8,24 '15,16 22,63 15,54 15,39 trends in the United States and Canada,
6,07 13,61 22,74 16,16 14,65 19411-1980, Journal of Climate andApplied

7,89 14,39 23,11 '15,99 15,_ Meteorology 2611878--86,

7,52 14,73 z'£86 15,58 1£42 Karl, T,R,, C.N, Williams, Jr., P,J, Young,
8,_ t4.59 24,36 18,09 16,35 andW,M, Wendland. 1986, A model to
9,49 16,13 24,69 17,22 16,88
8,12 15,1,1 Z';,21 16,_ 16,20 estimate the time of obserw_tionbias
7,41 1,1,28 25,33 16,08 15,78 assoctated with monthly mean maximum,
6,66 14,55 23,48 16,62 15,32 minimum, and mean temperatures for the
8,,17 13,14 22,49 16,47 15,14 United States, Journal of Climate and

t

6,43 13,87 23,13 16,20 14,91 Applied Meteorolog3, 2.5, :145_i0.8,57 1,1,83 22,66 16,25 15,58
6,5,1 16,M 23,72 17,07 15,91 Karl, T.R,, R,G, Baldwin, and M,G. Burgin.
7.78 12,91 2,1,50 17,c,_) 1£79 1988a, Time series of regional seasonal

8,22 15,2(I 23,80 16,12 15,83 averages ofrtlaxitTlttm, t_itliml#_l, and
650 15,00 23,56 16,28 15,33 average temperature., and diurnal

9,38 15,01 2,1,04 16,44 16,22 temperatttrerange acrossthe Unitedstates:7,,16 13,(vl 23,91 15,47 15,12
6.53 15,97 2,1,08 15,11 15,42 1901-1984, Historical Climatology
6,98 15,33 23,97 15,61 15,47 Series 4-5, National Climatic Data Center,
8,07 14,71 23,97 1/,23 15,99 National Oceanic & Atmospheric
7,16 13,_i 22,50 15,83 14,71 Administration, National Environmental
7,7,1 14,42 22,46 16,84 15,36 _ , .Satclhte, Data, and Information Service,7,94 1,1,20 2,1,38 16,74 15,8t
9,78 15,55 23,93 16,71 16,,19 Astmwlle, North Carohna.
7,12 15,,11 23,92 17,36 15,95 Karl, T,R,, H,F, Diaz, and G. Kukla, 1988b,
8.97 14,64 22,85 17,14 15,90 Urbarfization: its detection and effect in
8,69 15.43 2,1,!_) 16,54 16,,11 the United States clinaate record, Journal

7,70 14,29 22,88 15,69 15,1,1 of Climate. 1' 1.099-1123,7,_) 1,lA0 23,37 17,53 15,82
8,65 16,Z5 24,95 h',,_.l 16,63 Karl, T.R,, C,N, Williams, Jr., and

t r7,32 15,10 2,1,61 15,49 15,63 F, F,Quhalanl 1990. United5tatea Historical
9,1¢, 16,23 24A7 16,5,1 16,60 Climatolc, gv (HCN) serial temperature and

8,(x) 16,61 23,_ 17,41 16,35 precipitation data, NDP-019/R1. Carbon

Dioxide Information Analysis Center, ()ak
Ridge National Laboratory, ()ak Ridge,
Tenllessee.

¢............. ,,,,¢. ...... ............... ........ . ........ ,.......................................... ,
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East Slope North Cascades

BACKGROUND 10-

! Principal investigators _-
Thomas R. Karl ta _

: Ronald G. Baldwin!
•. Michael G. Burgin

i: Nati°nal Oceanic and Atm°spheric _ /qt[ _ 1 j IlJl ll_iI

i Administration - -
_: National Climatic Data Center _ t

1'_ ..

i-Asheville, North Carolina 28801, U.S.A. _ 8 _/I_[ /

i Sponsoring agencies -_
U.S. Department of Commerce ::3

:_ National Oceanic and I::

Atmospheric Administration _ 7-
_ U.S. Department of Energy t--

t_
i: Carbon Dioxide Research Program
!iPeriod of record- 1901-198%

.._Method-After comparing each station's 6.
" data in the 1219-station Historical ' _ , _ '

Climatology Network (HCN) (Karl et al. 1900 1930 1960 199('

1990) to data from its twenty nearest Annual calendar year average temperature.
neighbors, stations were selected based on
confidence, missing data, and consistency
criteria'. All data were adjusted for time of

_ observation biases, station and instrument

changes, and urban heat island biases. __
Twenty-three regions were formed by _vf_ ---___

subjectively considering the climate _ Z,.._'L _ _
characteristics across the country, the
terrain, the continentality, and the
vegetation, As an additional constraint, each
region was required to have boundaries
coinciding with NCDC's climate divisions.
For further details see Karl et al. (1988a).

Data availability-These data are available ii

from NCDC and CDIAC. The complete ii!

HCN data set (Karl et al. 1990) is available iii
from CDIAC.

..........................................................................................................................................................................,........... East Slope North Cascades
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U.S. Regional Temperatures
._:_:_:_._:::::::::::::::::::::::::::::::::_:_;_._;!_:_::::::::::::::::::::::::::::::::::::::::::_::::::::::::::::::::::_;_::::::::::::::::::::::::::._.;:._._:_:_:_:_::::.:::_:_:_:_:_;:::_

...................................... i h.E .gg..........................,........
On the basis of regional seasonal

temperatures(i,e., maximum, minimum,
average, and diurnalrange) for the United
States, Karl et al. (1988a) concluded that the
climatehas changed overthe recent century
but that the changes for the most part have
not been monotonic. Instead, the changes
are somewhat unsteady and sometimes
occur over a relatively short period of time.

Karl et al. (1988a) also found a consid-
erable amount of detailed information for

each regional time series but reported that
_ their salient features often could be

summarized in time series plots for three
aggregated regions: W,_st,Central,_and East.
For the aggregated West region, which
includes this subregion, Karl et al. (1988a)
reported that, since the relatively cool

-'-1' period during the beginning decades of the
1990 century, annual mean temperatures have

remained relatively constant with the
exception of a number of multiyear climate
fluctuations.
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East Slope North Cascades
• , . ................ , .........................................

Year Ann* Win Spr Sum Fall Annt Year Ann*
1901 7,67 --0,86 6,90 16,74 8,80 7,89 il 1945 8,26

1902 7,35 -1,04 6,75 16,1Y) 8,03 7,46 :_ 1946 7.92

1903 7,23 -2,68 6,36 17.62 7A0 7.18 1947 8,49

1904 8,14 -1,86 6,98 17,83 9,38 8,08 1948 6,98

1905 7,76 -1,28 8,08 17,78 6,98 7,89 1949 7,38

1906 8,19 -1,56 7,73 18,13 8,06 8,09 1950 7,46

1907 7,50 -3,30 7,08 16.55 9_39 7,43 1951 7,70
1908 7.84 -1.25 7,09 17,86 8,59 8,07 1952 8,12

1909 7,05 -3,24 6,63 16,56 8,84 7,20 1953 8,74

1910 8,11 -4.32 9,91 16,88 8,48 7,74 1954 7,66

1911 7,09 -2,74 7,38 18,03 6,65 7,33 1955 6,71
1912 7,22 -2,46 7,05 16,90 6,88 7,1Y) 1956 7,77

1913 6,85 -4,45 6,65 17,42 7,88 6,87 1957 7,61

1914 8,16 -1,12 9,00 17,88 8,26 8.51 1958 9.45
1915 8,22 -3.35 9,07 18.09 7,70 7,88 1959 '1,71

1916 6,31 --4,16 7,13 16,75 6,85 6,64 1960 8,04

1917 7,53 -5,06 5,03 18,17 9,69 6,96 1961 8,70

1918 8,56 -0,28 7,52 18,29 9.44 8,74 1962 8,04

1919 7,48 -1,03 7,93 17.79 6,80 7:87 1963 8.44

1920 7,61 -2,85 6,31 17,75 7,40 7.15 1964 7.29

1921 7,87 -0,91 7.'44 18,07 7,72 8,08 1965 8,36
1922 6,85 . 5,37 5,98 19,20 8,45 7,06 1966 8,70

1923 7,90 -3,82 7,52 17,57 8,96 7,56 1967 9,07

1924 7,88 -1,27 8.53 17,71 7,94 8,23 1968 8,29

' 1925 8,88 -1.50 8.86 18,40 7,60 8,34 1969 7.70

1926 8.90 0,43 9,53 18.87 7,80 9,16 1970 8.17

1927 7,35 -2,19 6,71 18.00 7,92 7.61 1971 7.75

1928 7,94 -3,17 8,37 17,74 8,04 7,74 1972 7,72
1929 6,98 -6,17 7.21 17,96 7,77 6,69 19'73 8,58

1930 7,49 -3,14 8,47 18,34 7,49 7,79 1974 8,60

1931 8.24 -1,44 8,92 18,35 7.29 8.28 1975 7.53

1932 7,40 -4.09 7.26 17.62 9.19 750 1976 8,21

1933 7,54 -4.86 6,36 18,05 8,43 7,00 1977 8,05

1934 9,8"1 2.15 10,80 18,39 8,93 10,06 1978 7,77

1935 7.55 -1.55 6,68 17,42 7,66 7,55 1979 8,16

1936 8,25 -3,67 9,22 18.71 8,48 8,19 1980 8,07

1937 7,52 -5.66 7,93 18.01 9,68 7,49 1981 8,73

1938 8,44 -.-0.91 7,72 18,59 8,88 8.57 1982 7,77

1939 8,76 -1,91 8.90 18,25 8.79 8.51 1983 8,39

1940 9,04 0,05 9,38 19,16 8.35 9,24 1984 _ 7,55

1941 8.86 --0,09 9,15 18.30 7,81 8,79 1985 6,78

1942 7,91 -1,93 7.41 17,91 8.58 7.99 1986 8,96

1943 7.58 -2,71 7,06 16,79 9,41 7,64 iii 1987 9,35

1944 8,13 ±1,92 7,57 17,60 9,57 8,21 i

*Calendar' year mean (Jan-Dec).
tSeason year mean (Win = Dec-Feb; Spr = Mar-May; Sum = Jun-Aug; Fall = Sep--Nov),
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U.S. Regional Temperatures

Average Temperature (°C), 1.901-1987 ..............................REFE'RE'N'C'E'S' ............................

Win Spr Sum Fall Ann, Karl, T,R., G. Kukla, and J. Gavin, 1984.

--0,80 7,I4 18,19 8,24 8,19 Decreasing diurnal temperature range in-154 8.54 17.43 6.76 7.80
-1,17 9.57 16,96 8,64 8,50 the United States and Canada from 1941
-1,57 6.23 17.36 7.65 7.42 through 1980. Journal of Climate and •

-7.38 8.57 17.75 9.12 7.01 Applied Meteorology 23:1489-1504.

--4,67 6.65 18.26 8,61 7,21 Karl, T,R., G. Kukla, and J. Gavin, 1986.

--0.53 7.15 18,03 8.12 8,19 Relationship between decreased-3,37 7.93 17,74 9.03 7,83
1,21 7.00 16,42 9,68 8,58 temperature range and precipitation trends

--0.20 7,11 15.86 8.58 7.84 in the United States and Canada,

-2.01 4.81 17.34 7.18 6.83 1941--1980. Journal of Climate and Applied

-3.01 8.40 17.54 7.58 7.63 Meteorology 26:1878-86.
-3,87 8.46 16,97 8.24 7.45 Karl, T,R:, C,N, Williams, Jr., P J, Young,1.76 8.34 19.68 8.24 9.50
60,56 7,32 17.46 7.25 ' 7,87 and W.M. Wendland. 1986. A model to
-2,20 7.11 18.45 8.90 8.07 estimate the time of observation bias

0.32 7.70 20.31 6.63 8.74 associated with monthly mean maximum,

-2.44 7.16 17,07 9.19 7.75 minimum, and mean temperatures for the

-0.07 7,61 17.22 10.08 8.71 United States. Journal of Clhnate and-1.46 6,35 16.94 7,66 7.37
-1.35 7,30 18,06 8.90 8.23 Applied Meteorology 25:145--60.
-0.93 8.41 17.14 9.40 8,50 Karl, T.R., R.G. Baldwin, and M.G. Burgin,

1.36 6.48 19.81 9.81 9,36 1988a. Time series of regional seasonal

-0.53 7.97 17.91 8.18 8...'y3 averages of maximum, minimum, and

-4.62 8,16 18.14 8,20 7.47 average temperature, and diurnal
•-0.52 7.00 19.54 7.25 8,31
-1.00 6.96 18,33 7.11 7,85 temperature range across the United States:
•-2.93 7.94 18.42 7.63 7.76 1901-1984, Historical Climatology
-2.14 8.40 18.27 7.,)9 8.13 Series 4-5. National Climatic Data Center,

-0.41 7.17 18.48 9.50 8.69 National Oceanic & Atmospheric

-2,03 6.18 17.55 8.43 7.53 Administration, National Environmental-0,14 7,08 16,98 9.36 8,32
-1.47 7._ 19,27 7.17 8.08 Satellite, Data, and Information Service,
-0.61 7.81 18.12 7.10 8.10 Asheville, North Carolina,

-5.27 8.23 18.69 8.78 7.61 Karl, T.R., H,F, Diaz, and G. Kukla. 1988b,
-1.13 8.27 16.65 8.57 8.09 _i Urbanization: its detection and effect in the

:i1.10 8,06 17,66 8.62 8,86
-1,17 7.05 18.33 7.36 7,89 ii United States climate record. Journal of
0.60 8.58 17,33 8.39 8,72 Climate 1:1099-1123,

-2.13 7.33 17.93 6.94 7.52 Karl, T,R,, C.N. Williams, Jr,, and
-4.58 8.04 19.04 4.80 6.82 F.T. Ouinlan. 1990. United States Historical

-1.75 8..78 19.23 8.(Y) 8.59 Climatology(HCN) serial temperature and

-0.74 9.89 18.48 10,05 9.42 precipitation data. NDP-019/RI. Carbon
Dioxide Information Analysis Center, Oak

Ridge National Laboratory, Oak Ridge,
Tennessee.
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GreatBasin
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i, Principal investigators _"
i: Thomas R. Kad o _
!! Ronald G. Baldwin _ '

i MichaelG, Burgin _ 11
i National Oceanic and Atmospheric _.

Administration

National Climatic Data Center _

Fe,ra t '
U.S. Department of Commerce "_ , _l 1_

National Oceanic and _ l

- "

_ Atmospheric Administration 98 ! _ !

U.S. Department of Energy _ ..
Carbon Dioxide Research Program

Period of record- 1901-1987.

Method-After comparing each station's
data in the 1219-station Historical '

Climatology Network (HCN) (Karl et al. 1900 1930 1960 1990

1990) to data from its twenty nearest Annual calendar year average temperature.
neighbors, stations were selected based on
confidence, missing data, and consistency
criteria. All data were adjusted for time of
observation biases, station and instrument
changes, and urban heat island biases.
Twenty-three regions were formed by
subjectively considering the climate

characteristics across the country, the "_._
terrain, the continentality, and the _ E/

vegetation. As an additional constraint, each
region was required to have boundaries

coinciding with NCDC's climate divisions.

i For further details see Karl et al. (1988a).
i
i Data availability- These data are available

i from NCDC and CDIAC. The complete
i HCN data set (Karl et al. 1990) is available
_ from CDIAC.

Great Basin
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U.S. Regional Temperatures
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.................................... REiqig...................................i
On the basis of regional seasonal _l

temperatures (i.e., maxtmum,minimum, I

average, and diurnal range) for the United [
States, Karl et al. (1988a) concluded that the i
climate has changed over the recent century !

but that the changes for the most part have t
not been monotonic. Instead, the changes
are somewhat unsteady and sometimes
occur over a relatively short period of time.

Karl et al. (1988a) also found a consid-
erable amount of detailed information for

each regional time series but reported that
their salient features often could be

summarized in time series plots for three
aggregated regions: West, Central, and East'
For the aggregated West region, which

i includes this subregion, Karl et al. (1988a) i
i reported that, since the relativelycool I
i period during the beginning decades of the i

_0 i century, annual mean temperatures have

i remained relativelyconstant with the i
exception of a number of multiyear climate
fluctuations.
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Great Basin

Year Ann* Win Spr Sum Fall Ann# Year Ann*
1901 10,11 -0,05 8,46 21,15 10,99 10,14 1945 8,94
1902 9,59 -0,22 8,23 20.65 9,60 9.57 1,946 9.60
1903 8,68 -3,54 7,64 21,14 10,07 8,82 1947 9,45
1904 9,19 -1 `58 8,33 20,40 9,61 9,19 1948 8,83
1905 9,04 --0,70 8,56 20,82 8,78 9,37 1949 8,37
1906 9,06 -2,44 7,72 20,15 8,73 8,54 1950 9,95
1907 9`59 1,08 8,85 18,65 9,76 9`58 1951 9,08
1_8 8,57 0,50 7,49 19.59 8,04 8,91 1952 9,06
!909 9,23 --0,29 7,47 20,99 9`55 9,43 1953 9,86
1910 10,02 -4,24 11,04 21,11 10,43 9,59 1954 10,05

' 1911 8,40 --1,39 8,14 20,36 7,80 8,72 1955 8,29
, 1912 8,22 -1,58 7,18 19,75 7,19 8,14 1956 9,32
' 1913 8,47 -3,43 8,08 19,99 9,22 8,46 1957 9,14

I914 9,49 -1,00 9,93 20,18 9,71 9,70 1958 10,23
1915 9,27 -2,82 9,08 20,03 9,25 8,89 1959 9.55
1916 8,27 ,-1,60 8,78 19,37 7,50 8,51 1960 9,57
1917 8,24 -5,94 5,37 21,00 10,19 7,65 1961 9.37
1918 8,88 0,00 7,92 21,01 8,82 9,44 1962 9,09
1919 9.06 -2,48 9,33 22,02 7.46 9,08 1963 9,38
1920 8,47 -2,22 7,01 20,12 8,38 8,32 1964 8,26
1921 10,08 --0.61 8;43 20,97 10,36 9,78 1965 8,96
1922 8,33 -3,62 6,17 21,56 9,71 8,45 1966 9,73
1923 8,13 - 1,75 7,43 19,32 8.59 8,40 1967 9,29
1924 8,69 -2,63 7,98 21.26 9,06 8,92 1968 9,03
1925 9,60 -2,33 10.31 20,13 8,32 9,11 1969 9.63
1926 10,04 -0,45 10,10 21.51 9,97 10,28 1970 9,17
1927 9.38 -0,95 7,88 20,78 10,15 9,47 1971 8,73
1928 9,25 -!,99 9,43 20,10 9.46 9,25 1972 9,38

_ 1929 8,71 -4,02 7,28 20,84 8,55 8,16 1973 8,96
1930 8,27 -0,46 8.54 20,82 7,20 9,03 1974 9.60
1931 9,61 -2,96 9,08 22,61 9.01 9,43 1975 8,3!
1932 8,25 -4,84 8,35 20,39 9,93 8,46 1976 9,24
1933 9,20 -6,24 6,81 22,15 11,02 8,43 1977 10.13
1934 11,49 2,22 12,57 21,81 10,41 11,75 1978 9,53 I
1935 9,30 --0,07 7,41 21.37 8,85 9,39 1979 9,441
19M 9,77 -0,97 9.76 21.33 8.54 9,67 1980 9,81 I
1937 8,92 -5,25 8,52 21,22 10,79 8,82 1981 1031 /
1938 9,26 -0,25 7,77 20,70 8,96 9.30 1982 8,411
1939 9,95 -2,41 1008 21,1l 10,13 9,73 1983 9,45 I
1940 10,57 1.10 10,26 22,33 9,50 10.80 1984 8,211
1941 9.37 0,63 8,37 19,90 8,32 9,31 1985 8,521
1942 8.99 -1,81 7.01 21,01 9,71 8,98 1986 10.29)
1943 9.84 0,35 9,39 19.90 10.33 9.99 1987 9.731
1944 8,11 .-3,14 6.78 19,26 9,78 8.16

'_._._._._._._._.._._._.'_._._._._._._._._._`_._._.'._`'._._._._

'Calendar year mean (Jan-Dee),
t_ason year mean (Win = Dee-Feb; Spr = Mar-May; Sum = Jun-Aug; Fall "- $ep--Nov).
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U.S. Regional Temperatures

AverageTemperature (°C),,1901-1987 REFERENCES
Win Spr Sum Fall Annt Karl, T,R,, G, Kukla, and J. Gavin, 1984.

.-0.82 6.97 19,64 9,76 8.89 Decreasing diurnal temperature range in-1,60 9,42 21,46 8,19 9,37
: -0,38 9,83 19,98 9,34 9,69 the United States and Canada from 1941

•-0,95 7,28 20,59 9,23 9,04 through 1980. Journal of Climate and

-7,21 9,23 20.54 10.58 8,29 Applied Meteorology 23:1489-1504.
-1,87 8,09 20,61 11,48 9,58 Karl, T,R., G, Kukla, and J, Gavin, 1986,

0,04 8,33 20,45 9,33 9,54 Relationship between decreased
-3,26 ' 7,60 20,64 10,23 8;80

:: 0,93 7,11 20,52 11,39 9,99 : temperature range and prectpitation trends
-0,15 9,34 20.56 10,43 10,04 in the United States and Canada,
•-4,86 6,77 20,40 9,90 8,05 1941-1980. Journal of Climate and Applied

.--0,52 8,73 20,51 9,39 9,53 Meteorology 26:1878--86.

.il -1,41 7,87 20,81 8.53 8,95 Karl, T.R.,C,N, Williams, Jr., P J, Young,: 0,78 8,11 21,27 10,28 10,11

0.51 8,21 21,84 9,14 9,93 and W,M, Wendland. 1986, A model to
-3,09 9,13 21,70 10,27 9,50 estimate the time of observatton btas
--0,45 8,29 22,15 7,65 9,41 associated with monthly mean maximum,
-3,26 7,cP9 20,14 11,14 9,00 minimum, and mean temperatures for the
-1.03 7.70 19,91 11,47 9.51 United States.Journal of Climate and-3,47 6.41 19,99 9,11 8,01
-0,04 7,10 19,33 9,98 9,09 . AppliedMeteorolo[.:3, 25:145-60,
-1,90 9,51 21,16 10.54 9,83 Karl, T.R., R.G, Baldwin, and M,G, Burg;in,
-1,23 7,35 20,93 10,96 9.50 1988a. Time series of regional seasonal

-1,88 7,86 20.03 9,29 8,82 :: averages ofmaximlvn, minimum, and

-0,94 8,80 20,83 9,o8 9,44 " average temperature, and diurnal0,87 6,79 21,04 8.61 9,33
-1,04 7,56 21,41 7,83 8,94 temperature range across the United States:
-1.53 9,55 21,.3o 8,70 9,50 ! 1901-1984. Historical Climatology
-4,00 7.52 20,82 9,44 8,45 I Series 4-5, National Climatic Data Center,
-1,13 9.19 21.42 9,84 9,83 i National Oceanic & Atmospheric

, -2.50 6.02 19,70 9,26 8,12 ii Administration, NationalEnvironmental
-0.57 8.00 20,13 9,_ 9,36
-1141 7,56 22,14 10.81 9,77 Satellite, Data, and Information Service,

1,56 9,08 20,54 9,23 10,10 Asheville, North Carolina.

-3,70 8,75 20,97 10,23 9,06 Karl, T.R,, H,F, Diaz, and G. Kukla, 1988b,
0,63 7,83 20,43 9,88 9,69 Urbanization: its detection and effect in the

0,98 8.68 21,85 10,43 10,48 United States climate record, Journal of---0.72 7,48 20,33 7,92 8,75
-0,15 7,10 20,10 10,26 9.33 Climate 1:1099-1123.
-3,26 7.94 20,19 8,82 8,42 Karl, T.R,, C.N. Williams, ,h'., and
-3,98 9.00 21A7 7,86 8,59 F.T. Quinlan, 1990, United States Historical

0.13 9,57 21.70 8,68 10,02 Climatology (HCN) serial temperature (:tld

-1.39 9,77 20.74 10,39 9.87 precipitation data. NDP-019/R1, Carbon

Dioxide Information Analysis Center, Oak

Ridge National Laboratory, Oak Ridge,
Tennessee,

• .....,.....,,,,..,....,...,.v..,.,,..,.,.,..,e..r e___._____`'.____'......_._.__.___._._....._..___.._._.._'_.___`.`______.___.___..___...___.__..__.._.._____._._._...__`___._`..._._._._____......._'.`.°
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Southern Desert

t BACKGROUND

] Thomas R, Karl o [ .
i Ronald G, Baldwin _ _Michael G, Burgin _ I _

Administration . [ -
National Climatic Data Center • ' I I_ -- " .I

Sponsoring agencies l
U.S. Department of Commerce "_ 1

National Oceanic and

Atmospheric Administration "16- "U.S. Department of Energy

Carbon Dioxide Research Program
Period of record- 1901-1987, _ -

: Method-After comparing each station's
data in the 1219-station Historical "15- .,. f

. Climatology Network (HCN) (Karl et al. "1900 "1930 "1960 "1990

1990) to data from its twenty nearest Annual calendar year average temperature,
neighbors, stations were selected based on
confidence, missing data, and consistency
criteria. Ali data were adjusted tbr time of
observation biases; station and instrument
changes, and urban heat ishmd biases.

Twenty-three, regions were formed by
subjectively considering the climate
characteristics across the country, the
terrain, the continentality, and the
vegetation. As an additional constraint, each
region was required to have boundaries
coinciding with NCDC's climate divisions.
For further details see Karl et al. (1988a).!

i Data availability-These data are available
il from NCDC and CDIAC. The complete
i_HCN data set (Karl et al. 1990) is available

from CDIAC.
_ Southern Desert

i:..5...-- ..........--- ...........---- .--.---,.--.--,.-..-,-,-,-.----, ,--,.
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U.S. Regional Temperatures

TRENDS

On the basinof regional seasonal
temperatures (i,e,, maxlmum, mlnimum,
average,and diurnal range) for th_._United
States, Karl et al. (]988a) concluded that the
climat_ has changed over the recent century
but that the changes for the most part have
not been monotonic, Instead, the changes
are somewhat unsteady and sometimes
occur over a relatively short period of time,

Karl et al, (1988a) also found a consid-
erable amount of detailed information for

each regional time series but reported that
their salient features often could be

summarized in time seT'tesplots for rh.fcc
aggregated regions: West, Central: and East,

! For the aggregated West region, which
includes this subregion, Karl et al, (1988a)
reported that, since the relatlvely cool
period during the beginning decades of the

) century, annual mean temperatures have
remained relatively constant with the
exception of a numbe_'of multiyear climate
fluctuations.

i I
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Southern Desert

Year Ann* Win Spr Sum Fall Annt Year Ann*
190t 17,20 7,58 15,_0 27,20 18,05 17,18 1945 16,87
1902 16,71 7,_ 15,81 26,74 17,24 16,77 1946 17,21
1903 16,63 6,16 15,42 26,79 17,95 16.58 1947 17,31
1904 17,44 7,52 17,82 27,fY) 17,44 i7,47 1948 16,92
1905 16,97 7,68 15,54 27,45 17,73 17,10 1949 17,04
1906 16;80 7,03 15,70 26,58 16,93 16,56 1950 18,02
1907 17,05 8,17 16,49 25,97 17,67 17,08 1951 17.33
1908 16,39 7,13 16,10 26,24 '16,53 16,50 1952 17,14
19iY) 16,40 7,33 15,00 27,11 17,42 16,72 1953 17,14
1910 17,91 5,18 18,_ 27,76 18,56 17,45 1954 18,03
1911 16,52 7,75 16,33 26,60 16,96 16,91 1955 16,75
1912 15,90 5,92 14,86 26,42 16,14 15,84 1956 17,39
1913 15,90 4,66 15,29 25,90 17,47 15,83 1957 17.57
1914 17.12 6,71 16,93 26,78 18.39 17,20 1958 18.11
1915 16,16 5,_ 14,M 26,69 17,12 16,01 1959 18,16
1916 16,69 7,41 17,05 26,46 16,22 16,78 19(gl 17,59
1917 16,46 5,52 14,06 27,10 18,13 16,20 1961 17,49
1918 16,99 7,38 16,31 27,27 17,70 17,17 1962 17,64
1919 17,02 6,10 16,98 27,52 16.89 16,87 1963 17,26
1920 16,77 8,28 15,7) 26,94 16,65 16,92 1964 16,45
1921 17,91 7,34 16,95 27,57 1854 17,60 1965 16,76
1922 17,00 7,00 15,53 28,04 17.86 17,11 1966 17,28
1923 17,02 8,09 16,58 26,29 17,65 17,15 1967 17,49
1924 17,02 6,81 16,39 27.58 17,66 17,11 1968 17,33
1925 17,28 7,20 17,t.,'6 26,72 16,70 17,14 1969 17.57
1926 17.57 7,35 17,50 27,05 18.55 17,61 1970 17.11
1927 17,32 8,16 16,69 26,tid 18,07 17,39 1971 17,05
1928 17,21 6,98 17,18 26,68 17,76 17,15 1972 17,68
1929 17,06 6,42 16,22 27,20 17.89 16,93 1973 17,13
1930 16,90 7,94 16,26 27,16 16,94 17,08 1974 17.55
1931 17..'48 7,24 17.51 27,64 17,49 17,47 1975 16,75
1932 16,90 5,87 16,57 27,07 17,94 16,1h5 1976 16,.90
1933 16,85 4,67 15.16 27,67 19.18 16,67 1977 17,94
19M 18,41 8,11 19.56 27,43 18,25 18,34 1978 17,65
1935 17,06 8,12 15,83 27,._ 17.15 17,16 1979 17,41
1936 17.54 7,28 17,92 27,79 17,27 17,57 lt)d0 17,90
1937 16.90 4,78 16,38 27.50 18.29 16,73 1_1 18,80
1938 16.76 8,41 15_93 26,M 16,54 16,80 1982 17.52
1939 17,13 6,34 ,17,10 27,25 17,46 17,04 1983 17,79
1940 17,68 8,35 17,69 27,73 17,12 17,72 1984 18,22
1941 16,77 8,84 15,65 26,26 16,77 16,88 1985 18,14
1942 17,32 7,43 15,64 27,70 17,97 17,18 1986 18,85
1943 17.59 8,93 17,48 27,21 17,47 17.77 1987 17,90
1944 16,45 6,52 15,52 26,37 17,25 16,41

' f_dendar year mean (Jan-Dec),
"tSeason year mean (Win = Dec-Feb; Spr = Mar-May; Sum = Jun-Aug; Fall = 5ep-Nov),
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U.S. Regional Temi)eratures

AverageTemperature (°C), 1901-1.987 ............................h i!%i/ i 'NCE'S...........................
' RWin Spr Sum Fall Am_t Karl, F, ,, G, Kukla, and J, Gavin, 1984,

7,55 15,1,1 27,36 17,74 16,94 Decreasing diurnal temperature range tn
6,39 17,18 27,92 16,50 17,00

States and Canada from( 19418,31 17,43 27,07 17,49 17,57 the Un_ted " '

6,69 15,85 2'1.52 17.37 16.86 through 1980, Journal of Climate and
5,00 16,7) 27,64 18,62 17,01 Applied Meteorology 23 :1489-1504,

7,73 17.63 27,34 18.34 17.81 Karl, T,R,, G, Kukla, und J, Gavin, 1986,
8,25 16.58 27.50 1'7,80 17,53 Relationship between decreased
7,32 16,03 27,41 18,05 17,20

7,83 15,74 27,40 17,72 17,17 temperature range and preclpltatton trends
8,14 17,46 27,40 18,69 17.92 in the United States and Canada,
6,14 15,83 26.52 18,03 16,63 1941-1980, Journal of Climate arid Applied
8,16 16.73 27.57 17,39 17,46 Meteoroloh_, 26:1878.-86,
9.13 . 16,13 28,14 16.69 17,52 Karl, T,R,, C,N, Williams, Jr,, P,J, Young,
8,70 16,46 2852 18,55 18,03

8.67 17.[13 2_.47 18,02 18.Z'i and W,M, Wendland, 1986, A model to
6,81 17,63 28.58 18,iX) 17.75 estimate the titne of observation bias
7,85 16:_t 28,(_) 16,74 17,42 associated with monthly mear, maximuna,
7,68 16,28 27,29 18,8.5 17.53 minimum, and mean temperatures for the
8,49 16,28 26,39 18,45 17,40 United States, Journal of Climate and

6,15 15.37 26,97 17,06 16,39 Applied Meteorology 25:145-60,8,15 15,32 26,12 17,62 16,80

5,98 17.20 27.58 18,15 17.23 Karl, T.R., R.G, Baldwin, and M.G, Burgin,
8115 16,14 27..50 18,80 17,M 1988a. Time series of regional seasonal
8,10 16,43 26:_ 17,87 17,M averagesoftnaximzlm, mitlimzttn, it(ld

7,16 16,65 27,74 17,81 17,33 average tentperature, attd diurnal
8.5,1 15,67 27,95 16,74 17,22
7,95 15,77 27,75 17,04 17,13 temperatttre range across tile Utliled Slates:

7,(_1 18,10 27,92 1(,,82 17,62 1901-1984. Historical Chmatology
(,,85 15,79 27,70 17,62 16,99 Series 4-5. National Climatic Data Ceutcr,
7,75 17,53 27,69 18,03 17,75 National Oceanic & Atmospheric
7,19 14,63 27,08 17.45 16..59 Administration, National Environmental
856 16,13 26,71 16,73 17,01 , , , .
8,00 15,M 28,36 19.04 17.69 Satelhte, Data, and Information Serwce,

Carohna.8,91 16,89 28,02 17,96 17,94 Asheville, North ' '

6,57 16.89 27,30 18.1q_ 17.23 Karl, T,R,, H,F, Diaz, and G. Kukla. 1988b,
9.2':; 15,37 28,10 18.07 17.70 Urbanization', its detection and effect in the

, 10.32 17,68 29,05 18,46 18,88 United States climate record, Jourtlal of
9.28 16.83 27.52 17.23 17,71

8,39 15,60 27.37 19,25 17,65 Climate 1:10_.,x).-.-]123,
9,50 1856 27,87 17,(15 18,39 Karl, T,R,, C.N. Williams, Jr., and
7,78 18,08 28,66 17,54 18,02 F.T. Ouinlan, 1(_). United States Historical

10,48 19,17 28,87 17,36 18,97 Climatologv (HCN) serial tetnperatttre and

7.87 17,:.6 27,60 19,05 18,00 precipitation data. NDP-019/RI. Carl on

Dioxide Information Analysis Center, Oak
:i Ridge National Laboratory, Oak Ridge,
i Tennessee,
._.......:.......:, ........,......:.,............:......,,.....:......,.....:..,,:., .:,. ,.:..:..........,. ,.,:..,....,........,...:....: ...: ,., ...:... :...
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,:)
Northern Rockies

BACKGROUND 10-
Principalinvestigators _'

Thomas R, Karl o

Ronald G, Baldwin 9
Michael G. ,Burgtn
Nattonai Oceank_ and Atmospht_rit_ ._

Administration _

Sponsoring agencies "_ 7 .... ii
U.S, Department of Commerce, _ I .ll'_

National Oceanic and [ .+ I
Atmospheric Administration - "

U.S, Department of Energy _ 6
_5 I

Carbon Dioxide Research Program _,
Period of record - 1901-1987,

Method-After comparing each station's 5
data in the 1219-station Historical ' _ " _ ..........

Climatology Network (HCN) (Karl et al, 1900 1930 1960 1990

19<)0) to data from its twenty nearest Annual calendar year average temperature.
neighbors, stations were selected based on

confidence, missing data, and consistency
criteria, Ali data were adjusted for time of
observation biases, station and instrument
changers, and urban heat ishmd biases,

Twenty-three regions were formed by, _ ---'_

subjectively considering the climate

characteristics across the country, the
terrain, the conttnentality; and the
vegetation, As an additional constraint, each

region was required to have boundaries
coinciding with NCDC's climate divisions,

For further details see Karl et al. (1988a), __. )

Data awdlabiilty-These data are available
from NCDC and CDIAC, The complete

! HCN data set (Karl ct al, 1990) is available
' from CDIAC,

•' Northern Rockies,.¢,,,,¢,.,,,,,,¢,,,,,,., ..... , ,,,,,H,,.,,, ......
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U.S. Regional Temperatures

TRENDS
On the basis of regional seas(ma[

temperatures (i,e,, maximum, minimum, t

average, and diurnal range) for the United ]
States, Karl et al, (1988a) concluded that the
climate has changed over the recent century ]
but that the changes for the most part have
not been monotonic, Instead, the changes
are somewhat unsteady and somethne,,_
occtlr over a relatively short pcrtod of time,

Karl et al, (1988a) also found a consid-
erable amount of detailed information for

each regional time series but reported that
their salient features often could be

summarized in time series plots for three

aggregated rt_gions: West, Central, and East,
For the aggregated West region, which
includes this subregion, Karl et al, (1988a)

reported that, since the relatively cool
period during the beginning decades of the

} century, annual mean temt)eratures have
remained relatively constant with the
exception of a number of tnttltiyear climate
flucttmtions.
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Northern Rockies

Year Ann* Win Spr Sum Fall Ann't" Year Ann*
1901 7,40 -2.53 6.54 17,85 8,25 7,53 ;."i 1945 6,80

1902 6.72 -2.33 5,58 16,76 7.34 6,84 iii 1946 7,18

1903 6,27 ---4,60 4.91 17,59 6,97 6,21 1947 7,23
1904 7,29 -3.02 5,91 17.12 8,95 7,24 1948 6,40

1905 6,80 --3,32 6,69 17.68 6,81 6,96 1949 6,36

1906 6.91 -3.21 5,42 17.26 7.23 6.67 1950 6,35

1907 6.73 -2,86 5,89 15,93 8,15 6,78 1951 6.01

1908 6,65 '-2,(_ 5.92 16,92 7,00 6,81 1952 6,84

1909 6.31 -3,64 4,57 17,87, 7,74 6,64 1953 8,05

1910 7.60 --.6,64 8,94 17.92 8,24 7,1 l 1954 7,28

1911 5.91 .--4,09 5,73 17,40 5,64 6,17 1955 5,78
1912 5,87 --3,97 4,40 16.74 5,76 5,73 1956 6,86

1913 5.99 -5,60 5,50 17.43 6,93 6,06 1957 6.63

1914 7.11 -3,21 7,17 17.61 7,91 7.37 1958 8.10
1915 7.13 --4.63 7,38 17,20 7.20 6,79 1959 6.98

1916 5,48 -5,46 5.91 17.11 5.65 5.80 1960 7,08

1917 6,25 ---6,77 2,59 17,96 8,77 5.64 1961 7,53

1918 7.14 -2,50 5,_ 18.41 7,81 7.40 1962 7.12

1919 6.57 -3;15 6,53 18,82 5,45 6,91 1963 7.61

1920 6,39 .-.4,18 4.20 i7,73' 6,45 6,05 1964 6.32
1921 7..36 -2.59 6.02 18,39 7.57 7,35 1965 6.96

1922 6.10 -6,28 4,11 19,21 8.16 6.30 1966 7.44

1923 6,45 -4,95 5.00 17,7.5 7.57 6,34 1967 7.63

1924 6.44 -3.54 5,72 17,05 7,13 6;74 1968 6,91

1925 7,60 -3.63 7,45 17.99 6,36 7,04 :,: 1969 6.95

1926 7,72 -l.56 7,(r'i 18,63 7,30 8,01 1970 6.93

1927 6,,29 -3,74 4.76 17.49 7.75 6,56 1971 6,50
1928 6,81 .-4,86 6,87 17.00 7.41 6,61 1972 6,70

1929 6.03 -7.66 5.33 18.42 6.53 5,66 1973 6,97

1930 6,53 -3,90 6.'.,'9 18,24 6,30 6,91 ili:. 1974 7,33

-3.56 6.69 19,35 6,88 7.34 ii 1975 6.091931 7.37

1932 6,26 -5,66 5.58 18,00 7,91 6,46 _:,.,ii 1976 7.14

1933 7.23 ---6,61 5.01 19.23 8.80 6,61 ii 1977 7,41

1934 9,26 0,48 10,19 18.75 8,48 9,48 ili 1978 6.67
1935 ,,,81 -2,65 4,97 18.11 6.')2 6,84 iii 197) 6.89

19._ 7.10 -5,31 6,98 19,41 7.27 7.08 !ii; 1980 7.28
1937 6.(,5 -7,06 6,19 18.20 9.12 6,61 :i 1981 8.08

19:38 7.46 -2.13 6,13 18,10 7.77 7,47 i!i 1982 6.30!!i
1')3') 7.92 -3,72 7.(_5 18,00 8.70 7.66 ::::i 1')83 7,25

1')40 8.26 -1,40 8.07 19.59 7.70 8,49 i!i t984 6,27

1941 7,68 -1,62 7,24 18.30 6,91 7,71 i:;:! 1985 5.81

1942 6,54 --4.7') 5.51 17,8.5 7.71 6.57 il 1986 7,96
l.gg3 7,09 -3,35 5.89 17.22 8,63 7.10 iii 1987 8.16
1944 6.59 -3.58 5.59 16,80 8,15 6,74 i_i

..................,...,,...............,..............i................................_....................... !!i

*Calendar year mean (Jan-Dec).

"lSeason year mean (Win = l)ec-Fcb; Spr = Mat'--M_Jy; Stun =" Jun-Aug; Fall = ,_l",-Nc, v),
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U.S. Regional Temperatures
.:_:_:':;:_:,_":::::':_::_;::_::1:_:_:_'._:_:::::_:'::';::;_:i:_:_:_:_:_:':::_:_;::::::::::::::::::::::::::::::;:::_::_'.:':_:_::',__;:_:_:::::_:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::',::::':::::5::::::I:::::;:_:::::_'4:::;:::_:_:_::::'4:;:_:_:_:I_::::_::::_I:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::l',::t::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::_::;_:_:;:::::::::::::::::::::::::::

Average Temperature (°C), 1901-1987 REFERENCES
Win Spr Sum Iqdl Annt Karl, T.R., G, Kukla, andJ. Gavin. 1984.

-2.88 5,32 17.55 728 6.81 Decreasing diurnal temperature range in'3.62 7.21 18,21 5,88 6,92

-2,71 7,24 17,50 7,40 7,36 the United States and Canada from 1941

-3,39 5,18 17.91 7,30 6.75 through 1980, Journal of Climate and

--8,77 7,37 17.92 8.02 6,14 Applied Meteorology 23:1489-1504.

-5,59 4,71 17,03 8,00 6,04 Karl, T,R., GI Kukla, and J, Gavin. 1986,

.... 2,45 5.25 16,89 6.44 6.53 ' Relationship between decreased
-5,88 5,83 17.76 8,1'7 6,47

--0,51 5,38 17,73 9.50 8,03 temperature range and precipitation trends
-1,75 5,91 17,13 8,24 7,38 in the United States and Canada,

-4,72 3.70 17,76 6,38 5.78 1941"1980. Journal of Climate and Applied

-4,1,', 6,42 17,82 7.17 6,82 Meteorology 26:1878--86. _
-.4,70 6.10 17,70 6.78 6.47 Karl, T,R., C,N. Williams, Jr., P.J. Young,
•--0.95 6,61 18,58 8,04 8.07
-2.17 5,91 18.23 6,53 7,13 and W.M, Wendland. 1986, A model to

-4.21 6,38 18,47 8.13 7,19 estimate the time of observation bias

-1.82 6.36 20.23 5,(k_ 7.6-1 associated with monthly mean maximum,
•-4.72 5,99 1%05 8,94 6,82 minimum, and mean temperatures for the

.2.37 6,36 17,69 9,82 7,87 United States.Journal of Climate and
-4.07 4,68 17,31 7134 6,31 '

-2.81 4,98 17.33 7,90 6,85 Applied Meteorology 25:145-60.
-3,63 6,84 18.05 8,61 7,47 Karl, T.R., R.G. Baldwin, and M.G. Burgin.

-1.67 5,34 18,56 8,96 7.80 1988a. Time series of regional seasonal .

-3,19 6,31 17,35 7.26 6,93 averages of maximum, minimum, and
-4,_) 6.56 17.89 7,26 6,68 average temperature, and diurnal
-1.66 4,95 19.03 6.12 7.11 temperature range across the Un ited States:-3,27 5,51 18,32 5,94 6,63

--4.52 7,00 18,02 6,58 6,77 1901-1984.Historical Climatology
-5,02 5,90 18,13 7.25 6,56 series 4-5. National Climatic Data Center,

-3,04 6,35 18,30 8.10 7.43 National Oceanic & Atmospheric
-3.90 4.01 17,15 6,73 6,00 Administration, National Environmental

"2.16 5,68 17,16 8,05 7.18 Satellite, Data, and Information Service,-2.76 6,27 18,70 7,53 7.43

-2,66 6.51 17,52 6.87 7,06 Asheville, North Carolina.

-.7..34 6,46 18.29 8,00 6,35 Karl, T.R., H,F, Diaz, and G, Kukla. 1988b. i

-2,,42 6,56 17,02 7._) 7.28 Urbanization: its detection and effect in the i

-0,74 7.20 i7,99 8,27 8.18 United States climate record. Journal of
.3,77 5,44 17,84 6,33 6,46

-1,46 6.01 17.95 7,99 7.62 Climate 1:1099-1!23.

-5.67 5.77 17.98 6,37 6,11 Karl, T.R., C,N. Williams, Jr., and

--6,(ul 7,10 18.56 4,51 5,88 F.T. Quinlan. 1_. United States Historical

-3,27 7,85 18.96 6.85 7,60 ii Clhnatology (HCN) serial temperature and

-2,47 8.57 17.89 8,86 8,22 iI precipitation data. NDP-019/R1. Carbon

i Dioxide Information Analysis Center, Oak

i Ridge National Laboratory, Oak Ridge,

ii ' Tennessee.

227



i

Southern Rockies
:::::$:_.._.2:.'.:.`i._:::_.:.._X_:_._:::$:::.`2:::_::::.:_._2.`._.$::_.::::._:_.::_._:_::_.::_.x:_._._.:$$_::::_._X_._:._._._.::::.`.::_$:_.`2:._::::'.._;.::::::::.`_::::::_::::_._:_._:_:_..._:_¥_:.:_q:_v_v`..$$$.i_._:_::._.._:::..`.<_::_:q:_..._<:_.$_i./.$_:$_:_:._(._).._f_._.?.:'.:$..::.`_._._?.:_._?3._:_.:._.:_:_:_:_:._.`2_/_._'_._.<_..$_._.<:'<':::_._'_ :::f'''f':': _::::::':::':"'<::::_;:_:::::::_.'f.:':::":_:':::':_:_._

BACKGROUND ...... ..

Principal lnvestigat0_i !:::II:II::/:_: i: :: .... _,
Thomas R, Karl o
RonaldG.:Baldwin:: .... : ::':.::

MichaelG, Burgin :.....: ::: :": .....:: O [
National OCeanic! and:Atmospheric:::: ._ 10
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U.S. Departrnent of Commerce 21 Ii l

_. NationalOceanic and

Atmospheric AdminiStration 8 -
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" I_

Carbon Dioxide Research Program 0

Period of record- 1901"198%

Method- After comparing each station's Z -
data in the 1219-station Historical ' _ ' '"_ ' _'

i:Climatology Network (HCN) (Karl etal: 1900 1930 1960 1990

1990) to. data from its twenty nearest Annual calendar year average temperature.
neighbors, stations were selected.based on
confidence, missing data, and consistency
criteria. Ali data were adjusted .for time of
observation biases, station and ins_ument

!. changes, and urban heat island biases.
! Twenty, three regions were formed by.
!_subjectively considering the climate
i characteristics across the country, the
: terrain, the continentality, andthe

vegetation; .As an additional constraint, each
region was required to haveboundaries
coinciding with NCDC's climate divisions. ,:

For further details see Karl etal. (1988a). !e

Data availability-These data are!available i
: from NCDC and CDIAC. The complete i. t

iiHCNdataset(Karl. et al. 1990)is available I
i: from CDIAC. '' ' I
i t Southern Rockies
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TRENDS i
!

On the basis of regional seasonal i
temperatures (i.e., maximum, nfinimum, i
average, and diurnal range) for the United
States, Karl et al. (1988a) concluded that the
climate has changed over the recent century !

but that the changes for the most part have i
not been monotonic. Instead, the changes
are somewhat unsteady and sometimes i
occur over a relatively short period of time. i

Karl et al. (1988a) also found a consid-
erable amount of detailed information for

each regional time series but reported that
their salient features often could be

summarized in time series plots for three
aggregated regions: West, Central, and East.
For the aggregated West region, which

. includes this subregion, Karl et al. (1988a)
reported that, since the relatively co01
period during the beginning decades of the

83 century, annual mean temperatures have
remained relatively constant with the
exception of a number of multiyear climate
fluctuations.
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Southern Rockies

Year Ann* Win Spr Sum Fall Annt Year Ann*
1901 9,65 -0,11 8,63 19,32 10.59 9.60 1945 8.79

1902 8.98 4),91 8,47 19.37 9,56 9.12 1946 9,05
1903 8.27 -3.22 .8,06 18.81 9,4i 8.26 1947 8,40

1904 9,CD -1.52 9,67 18,68 9,40 9.06 1948 8,42

1905 8,71 -1.51 8.35 19,11 9,71 8,91 1949 8,58
1906 9,21 -2,24 8,97 18,65 9.56 8,73 1950 9,48

1907 9,44 1,23 9.21 18,13 9,91 9,62 1951 8.52

1908 8.39 -1,06 8;46 18.61 8,24 8.56 1952 8,17

lt.._ 8,26 .--1,82 6.32 19,67 9,92 8.52 1953 8.70
1910 9,75 -3,58 10,20 19,83 10,74 9,30 1954 9,71

1911 8,59 --0,45 925 18,06 9,02 8,97 1955 8,17
1912 7,73 -3,29 7,28 18,28 8,21 7,62 1956 8,71

1913 7,97 -3,98 5,63 18,76 9,64 8.01 !957 838
1914 9,14 -2.39 9,46 18,82 : I0,26 9.04 1958 9,13
1915 8,01 -3,19 7,42 18,24 9,07 7,89 1959 9,06

1916 8,73 -1,12 9,01 18,48 9,04 8,86 1960 8,55

1917 8,09 -2.96 5,22 18,43 10.25 7,74 1961 8,49

1918 8,83 .-1.49 8,70 19,98 9,45 9,16 1962 8,86

1919 8,27 -3,54 8,42 18,98 8,64 8.13 1963 ' 9.08

1920 8,42 .-.0,39 7,12 18,77 8,82 8.58 1964 7.58

1921 9,45 -1 A2 8.58 18.52 10,55 9,06 1965 8,24
1922 8,13 -1.64 7,02 19,26 8,71 8,34 1966 8,64

1923 8,54 -1,04 7,79 18.97 8,44 8,54 1967 8,64

1924 8,74 -1,23 7.19 19,81 9,95 8,93 1968 8,02

192.5 8,88 -2,46 9,46 19,31 8,74 8,76 1969 8,95

1926 8.32 '2.49 7.73 18,53 10,15 8,48 1970 8.40

1927 8,67 -1.26 7.38 18,59 10,12 8.71 1971 8,17

1928 8,70 -2,59 8,76 19,00 9,71 8,72 1972 8,59
1929 8.56 --4,07 7,74 19,63 9,13 8,11 1973 7,60

1930 8,85 0,11 8,24 19,60 8,67 9,15 1974 8,13

1931 9,04 - 1.50 8,63 19.76 9.82 9,18 1975 7.20
1932 8,83 -2.81 8,24 19,41 9,88 8,68 1976 "/,99

1933 9,22 -2,70 7,91 19,69 11,21 9,03 1977 8,99

1.934 10,19 -4),06 10,89 19,94 9,95 10,18 1978 8.53

1935 8,63 ---0,76 7,12 19,34 9,24 8,73 197) 7.75

1936 9,27 --0,92 9,05 20,09 9,09 9,33 1980 8,64

1937 8,73 -3,79 7,71 19.56 10,91 8,60 1981 9.64

1938 8,94 --0.40 7,69 19,32 9,13 8.93 1982 8,49

1939 8,95 -3,02 8.92 19.47 9.95 8.83 1983 855

1940 9.4'1 -0.68 9,10 19,90 9,93 9.56 1984 8,48

1941 8,83 -0.42 7,93 18.(g'_ 9.28 8.87 19R5 8,54

1942 9,24 -1,68 8,24 19,68 10,41 9,16 1986 8,94

1943 9,86 0,22 10.19 20,22 9,99 10,16 1987 8,25
1944 8,30 -2,77 6,66 19,15 9,65 8,17

........,.....,,..,...,...:,,.......,,,....,.,,.,,....,....,.,........,..,...,.,.............: ...,....,,..,....

*Calendar year mean (Jan-Dec),

"l'Season year mean (Win = l)ec-Feb; Spr = Mar-May; Sum = Jun-Aug; Fall = Sep-Nov),
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U.S. Regional Temperatures

Average Temperature (°C), 1901-1987 '........................... ...........................

Win Spr Sum Fall Ann, Karl, T.R,, G, Kukla, and J, Gavin, 1984,
-o,94 7,26 19,15 9,_ 8.84 Decreasing diurnal temperature range in
-1,97 8,84 19A6 8,89 8,80

-1,03 7,96 18,69 9,48 8,78 the United States and Canada from 1941
-2,54 6.73 18,94 9,31 8.11 through 1980. Journal of Climate and
-2,15 8,07 18,62 10,59 8,78 Applied Meteorology 23:1489-1504,
•-o.91 , 8,59 17.96 10.92 9,14 Karl, T,R,, G, Kukla, andJ, Gavin, 1986,

--0,16 7,20 19,12 9,13 8,82 Relationship between decreased-2,18 6,88 19.20 9,20 8,27 ,

-1,65 7,07 19,29 9,89 8,65 temperature range and precipitation trends
-4),17 8.81 18,74 11,04 9,60 in the United States and Canada,

-3,23 7.04 18,26 9.98 8.01 1941.-1980, Journal of, Climate and Applied
-0,89 8,.30 19,09 9,26 8,94 Meteorology 26:1878-86.
0.13 7.09 19,10 8.11 8,61 Karl, T,R,, C,N, Williams, Jr., P J, Young,

-0,84 7,20 19,'n) 9,69 8,96
0,03 8,09 19.(,2 9.23 9,24 and W.M, Wendland. 1986. A model to

-3,07 8.43 19.55 10,02 8,73 estimate the time of observation bias
-1,75 8,17 19.44 8.15 8.50 associated with monthly mean maximum,
-1,84 7.21 18.43 10,60 8,60 minimum, and mean temperatures for the
--0,67 8,17 18,79 11,03 9,33 United States. JottrnalofClimate arid
-4,07 6,34 18161 9,19 7,52
-1.72 6.08 18,16 10,10 8.15 Applied Meteorology 25:145--60.
-3,00 8,75 !9.16 9,81 8.68 Karl, T.R., R.G. Baldwin, and M.G. Burgin,
-1.27 8.03 18.45 10.03 8.81 _ 1988a, Time series of regional seasonal
-1,80 6,45 18,14 9,16 7,99 averages of maximum, mitliml_m, and
-1.42 7.59 19,34 9,10 8,65 average temperature, and diurnal
--0.15 6,57 19,07 8,63 8,53

n

-1,01 7,44 18,87 8,22 8,38 temperature range across the United Slates:

-1,78 9,05 18,71 8,39 8,59 1901-1984. Historical Climatology
-3.23 5,81 18.20 9.15 7,48 Series 4-5, National Climatic Data Center,

-3,09 7,95 18,95 9,47 8,32 National Oceanic & Atmospheric
--4,05 5,04 18,._ 9.17 7,13 Administration, National Environmental
-2.23 6,81 18,33 8,63 7,88
-1,86 7,17 19,_ 10.21 8,72 Satellite, Data, and Information Service,
-0.53 7,58 18.98 9.79 8.95 Asheville, North Carolina.
-3.83 6.09 18,28 9.45 7.49 Karl, T,R., H,F. Diaz, and G. Kukla. i988b,
--0.52 5,15 19.42 9.50 8.39 Urbanization: its detection and effect in the

1,05 8.01 19,80 10.40 9,81 United States climate record. Journal of '
--0,72 7.54 18,83 9,29 8,74

-2..30 5,74 19.10 10,74 8,32 Clitnate 1:1099-11123,
-1.80 7,76 19.04 9.16 8.54 Karl, T,R., C.N. Williams, Jr,, and
-2.48 8.15 19.51 9.19 8.59 F.T, Ouinlan, 1_,uXI.united States Hi,_'torical

-0,(,3 8.57 19,28 8,48 8,93 Climatology (HCN') serial temperat'.tre and
-2.21 6,74 18.79 9,86 8,29 precipitation data. NDP-019/Rl. Carbon

Dioxide Information Analysis Center, ()ak

Ridge National Laboralory, Oak Ridge,
Tennessee,

....,..,......,,...`___.._.'._..__w..__._`..__.._....._...È.____...____._.....__.....L.._._._._`..._............._._......_.._.._....- ,.,.,..,...................,...-,...,,,..........w........a
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U,S, Department of Commerce D " J [= j I

National Oceanic and ,_Atmospheric Administration
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Period of record- 1901-1987. _ -

Method- After comparing each station's 5- _ ........ I
data in the 1219-station Historical , _ , i ,

Climatology Network (HCN).(Karl et al. 1900, 1930 1960 1990

lc.D0) to data from its twenty nearest Annual calendar year'average temperature.
i neighbors, stations were selected based on
' confidence, missing data, and consistency ::

criteria. Ali data were adjusted for time of :_
observation biases, station and instrument _

changes, and urban heat island biases, _: '__

Twenty-three regions were formed by

subjectively considering the climate _ ::!_ii_characteristics across the country, the _:
terrain, the continentality, and the _

vegetation, As an additional constraint, each i _ll!t1!il!_i'
region was required to have boundaries ::
coinciding with NCDC's climate divisions, '::
For further details see Karl et al. (1988a). _:

Data availability- These data are available _

from NCDC and CDIAC, The complet e _:

HCN data set (Karl et al. 1cY_) is available _:I

from CDIAC.
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U.S. Regional Temperatures
:::::: :::$:::::::_ ::............... ; : ....................... ,,, • ,.......... , ,........ _ ,,..,....,.. ...... , . , • ..... ,,.... ,_ _, • .....•' _ ......... ,., ...... ,. ,,,...',,,, ..... ,.,,.,,e,,.,. ,,,,,,.,,.,.,...._,.,._',,A..,..',.e,

On the basis of regional seasonal i t
temperatures 0.e., maximum, minimum, !
average, and diurnalrange) for the United
States, Karlet al.(1988a) concluded that the
climate has changed over the recent century
but that the changes have not been
monotonic for the most part. Instead, the
changes are somewhat unsteady and
sometimes occur over a relativelyshort
period of time.Karl et al. (1988a) also found
a considerable amountof detailed
informationforeach regionaltime series but
reported that their salient features often
could be summarized in time series plots for
three aggregated regions:West, Central, and1

East. For the aggregatedCentral region,
which includes this subregion, Karl et al,
(1988a) reported that the annualaverage

temperature time series canbe divided into
3 three epochs: a cool beginning until the

_ 1920s,followed by several decades of warm
weather until about 1%0, and a somewhat

. cooler period that was not as cool as earlier
in the century.

!i i
i. }

i t
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SNorthern teppes

Year Ann* Win Spr Sum Fall Annt Year Aam*
1901 ' 7,47 -4,35 6,61 19,95 8,65 7,71 1945 7,02
1902 7,01 -4,08 6,4{, 18,59 7,62 7,14 1946 8,31

1903 6,38 ..6,34 5,05 18,30 7,32 6,08 1947 7,33

1904 7,37 -3,72 6,01 18,12 9,10 7,38 1948 7,23

1905 6,41 -5,90 5,87 18,51 7,53 6.50 1949 7,22
1906 6,92 -2,87 4,70 17,80 7,31 6,74 1950 6,89

1907 7,05 -3,10 5,64 18.25 7,90 7,1.7 195l 5,96

1908 7,17 -2,84 6,38 17.98 7,63 7,29 1952 7,70
1909 6,51 --4,46 4_31 19.89 8,35 7,02 1953 8,49

1910 8,32 '7,25 9,30 lq' 63 9,02 7,68 1954 8,59

1911 7,07 -3,55 7,32 19,14 6,47 7.35 1955 7,04

1912 5,80 -5,84 3,62 17,94 6,63 .5.59 1956 7,93

1913 6"55 -6,18 5,53 19,75 7,87 6.74 1957 7,26

1914 7,72 --4,44 6,67 19,89 9,67 7,95 1958 7,92

1915 6,64 -5,'T) 5.53 16,72 8,35 6,20 _:ii! 1959 7,31
1916 6,18 -5,86 6,49 19,22 6,73 6.(,4 !i I'X_ 7,62

1917 6,25 -7,06 3,12 18.76 8.91 5,93 iil 1961 7,64
19"18 7,15 -5,86 6,63 19,92 7,35 7,01 ::11962 7,64

19"19 7.16 -3,50 6,42 20,91 5,77 7,40 1963 8.52

1920 6,68 -4,06 4,01 18.62 7,40 6.49 ili 1964 7,23
1921 8,33 -2.54 6.59 20.23 8,90 8,30 1965 7,20

1922 6,95 -6.39 5,67 20,24 8.'78 7,07 1966 7,50

1923 7.08 --4.12 5,14 19.20 7.61 6,95 1%7 7.55

1924 6,22 -3,83 3.60 18,86 8,20 6,71 1968 7,28

1925 7.58 -4,75 7,92 19,09 6,20 7,11 1969 7.56

1926 7.58 -2.59 6,84 19,22 7,43 7.72 1970 7.42
1927 6,49 .-4,02 5,34 17,71 8,22 6.81 1971 7.24

1928 7,17 -4.85 6,82 17,65 731 6.78 1972 7,07
1929 5,89 -7,76 5,40 19.88 5,73 5,81 1973 7,44

1930 7.15 -5,32 6,M 19,93 7,46 7,10 1974 8,01

1931 8.57 -1.32 5,84 21,08 8,72 8.58 1975 6,95

1932 7,03 -3.84 5,68 20,18 7,96 7.49 !976 7194

1933 8,41 -6.18 6,00 21,23 9,')8 7.76 1977 8,23

1934 9.50 --0,55 9.17 21.10 9,00 9,68 1978 6,48

1935 7,62 -1.91 4.81 20,11 7.53 7,63 1979 %01
1936 7,63 -7.34 7,29 22,32 8,19 7.61 1980 8,11

1937 7,01 -7,19 i 6,33 20,60 8,72 7,12 1981 9,00

1938 8,34 -3,48 7112 20,40 8,95 8.25 1982 6,83
1939 8,59 -4,44 7,88 20,05 9,62 8.28 1983 7,44

1940 8,18 -3,68 7,16 20,92 9,03 8..% 1984 7,39
1_ 1 8,18 - 1,86 7,10 19,60 8,07 8.23 1985 6,63

1942 7.28 --4.(_3 6.52 19,10 8,07 7,27 1986 8,47

1343 7._) -2,44 5,82 20,02 8,61 8.00 1987 8.64

1944 7.15 -3,35 ,5,21 18,82 8.70 7,35

______._'__..__`_.____.v'°_.e___......__._____.___.___..._.'._____.'_.`°°_.___...'___.____._.__o,°,'.'.',°,'.

*Calendar year mean (Jan-Dec).

"{'Seasonyear mean (Win = Dec-Feb; Spr = Mar-May; Sum = .lun-Aug; Fall = Sep--Nov),

TRENDS '90
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U.S. Temperatures
',#_.+..y:: ;:: _. :: :::: ::::::::: _: _: : : ;: : .... _ ..................... ,.

Average Temperature (°C), 1901-i987 ' ...........................RE'_E'R'E'N'C'ES............................

Win Spr Sum Fall Annt Karl, T_R,, G, Kukla, and J, GaVin, 1984,

-3,76 5..52 18,44 8,24 7,11 Decreasing diurnal temperature range in-2,89 8,15 19,69 6,84 7,95
-3,19 5,37 19,39 8,18 7,44 the United States and Canada from 1941
•-4,17 6,28 19,52 8,35 7,49 through 1980, Journal of Climate arid

.-8,03 7,28 19,92 9,21 7,10 Applied Meteorology 23:1489-1504,

.-4,37 4,36 18,18 8,36 6,63 Karl, T.R,,G, Kukla, and J, Gavin. 1986,

-3,10 4.55 17,78 6,51 6,43 Relationship between decreased-.4,63 5;86 20,38 7,95 7,39
'1,78 5,47 20,16 10,04 8,47 temperature range and precipitation trends
-1,22 5,53 20,3t 9,27 8,47 i in the United States and Canada,
-4,38 6,15 19,90 7,M 7,25 1941-1980, Journal of Climate and Applied

-.4,27 6,32 20,13 8,63 7,70 Meteorology26:1878-40,6.
-3,76 5,32 19,68 7,15 7,10 Karl, T,R., C,N. Williams, Jr., P,J Young,-1,06 5,93 19,03 8,99 8,22 '
•-4,49 5,87 20,69 6,28 7,1y) _i and W.M, Wendland. 1986, A model to

.-4,04 6.57 20,22 8,95 7,92 :, estimate the time of observation bias
-2,19 6..34 20,68 6,27 7,77 :' associated with monthly mean maximum,

-5.65 6.71 18,80 %12 7.32 minimum, and mean temperatures for the

-3,91 7,40 20,62 11,07 8,79 United States, Jourtlal oj Climate and-4,04 5..51 19,69 7,9,1 7,27
-3,91 4,63 18,84 7,_) 6,88 Applied Meteorolol_, 25:145--60,
-4,80 7.02 19,91 850 7,(_6 Karl, T.R,, R.G, Baldwin, and M,G, Burgin.
-2,42 6,45 18,68 8,55 7,82 19884. 7_me series of regional seasotlal

•-4,20 6.1,1 18,93 8, l0 7,24 averages ofmaximllnl/minimutn, and

-5.31 6.93 19,55 7,67 7,21 average temperature, and diurnal-2,3(I 5,14 20,63 6,85 7,58
-4.23 6,07 20,07 7,21 7,28 temperature range across the United Slates:
-4,31 7,67 19,21 6,84 7.35 1901-1984.Historical Climatology
-5,31 5216 19,94 7,77 7,07 Series 4-5, National Climatic Data Center,

-3,50 7,48 19,82 8,17 7,99 National Oceanic & Atmospheric

-4,33 4,(_ 19,_ 7160 6,83 Administration, National Environmental-1.91 6,71 19,77 7,3'7 7,98
-3,24 7.86 20,35 8,59 8,39 Satellite, Data, and Information Service,
-6,70 6,87 19,44 7,87 6,87 Asheville, North Carolina,

-.8,71 6.42 19,,12 8,31 6,36 Karl, T.R,, H,F, Diaz, and G. Kukla. 1988b,
-358 6.53 20,48 8,76 8,05 Urbanization: its detection and effect in the

-o,(g_ 8.19 19,91 9,41 9,21 United States climate record. Jollrtlal of--4,(xq 5,96 19,28 6,93 6,87
-0,97 4,95 20,.38 8,47 8,21 Climate 1:1(_)9-1123,
-5,85 5,98 20,29 6,91 6,83 Karl, T,R., C.N. Williams, Jr,, anti
4L17 8,47 19,71 4,72 6,68 F,T. Ouinlan, 11990.United States Historical

-3,16 8,27 20,29 7,22 8,15 Climatolok_, (HCN)serial temperature and

-1,51 8.18 19,66 8,62 8,74 precipitation data, NDP,.019/RI, Carbon
:! Dioxide Informati0_a Analysis Center, Oak

i Ridge National Laboratory, Oak Ridge,;i

!.. Te.n..n..,cS.se.e,....................................................................................................................................................
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Method- After comparing each station's
data in the 1219.station Historical 13 - I.... I _ I ...... I ..... l-

Climatology Network (HCN) (Karl et al. 1900 1930 1960 1990
1990) to data from its twenty nearest
nelghbors, stations were selected based on Annual calendar year average temperature,

confidence, missing data, and consistency
criteria. Ali data were adjusted for time of
observation biases, station and instrument
changes, and urban heat island biases, g'x

Twenty-three regions were formed by -- ._
subjectively considering the climate
characteristics across the country, the

! terrain, the continentality, and the
i vegetation. As an additional constraint, each

region was required to have boundaries ::..

i coinciding with NCDC's climate divisions,
i For further details see Karl et al. (1988a).

Data availability-These data art" awfilable '_iiiii:=

from NCDC and CDIAC. The complete "_
HCN data set (Karl et al. I_X)) is awdlable
from CDIAC,

Southern Steppes
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U.S. Regional Temperatures
_,_,"_'_'_'_'_'q_'_:_,_'_:_".:lq'_._._'___',!_'l".q.,'_'_:',:::,_.',¢__ .__'.I_'_'_'__¢,'.'q__._',:,',.,q_,'_q_'_'_,I'_I",_'I:,,.._',,',',',".,,,.,','_,__'_I, __.,q_,,I._,.._',',.____,,'q'_,".:,._.._'__,';, ,:_,.._,,_'I_

TRENDS

On the basis of regional seasonal
temperatures (i.e., maximum, minimum,
average, and diurnal range) h_r the United
States, Karl et al. (1988a) concluded that the
climate has changed over the recent century
but that the changes have not been
monotonic for the most part. Instead, the
changes are somewhat unsteady and
sometimes occur over a relatively short
period of time. Karl et al. (1988a) also found
a considerable amount of detailed

information for each ,'eglonal time series but !
reported that their salient features often
could be summarized in time series plots for

three aggregated regions: West, Central, and
East. For the aggregated Central region,
which includes this subregion, Karl et al.
(1988a) reported that the annual average
temperature time series can be divided into

0 three epochs: a cool beginning until the
1920s,followed by several decades of warm
weather until about 1960,and a somewhat
co, ter period that was not as cool as earlier
in tire century.

TRENDS '_)0
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Year Amt* Win Spr _unl Fail Annt Year Ann*
1901 15,30 4,33 14,27 26,51 16,47 15,39 I_L_ 15,06

1002 15,24 3,81 16,15 75,57 15,47 15,25 1946 15,80

1(X)3 13,77 2,79 13,70 23,79 14,55 13,71 1947 14,79
10(14 14,90 4,97 15,53 24,00 15,24 14,94 1948 14,88

1905 14,38 I,M 15,30 25,13 16,03 14,53 1949 14,93
1_16 14,70 4,21 14,13 24,23 14,42 1,125 1950 15,54

1907 15,62 7,74 15,27 25,16 15,49 15,92 1951 15,22

VXI8 15,34 5,(_) 15,04 24,82 14,98 15,21 1952 15,49
1909 15,27 6,20 14,,13 26,09 1(3,24 15,74 1(953 16,04

1910 15,90 2,73 16,16 26.31 16,73 15,48 19.54 16,66

1911 15,(_q 6,00 15,98 26,38 15,51 15,97 1955 15,45

1912 14,11 1,08 13,69 2,1,97 15,27 13,98 1956 15,93

1913 14,38 2,80 l,l,f_) 25,41 15,08 14,47 1957 15,07

1914 14,85 4,41 14,31 25,17 16,00 14,97 1958 14,77

1915 14,60 3,40 12,96 24,10 16,26 14,18 1959 14,(gi

1916 15,45 5,75 15,88 25,74 15,02 15,60 1900 14,49

1917 14,69 ,1,65 13,28 25,46 15,,10 14,70 1961 14,46

1918 15,13 3,42 15,63 26,77 14,61 15,11 1962 15,53

1919 14,01 2,95 14,08 24,11 15,11 14,06 1963 15,84

1920 14,67 4,75 14,23 2,1,31 15,21 14,63 1_,1 15,20
1921 16,20 5,83 15,54 25,52 17,05 15,99 19(_S 15,25

1922 15,42 4,83 14,61 25,88 16,18 15,_ 1966 14,64

1923 14,97 6,37 13,98 25,73 14,56 15,16 1%7 15,34

192,1 14.55 4,18 12,75 2.5,96 16,42 14,83 1968 14,49

1925 15,82 3,89 17,49 26,46 14,80 15,(ffi 1969 14,98

1926 14,92 4,92 13,67 24,!10 16,0'7 14,89 1970 14,73

1927 15,77 5,43 16,17 24,88 17,18 i5,9l 1971 15,18

1928 14,79 3,79 14,51 24,89 15,27 1,1,61 1972 15,07

1929 14,50 2,83 15,17 25,68 14,01 14,42 1973 14,62
1930 15,06 4,31 15,33 25,82 15,49 15,24 197,1 15,18

1931 15,56 4,78 13,02 Z(;,_'6 17,92 15,39 1975 i4,78

1932 14,78 5,71 14,,11 25,77 14,51 15,10 1976 14.53

1933 16,65 3,88 15,86 26,49 18,01 16,06 1977 15,80

193,1 16,98 6,8,1 16..34 27,98 17,48 17,16 1978 14,67

1935 15,88 6,67 15,60 26,23 15.55 16,(11 1979 14,38

1936 15,4,1 3.53 16,28 26,88 14,70 15,35 1980 15,37

1937 15.13 3,85 14,97 26.63 15,65 15,27 1981 15,67

19_ 15,91 5.41 16,02 25,84 15,86 15,78 1982 15,09

1939 15.84 4,79 15,79 26,07 16,39 15,76 1983 14.54

19,10 14,61 3,40 14,98 2,1,76 15,47 14,65 198,1 15.25

1941 1,t,89 5.41 13,9,1 24,35 15,91 14.0(/ 191.15 15,15

1942 14,77 4,2,1 14.50 25,00 15,49 14.81 1986 15,67

1943 15.33 5,83 14.86 26,57 14,78 15.51 1987 14,89

1944 14;91 4,42 13.87 25,53 15,65 14,86

' Calendar year mean (Jan-l)ec),

tSeason year mean = (Win = l)eeM,'eb; Spr = Mar-May; Sum = .fun-Aug; Fall = Sep-N(w).
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U.S. Regional Temperatures
_:;Ii_1:_11:_:I;iII'q;':I:_Ii_I_:I:',_:;_:I:I;',;'.'q'l:I:',"I:I:_:_:_',_I;:_Ii_.::_;1'411;f._:',i_;l;_Ib;_:i_;"I:I:_:I:',:;:_;',::I_:_':;I',',II',:_:III_',_I_;i:l!I:_;f_:l'4"_:_:_;',:',:I:_;I:_;I'.'.'?',;;:_:I;_;:_;;:'_''J::11',"3;;:P,:::I;::'.";11"_"',;_'.',"II;_')_:I:_:III:I:_',;;l;I:;;_;;;,.;.I_:,,;:If,'._:l:I:,,',,;;:;;I',:;;,_l:f,,:;',;:',I?,;,,:;;,',I;;:::,',,,1,:,;_:I;,:,I;'.,,If,,.i_;f.I__;_:_;I;':i;__:;'.:l;fq::',;1'I;;_I;f'l_P,;5'.;',;',:;_:;'.;;I',i:;":;;:;;l:;I:;;'.;'.;l:;:_:_;;:;_

Average Temperature (°C), 1901-1987 ....................................:................R'E_E[_'ENC'ES ........................................................

Win Spr Sum Fall Allil]" Karl, T,R,, G, Kukht, and J. Gavin, 1984,,1,48 15,03 2,1,77 16,07 15,09
4,69 16,16 Z5,70 1.5,37 15,48 Decreashlg diurnal temperature range in
4,,17 13.57 25,54 16,40 15,00 the United States and Canada from 1941

3,10 15,07 Z5,61 15,21 1,1,75 through 198(I, Joy,real of Climate at_d

4,02 14,70 2,1,96 16,22 1,1,98 ,,lpplied Meteorolol._, 23:1489-15(14,
6,33 1,1,81 2,1,76 16,30 15,55 Karl, T,R.,, G, Kukla, and J, Gavltl, 1986,

5,03 14,&q zs,91 15,35 15,22 Relationship between decreased6,82 14,03 26,95 1,t,59 15,60
6,()7 15,45 2631 16,07 16,10 tempcraturt_ range and precipitation trends
6,18 15,)1 27,15 16,96 16,,tl iii the United States and Canada,

5,ID 15,93 2.5,2,1 _,5,98 15,56 1941-1980, Journal of Climate and Applied
4,81 15,77 26,,1a 16,28 15,83 Meteorology 26:1878--86,

6,62 13,60 2.5,82 14,05 15,02 Karl, T,R,, C,N, Williams, Jr,, P.J, Young,5,17 13,03 25,88 15,81 14,97
4,06 14,52 zs,21 14,37 1,1,54 and W,M, Wendland, 1986, A model to
3,_) 14,t3 25A5 16,08 14,74 esthnate the thne of observation bias

,3,8'7 14,93 2,139 14,4,1 1,1,41 associated with monthly mean maximum,

,121 IS,tD 25,60 1(,.53 1535 minimum, and mean temperatures for the
3,86 16,88 26,56 17,,19 16,19 United States. Journal of Climate and2,61 15,09 262,1 15,77 14,93
5,02 13,98 25,18 16,32 15,12 Applied t_,leleorololo, 25,145--g_0,
3,32 15,13 z5,,15 15,61 14,_8 Karl, T,R,, R,G, Baldwin, M,G, Burgin.

,1,80 16,75 2,1,87 15,05 15,37 1988a. Tittle series of regional seasonal

3,97 13,94 24,73 15,13 1,1,4,1 averages of m(lA'i/tll#tl, mitffm_tm, and I
535 13,.11 Z5,72 1,1,78 14,8_
5,05 13,65 ZS,40 1,1,33 14,61 average temperatttre, and diun_al !
6,07 14,81 24,97 15131 15,29 temtot:rtlltlre ratlge across t/Zt: United States; i
5,M 16,48 2,1,93 14.,19 15,39 1901-1984, Historical Climatology :i
3,00 13,75 2,1,66 16,20 14,,10 Series 4-5. National Climatic Data Center,

,1,76 16,87 zq,12 1,1,,12 15,29 National Oceanic & Atmospheric :_
433 14,17 2,1,8,1 14,98 1,158 i ' 'Adm ntstrat_on. National Environmental '
6,M 14,68 24,63 13,(_) 14,(_1 ., ,

Scrv ck.3,92 15,33 26,28 16,'._9 15,63 Satelhtc, Dala, and lnformatic, n ' i .
2,46 15,47 Z%95 15,88 1,1,9,1 Asheville, North Carolina,
1,9,1 1,I,62 24,7,1 15,31 14,15 Karl, T,R,, H.F, Diaz, anti G, Kukla. 1988b,
5,(10 13,86 27.1(i 15,21 .15,29 Urbamzat_(' ' _n: its detection and effect in

5,89 15,52 2.5,60 16.11 15,78 the United States climate record. Jottnlal
,1,10 15,23 2.5,,15 15,77 15,14
,1.43 13.,11 Zq,40 16,65 14.97 of Climate 1:1(_}9-1123,
2,58 14,65 Z5,95 i5,08 i,1,56 Karl, T,R., C,N, Williams, Jr., and
,I.51 16,35 zs,65 15,65 15,54 F.T, Ouinhm. 1990. United States Historical

5,61 16,21 25,,13 15,07 1558 Clinlatology (HCN)senal temtwratttre and

,t,96 1,1,12 2.5,11 15,52 14,93 preco_itatiot_ data. NDP-019/R1, Carbon
Dioxide Information Analysis Center. Oak

Ridge Nal ional Laboratory, ()ak Ridge,
Tennessee,
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BACKGROUND
10-

Principalinvestigators

Thomas R. Karl o¢_
Ronald G, Baldwin

.. Michael G. Burgin +'. _ 1!
National Oceanic and Atmospheric :2 ,_

Administration "_ 8 !i it
National Climatic Data Center _ _! I t

+++,! t i'. +!
Federal Building ra i

_1 il +
U.S.A. 7- ii +i ++Asheville, North Carolina 28801,

Sponsoring agencies .... ,, i! ;+_ + +li_U.S. Department of Commcrce _ i +,+ i _ +, ; _ ++ ! +
z +.!it i, i_" : '.,

National Oceanic and _ t',_ 6- + _' _ : + ii i_ "_ ++_ ' [ + " '
Atmospheric Administration i, _ i + i ii i t :! !i

" i :+ '+ _ I
U.S. Department of Energy , _' _= i

Carbon Dioxide Research Program _ tl:l 5 + ....

Period of record - 1_} 1.,-1987. i :_

Method-After comparing each station's
data in the 1219-station Historical _ 4-i + I + _ " I i"

Climatology Network (HCN) (Karl ct al. _ 1900 1930 1960 1990
' 1990) to data from its twenty nearest

nei_.:i#;+o"s,stations were selected based on Annual calendar year average temperature.
• confidence, missing data, and consistency

criteria. Ali data were adjusted for time of
observation biases, station and instrument
changes, and urban heat island biases.

Twenty-three regions were formed by _ J\9'
subjectively considering the climate + L/
characteristics across the country, the
terrain, the contincntality, and the

i vegetation. As an additional constraint, each
i region was required to have boundaries
iI coinciding with NCDC's climate divisions.
! For further details see Karl et al. (1988a).

i Dalat availability-These data are available
i from NCDC andCDIAC. The complete
!HCN data set (Karl et al. 1_) is available
ifrom CDIAC. :
! ' " Northern Plains!i.,...; .:...,....:...............:........ .............:.........i.....;:: .............................................................:......
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U.S. Regional Temperatures
_':I._"..':.'..:,.: ..., _:,. " " ::.', .,,:., q *"."::','.:'.':':"" ' .,,..+',: ':::',',.:.':::,,':::." ,":",:',":",.:,.:',::'.':::'::;":"::":'::U'A:".'::':':',

TRENDS

On the basis of regional seasonal
temperatures (i.e., maximum, minimum,
average, and diurnal range) for the, United !
States, Karl et al. (1988a)concluded that the ::.
climate has changed Over the recent century

but that the Changes have not been
monotonic for the most part. Instead, the
changes are somewhat unsteady and
sometimes occur over a relatively short

period of time. Karl et al. (1988a) also found
a considerable amount of detailed

baformation for each regional time series but
reported that their salient features often

could be summarized in time series plots for
three aggregated regions: West, Central, and
East. For the aggregated Central region,
which includes this subregion, Karl. et al.
(1988a) _rel_)rted that the annual average
temperature time series can be divided into
three epochs: a cool beginning until the
1920s, followed by several decades of warm
weather until about 1960, and a somewhat
cooler period that was not as cool as earlier
in the century.

TRENDS '90
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Northern Plains

Year Ann* ' Win Spr sum Fall Annt Year Ann*l
.

1901 : 7,01 : -8,20 7.28 22,15 8.01 7.31 1945 6.34i

1902 6,39 -8170 7,60 19,11 7,89 6.47 1946' 7.58/

11903 5,77 ' -10,10 7,00 18.86 ' 7,25 5.76 1947 6.82 I

1904 5.48 -1220 5.39 18.74 9.14 5.27 1948 6.91/

1905 6.03 -11,30 6.69 19,78 8,36 5,88 1949 7,081

1906 6,54 -6,80 5,69 19,65 8,18 6,68 1950 5,05!

1907 5.67 --9,38 4,04 19.60 7.55 5.45 195,1 5,071
1908 7.21 -5,98 , 6,69 19.40 9,34 7.36 1952 7.19'1

1909 5.87 -8-8,28 4.53 20.91 8.20 6.34 1953 7.82

191.0 7,05 -11,40 9,35 20.61 8,18 6.68 1954 7,(_

1911 6,71 -8.72 8,20 20,92 5,83 6,56 1955 6.96

1912 5.68 -11,30 5,61 19,43 8,55 5.57 1956 6.84

1913 7,04 -8,43 5,74 21,43 8.77 6,88 1957 6,91

1914 6,96 -7.04 6,77 21.12 9,99 7.71 :: 1958 6.97

1915 6,38 -9,33 6,37 17.62 9,01 , 5,92 1959 6,80

1916 5,49 '10,20 5,80 20,75 7,43 5.94 1960 6,31

'!917 4,61 -12,60 4,66 19.53 7.28 4,71 1961 6,85
1918 6,92 -12.20 8,08 20.72 8,05 6,16 1962 6.51

1919 6,43 -5,75 6,M 21.33 6,42 7.08 1963 7,42

1920 6.54 -10.30 5,21 19,94 9.51 6.09 1964 7,21

1921 8,41 -5,07 8,40 22.23 7.94 8.37 1%5 6,05

1922 7,27 -9,13 7.67 21.04 10.43 '7.50 19(g'_ 6,08
1923 7.05 -8.85 5,09 20,93 8.99 6.54 1967 6,33
1924 5,46 -7.19 4,88 19.01 8,'70 6.35 1968 6,88

1925 6.83 -9,83 8,34 20.49 6.69 6,4 2 1969 6.10
1926 6,(,4 -6,66 6.85 20,26 6,48 6,73 1970 6,31

1927 6.24 -7,76 6.72 18.88 8.51 6_';9 1971 6,60

192_¢ 7.23 -8,77 6.71 19.68 8,15 6.44 1972 5.60

1929 5,35 -11.10 6.V) 20.66 6,85 5,85 1973 7.73

1930 7,57 -8,05 7.31 21,75 8.43 7._ I_7.1 7,08

1931 9,45 -3,14 6,75 22,49 11.07 9.29 :: 1975 6,71

1932 6.53 -6.40 5.89 21.69 6,95 7.03 i:: 1976 7.19
1933 ' 7.70 .7.75 6,62 22.64 8.81 7.58 i! 1977 7.38
19.34 8.23 -4J,64 8.59 22.22 9.16 8.33 :i 1978 5,77
1935 6,(k_ -7,64 5.82 21,26 ZOO 6.61 ;i 1979 5.41

1936 6.06 -14,60 6,94 23,37 7.% 5.90 il 1980 7.31
1937 6,01 -11,t30 6,10 22.10 7,69 6.21 :' 1981 8,01
1938 7,92 -8.57 7,88 21,80 9.67 7.70 1982 6,07

1939 8.05 -7,.% 7.73 21,39 9,73 7.72 i_ 1983 7.05

1940 6,(gi -7,93 5,34 21.17 9,15 6,93 !i 1984 7,08

1941 8,07 -7.39 8,21 21.48 9.31 7,_KI :: 1985 5.95

1942 7.07 -5.74 17.97 20.29 7,75 7.57 il 1986 7.48

1943 6.51 -9,58 5,28 21,50 7,42 6.16 i: 1987 9,17

1944 7.31 -5,19 5,65 20.52 9,09 ";'.52 ..

e..,.,,........_.._..._.................._.....'.._.._..._.....'_.....'..'......._._.....e_........._.....'.'

*Calendar year mean (Jan-Dec),

_fSeason year mean = (Win = l)ec-Feb; Spr = Mar-May; Sum = Jun-Aug; Fall = Set>-Nov ),
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U.S. Regional Temperatures
............................................................._................_....._..........._..................:....._....................._...._.....................L.................................

Average Temperature (°C), 1901-1987 REFERENCES
p

Win Spr Sum Fall Ann, Karl, T,R,, G, Kukla, and J. Gavin. 1984.
-7,72 6,98 19,33 7,84 6,61 Decreasing diurnal temperature range in-8,67 9,14 , 20,37 7,89 7,18

-'7,29 , 4,82 21.18 9,15 _i,97 the United States and Canada from 1941
-9,42 6.79 20,85 9.41 6.91 through 1980, Journal of Climate and

-10,10 7,30 21,91 9,08 7,04 Applied Meteorology 23:1489-1504,
-i0,00 3,70 19,29 8,20 5,2_ Karl, T.R., G. Kukla, and J. Gavin..1986.

-9.45 4.65 19.03 6.16 5,10 Relationship between decreased.-8.47 6,15 2128 8,31 6,82

-6.66 6,03 21,4110,50 7,82 temperature range and precipitation trends
-5,81 5.60 21,35 9.16 7.58 in the United States and Canada,

.-8,05 8,.'t0 22.30 7.39 7,50 1941-1980.Journal of Climate andApplied
-10.80 5.2 21,28 9.28 6,29 Meteorology 26:1878--86. !i

,ii

-.6,.36-7'90 6,327,25 21,1519,53 9.457"55 6,787.47 Karl, T,R., C.N. Williams, ,lr., P.J, Young, i

-10.50 7,44 22.01 5,93 6,21 and W.M. Wendland. 1986. Amodel to
-7.07 4,46 20,48 9,21 6.77 estimate the time of observation bias

-7,28 6,00 21.07 8,24 7,01 associated with monthly mean maximum,
-10.30 6,10 19,98 9,12 6,23 minimum, and mean temperatures for the
-9.76 8.16 2!.54 11.49 7.85 United States, Journal of Climate and-7,43 6,86 20.80 8,23 7, I1

--10,80 4_86 20.24 7,42 5,43 Applied Meteorology 25:145--60.

-9.05 6.33 20.93 7.65 6.47 Karl, T.R., R.G. Baldwin, M.G. Burgin.
--8,75 6.42 19.53 7,79 6.24 1988a. Time series of regional seasonal
•-8,23 7.76 20.50 8,46 7,12 averages oftnaximt_m, mitffmum, and

-10,10 5.82 20.02 7,89 5,91 average temperature, arid diurnal-9.62 5.89 21,55 7.95 6,44

-10,10 6.35 20,76 9,10 6.53 temperatttre range across the Untied Stales:

-10.40 6.61 20.23 7.13 5,88 1901-1984. Historical Climatology
-8.32 7,_ 21.59 8,_g) 7.54 Series 4-5. National Climatic Data Center.

-8.78 6,91 20,79 8.19 6.78 National Oceanic & Atmospheric .
-,7.74 4.98 21,41 8.64 6,82 ,a_tminist ration. National Environmental
-6,15 7.78 21,87 6.41 7.48

-10.20 10.80 20.79 7.94 ?.M Satellite, Data, and Information Service.
-12,80 6.63 2(I.75 8,74 5,84 Asheville, North Carolina.
-14.00 4.93 21).18 8.15 4.82 Karl, T.R., H.F. Diaz, and G. Kukla. 1988b.

-7,19 7.35 21,47 8,(_', 7.58 Llrbanization: its detection and effect in
-5.90 8.92 20.71 8.92 8.17 the United States climate record. Journal '

-I1,._ 6,45 19.98 7.67 5,72

-4.72 5.75 22.53 8,76 8,08 of Climate 1:1099-, 1123,
-.952 5..51 21,35 8.07 6,35 Karl, T.R., C.N. Williams, Jr., and
-9.35 9.75 19,35 5,74 6.39 F,T. Quinlan. 1!_. (hlited States ttistorical

-9.59 8,59 20,75 7.39 6.79 Clitnatology (HCN) serial temt_erature and
-3.57 10.08 21.67 8,42 9,15 precipitation data. NDP-019/R1. Carbon

Dioxidc Information Analysis Center. Oak
Ridge National Laboratory. Oak Ridge,
Tennessee.

•, ......................................................................................................
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Southern Plains
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! BACKGROUND
15-

ti:Principal investigators
i
[ Thomas R, Karl C)
i RonaldG. Baldwin o'

i Michael (3. Burgini •
i! National Oceanic and Atmospheric I- 14
i Administration i '

i National Climatic Data Center

i Federal Building O. ;

i Asheville, North Carolina 28801, U,S.A. E [ I_p_. 13 , f
! i',i

iI i ,

i National Oceanic and ,_ [ i'/ ii ti ;i Atmospheric Administration "f '! i _ !i' i '_J
U.S. Department of Energy r" ; i

' (.Carbon DiorJde Research Program _ l _ i! i '!0)
Period Ofrecord- 1901-1987. __ ![! _J!l

J

Method-After comparing each station's
data in the 1219-station Historical 11- i i 1:

Climatology Network (HCN) (Karl ct al. 1900 1930 1960 1990
19_X))to data from its twenty nearest

neighbors, stations were selected based on Annual calendar year average temperature.
confidence, missing data, and consistency
criteria. Ali data were adjusted for time of
observation biases, station and instrument

changes, and urban heat island biases, r...V------_..l a _ ,dm___ ('\_7

Twenty-three regions were formed by
subjectively considering the climate
characteristics across the country, the
terrain, the continentality, and the
vegetation. As an additional constraint, each
region was required to have boundaries
coinciding with NCDC's climate divisions.
For further details see Karl ct al. (1988a).

Data availability-These data are available
from NCDC and CD1AC. The complete
HCN data set (Karl et al. l'.,xX))is available

from CDIAC. Southern Pmins
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TRENDS
On the basis 0f regional seasonal

temperatures (i.e., maximum, minim:frm,
average, and diurnal range_ ft:r th_'United
States, Karl et al. (198_a),_,_u _,,d tj,at the

climate has changed ove_'*t;,¢:f,;._.t:_/,q'ttcentury
but that the changes have riot be_l'_
monotonic for the most part. Instead, the
changes are somewhat unsteady and
sometimes occur over a relatively short
period of time. Karl et al. (1988a)also found
a considerable amount of detailed

informalion for each regional timc series but
reported that their salient features often
c_uld be summarized iv)time series plots for
three aggregated regi,,ns: West, Central, and
East. For the aggrcgatcd Central region,
which includes this subregion, Karl ct al.
(1988a) reported that the annual average
temperature time series can t_c divided tnt,,

D three Cl_,chs: a c,_c,Ibcginning until lhc
l_,_2t)s,followed by several decades _ffwarm
wcather until ablaut IC_;{),and a somewhat

c_ler pcri_.[ that was not as c_t_l as earlier
in lhc century.

TRENDS '90
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q

Southern Plains
: ::::::::::::::::::::::::::::7:'::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::4: .:::4_.<::__.:':::::.;v._::.%._2.,:_.,_.,'._::_.4+.-':_:.%::$.::_Z4:::¥..'$__:. _._::,,_2:_._:::¥:.._&:_.::.$:._:::xV.._.:g::..$_._.:$.,_:.4.:

Year Ann* Win Spr Sum Fall Annt Year Ann:

1901 12,52 -0,02 11,17 26,40 13,73 [2,82 1945 12,17'

1902 11,86 -2;31 13,12 23,44 13.25 11.88 1946 13.83
I_3 11A5 -I_60 12,09 :22.57 IZ26 11.33 1947 12.59

, I

1994 11,68 "1.18 11,19 22,56 14,02 11;64 1948 12,36

1905 11,52 -4,14 12,98 23,80 13,38 11,50 1949 12;44

l(.K_'i 12,04 0,64 10,98 23,04 12,81 11,87 1950 11,73
1907 12.28 1,20 11,27 23.95 12,93 12.34 1951 11,45

1908 12,80 1,29 13,04 23,25 13,45 _ 12,76 1952 12,88

1909 12.30 1,24 11112 24.73 14,55 12,91 1953 13,64;

1910 12.57 -2,62 13,81 23,67 13,81 12,16 1954 14,08

1911 13,22 1,10 13.23 25,25 12,93 13,13 1955 12,79

1912 11,38 -2,71 10,76 23,78 13,45 11,32 1956 13,,35

1913 12,86 --0,56 11,87 26,08 13,88 12,82 1957 12,40

1914 12,82 0,89 12,06 25,78 14,64 13,.34 1958 11,89
1915 11:'_ -1,25 10,78 21,64 _4.60 11,44 1959 12,30

1916 12,18 -0.58 12.24 24,68 13.39 12.43 1%0 11,73
1917 11,21 -1,04 10,6.5 23,53 12,46 11.40 1961 11.84

1918 12.73 -3,63 13,29 25,96 12,93 12,13 1962 12,41

1919 12.26 1,37 11.75 24,66 13.16 12,73 l_Ri3 12.96

1920 12.08 -0,86 11,28 23.07 13,52 11,75 1964 12,85

1921 14,14 2.67 13,85 25.10 14.60 14,06 1965 12.69

1922 13,1Y) 0.51 12,61 24.67 14,80 13,15 1%6 12,01

: 1923 12,61 1,41 11,01 24..57 12,79 12,44 1%7 12,21
1924 11.37 0,28 10.(F) 23,80 13.66 11,95 1968 12,04

19?.5 12,84 --0,74 13,58 25,05 12.41 12,57 1_9 11.92

1926 12,40 1,.36 11,17 24,26 12,77 12,39 1970 12.41

1927 12.63 1,18 12,83 22,55 14,64 12,80 1971 12.56

• 1928 12.54 0.32 12,15 23,15 13,24 12.22 1972 12,07
1929 11.47 -2,40 12.59 24,10 11,76 li.51 1973 12,72

19_) 12,80 0,19 12,50 24,98 13,63 12.83 1974 12,(_'_
1931 13,90 2,,54 10,40 24,95 16.51 13.(/d 197.5 12..38
1932 12.40 2:0 11,69 25,05 12,02 12.9i 1976 12.29

1933 13.76 0,74 12,39 25.47 14.67 13.32 1977 12,99

1934 14,04 2,15 i3,05 28,07 14,20 14,37 1978 11.48
1935 12.58 1.(I4 11,96 24.85 12,44 12.57 1979 11.22

19_) 12,97 -3.73 13,43 27,70 13.50 12,73 1980 12.89

1937 12.(_4 -0,83 11,60 25,64 12.75 12.29 1081 _ 13,(13
!.938 14,01 1,14 13,65 25.42 15.14 13.84 1982 12,02

1939 13,84 1,35 13,07 Z'_,II 15,22 13,69 1983 12.01

1940 11,88 -1,98 11,65 24,32 13,rX) 11.97 1984 12.45
1941 13,32 1,04 12.78 24.75 14,43 13,Z_; 1985 11.64

1942 12,53 0.69 12,82 24,24 13,50 12,81 !ii 1986 13,33
1943 12.56 0.78 11,41 25,7x_ 12,42 12,60 _' 1987 13,28

1944 12.68 1,16 11,22 24.54 14,12 12.76 i!i

`.'._._.___.._.__._______._____.___•_____.__.__'_____..._.____._.'....'.._.'..._____._'.__'______._____.___.'._

*Calendar year mean (Jan-Dec),

"t_ason year mean = (Win = Dec-Feb; Spr = Mar-May; Sum = Jun-Aug; Fall = Sep-Nov),

TRENDS '90
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U.S. Regional Temperatures
_,4_f_::_.::.¥:._'' ":::':_:_'.:'"'_2_ _"_'"_."':+'"_ • • "¢.."_._' _-._...... , ......... -"¥ .... .':::....

Average Temperature (°C), 1901-1987 ......................................................[REFERENCES ........................................................

Win Spr Sum Fall Annt Karl, T,R,, G, Kukla, and J. Gavin. 1984.
-0,23 12.71 23.05 13,61 12,28
0,71 14,15 24.48 13.79 13,28 i Decreasing diurnal temperature range in
0,84 10.36 24,86 14,91 12,74 ] the UnitedStatesandCanadafrom 1941

-0,6.5 '/2,48 24,12 13,60 12,39 i through 1980, Journal of Climate and

--0,62 12.35 24,42 13,51 12,42 i Applied Meteorology 23:1489-1504.
1,24 10,_t 22,31 13,21 11,94 i Karl, T,R., G, Kukla, and J. Gavin 1986.0.10 10,78 23,31 11,60 11,45
1.57 11,07 25,85 12,70 12.79 Relationship between decreased
1.77 11.95 25.67 14,82 13.55 tem[_rature range and precipitation trends
2,39 12,04 26,73 15.01 14,04 in the United States and Canada,

0..36 13.67 24,78 13.28 13,02 1941-1980,Journal of Climate andApplied
-0.65 12,(_ 25,43 14,81 13.07 Meteorology 26:1878-86,0.92 11.56 24,79 11.88 12,29
0..34 10,82 23.62 14,32 12,27 Karl, T,R., C,N. Williams, Jr., P,J, Young,

-1.13 12.76 24,43 11,82 11.97 and W.M, Wendla.nd. 1986. A model to
-4),14 9,98 23,84 14,49 12,04 estimate the t_me of observation bias

0,,19 I I,Z5 23,39 12,75 11,97 associated with monthly mean maximum,
-1.35 12.53 24.03 1357 12,2(I minimum, anti mean temperatures for the
-1.6q 13.88 zs,28 16.t_ 13.37 United States, Journal of Climate arid4_,74 12,8.5 24,M 13.63 12.52
-0.20 1158 23,84 13.q7 12._ Applied Meteorology 25:145-60.

0.23 t2 16 24,10 13.05 12.38 Karl, T,R., R.G, Baldwin, M.G. Burgin.

0.26 13.17 22.63 12.38 12.11 1988a. Time serie, s of regional seasonal
-0.2.8 12.2.3 24.21 12,82 12.24

averages of maxitTlltm, minlml4m, arid
-0.% 11.30 2,1,04 12.90 11.82
-0,75 12.19 2,1.67 12,73 '_"_1_.. 1 average temperature, and diurnal
-0.28 1 !,63 24, !8 14,61 12.53 temperuture range across Ill{! United Stales;

0.68 12,'_5 23 '_4 12._, 12.48 1901-1984. Historical Climatology
-41.q3 12.24 2,1.49 i,1.43 12.56 Series 4-5. National Climatic Data Center.

(I.02 13,_, 23,89 12,49 12,5"7 National Oceanic & Atmospheric
-0.01 I1 13 2,1.44 13.35 12,30 Administration. National Environmental
2,42 12.48 23.92 11.1.)5 12.47

-l,t_ 14.77 24,_,_) 13,76 12.% Satellite, Data, and Information Service.
.-4.42 li 69 24.82 1,1,10 11.51 Asheville, Norlh Carolina.

-4,811 11,76 23.66 13.22 10,% Karl, T.R., H.F. Diaz, and (;. Kukla, lt,_88b,
-0,10 11.44 26.71 13.84 12,96 Urbanization: its detection and effect in

1.37 13.48 24,,10 13.55 13,19 the United States climate record.Journal-2.00 12.28 23.59 13,17 11,78
1.58 10.34 25,60 14,24 12.9,1 of Climate 1:1(_9-1123.
-2.30 10,33 24,73 13,21 11.53 Karl, T.R., C,N. Williams, Jr., and
-i.48 14,11 23.40 12.50 12,14 F.T. Quinlan. I_YX), United States ttistoricul

0,08 .14.1)2 24,54 13.10 12,94 Climatology (ItCN) serial tetnperature and
1.73 13,84 24.71 12.88 13,25 precipitation data. NDP-019/R1. Carbon

Dioxide Information Analysis Center, Oak

Ridge National Laboratory. ()uk Ridge,
Tennessee.

., ..................................................................................................... ..
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South Coastal Plain

20-
Principal lnvestigaiors

Thomas R, Karl o_
Ronald G. Baldwin "-"

Mictlael G, Burgin _ [

Administration , [] ,National Clitnatic Data Center •

° / /
Sponsoring agencies ] 1[ .

U.S. Department of Commerce [1 l
National Oceanic and I:::: I

"17-
U.S. Department of Energy

Carbon Research Program

Period of record -- 1901-1987, _ '

Method. After comparing each station's
data in the 1219-station Historical 16 _ ....

Climatology Network (HCN) (Karl ct al. 900 1930 1960 1990
I_X)) todata from its twenty nearest
neighbors, stations were selected based on Annual calendar year average lemperaiure.
confidence, missing data, and consistency

criteria. AI'[data were adjusted for time of
observation biases, station and instrument
changes, and urban heat i.,dandbiases.

Twenty-three regions were formed by "ff"-"_-----------__---.__.._subjectively considering the climate
characteristics across the country, the

terrain, the coniinentality, and the

vegetation. As an additional constraint, each

rcgion was required to have boundaries
coinciding with NCDC's climate divisions. ____
For further details see Karl ct al. (1988a).

"L

from NCDCand I 'CD AC.. The complete
HCN data set (Karl et al. I_._X))is available
from CD IAC,

South Coastal Plain
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U.S. Regional Temperatures

TRENDS
On the basis of regional seasonal

temperatures (i,e,, maximum, minimum,
average, and diurnal range) for the United
States, Karl kt al, (1988a) concluded that the
climate has changed over th_ recent century
but that the changes have not been
monotonic for the most part, Instead, the
changes are somewhat unsteady and
sometimes occur over a relatively short i

period of time. Karl et al. (1988a) also found ii
a considerable amount of detailed !
information for each regional time series but :

reported that their salient features often
could be summarized in time series plots for
three aggregaled regions: West, Central, and i
East. For the aggregated East region, which
includes this subregion, Karl ct al. (1988a) !
reported that the annual average i
temperature time series can be divided into

83 three epochs: a warm epoch from the early
1920s to the mid 1950s, preceded and

followed by periods during which
tcmpcralurcs were generally at or below the
mean for the century.

7'RF_,ND5 '90
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South Coastal Plain
_:_::: ',.:4'II'_':_qq':: .... ..... . ¢ ....... , ...........

Year Ann* Win Spr Stim Fall Annt Year Ann*
17,15 8A0 16,64 26,97 17,42 17,36 il 1945 18,19lt_l

1002 18,00 6,_ 18,69 27,(ui 18,73 17.86 Ii 1946 18,49

l!X)3 17,15 8,26 17,86 Z5,65 17,40 17,29 i! 1947 17,68

ltX)4 17,88 7,69 18,00 26,03 18,9_) 17,(_ ! 1948 18,08
ItX)5 17,58 6,(X) 19,27 26,(ff) 19,15 17,78 i 19,19 18,52

1906 ,17,85 7,76 17,22 26,41 18.53 1%,18 1 1950 18,05
1907 18,42 11AI 18,28 26,63 18,00 18,58 1951 18,36

lcX)8 18,45 8,37 20,12 26,39 18,23 18,28 1952 18,725

text) 18,.'g_ 10,77 17,80 26,99 19,65 18,80 1953 18.31

1910 17.91 7,31 18,,18 26, !2 19,14 17.76 195,1 18,69

1911 19,14 10,(_ 18,88 26.76 19,46 18,94 1955 18.,I 1

1912 17,,111 7,,11 17,72 26,07 18,73 17,48 1956 18,27
1913 18,03 9,55 17,57 26,78 18,12 18.(h3 1957 18.15

1914 17,77 8,95 17,32 27.42 18,22 17,98 1958 17,0 I

1915 18,(XI 7,!/8 17,{k6 26,46 19,67 17,79 ! 1959 17,73

i 1960 17,201916 18,23 9,93 18,05 26,41 18,42 18,211 i 1961 17,28
1917 17.32 9,97 17,36 2(,,45 16,83 17.65 i!

1918 18.2,1 7,13 19,01 27,U2 18,08 17,81 i:i 191,2 17,91

1919 18.11 9,00 17,51 2(), 10 20,47 18,2'1 1963 17,49

1920 17,4"1 8,t'kl 17,Z5 25,7,1 18,23 17,47 1964 17,64

1921 19,26 10,o" 18,86 27,00 20,15 19,01 1916 17,93

1922 18,77 1( 18,411 2(,,45 19,35 18,68 ; 964, 17,10
1923 18,03 I0,!,_) 17,27 26,08 17,86 18,05 !i 967 17,511
11924 1746 8,83 16.22 27.35 !8,45 17.71 i:: 968 16,88

19Z5 18,83 9,86 18,(_1 27.5(,) 19,47 18,98 :i:, 969 17.19
1926 17.76 8,58 16,12 26,38 18,92 17.50 i

970 17,44

1927 19.21 11,48 19,22 26,42 2(I,47 19,40 !: (171 175B21

1928 17,76 8,58 17,17 21,.56 18,M 17,74 972 17.95
_., "9 18.03 8,38 19,19 2(),57 18.08 18.05 073 17,82

_', 0 18,(XI 9,28 17,!,13 26,98 18.28 18,I I 97,1 17,92

1931 18.46 8,40 15,78 20,71 21,05 17,(._) 197,5 17,7 !

1932 18,,13 12,83 17,26 27,40 17.32 18,70 1976 16,71

1933 19,22 10,23 18,76 26,68 19,91 18.89 1977 17,77

19.M 18,,16 10,35 17.7f, 27,71 19,62 18,86 1978 17,29
1935 18.2(, 9.31 19,07 26,78 18,8'; 18.50 1979 I(,,KS

198) 18,21 6,57 18,51 27,46 18,1+1 1.7,84 It,_80 17,71 ,

1937 17,(,_8 10,68 17,37 27,00 17,3!,) 18,11 1981 17,52

1,;38 18.76 10.05 19,17 26.67 19.04 18.73 1982 18.U3

1939 18,49 9,9.1 17.'_7 26,70 18,87 18,37 1983 16,81

19,111 16.8.1 6,38 1_,.95 Zq,66 18,17 16,79 ' 198'1 17,81

19.11 18,10 8.92 1"7,23 2(,.57 19,92 18,16 1985 17,85

19.12 17.68 8,05 17,56 26.47 18,79 17,72 1986 18,46

1943 18,01 9,80 17,78 27,73 17.21 18,13 19g7 17.74

1944 18,14 9,60 17,7,1 26.92 18,63 18,22

.............v...........'.'.'.'.'....e...'.'., 'e.'..e..e...'.'.*.'.'.'.'.'.*.'.'e.'.'.'e.'.'.'¢.'.'.*.

*Calendar year mean (.lan-I)ec),

l"_ason year mean = (Win = l)ec-Feb; Spr = Mar-May', Sum = .|un-Aug; Fall -= Sop-Nov),
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U.S. Reglona| Temperatures
",_i-;:::::;::;;:',;'.:'.'',;',:;;'.::::;::'.;::',;'.:'.:',;',:?.:;::;:;:;;;:;::',::_:::_'._:;'::":'::_::;',::;::;'.:::;:;::;:::_:5;;::::::::::f.::::',:::_;5::'.,:::_::',:::_:_;,;::',::::::::::::::::::::::::::::::I:::;:::::::_:::::':_;,:?;:;:.;::;',:;::',,:::,:_::',;',:::::',:_:_'.',;::_:I;::',:',;',::21::::i:l',:::;:::q:::::'.:::':::1;_::;_,,.::;:;;,::::::;;::,::;,_;::;:,,::;:_:_,,,::::;_:;:;:.,:::;;::_::::::;;;I:,.:::,:;2,;,:,',:::;::;:::::,:.,_._;:;;;::;;:::;_:,::;:::::q:5',',::::_:',','.;;:_

Average Temperature (°C), 1901-1987 ...................................................................................................................................................REFERENCES .............................................i
Win Spr Sum Fidl Ann'," Karl, T,R,, G, Kukla, and J, Gavin, 1984, il

[4.76 i_,()_ _6,27 19,0,_ 11_,s Decreasing diurnal tctnperature range inR,414 18 [49 25,85 19,05 1[4,()7
8,93 16,7,1 2(,,._ 1(,_,32 17,114 the United States and Canada from .1941.

7.84 18,91 26,97 18.07 17,()5 through 1980, Journal of Climate atul i

11,21 17,70 2(',,47 114,79 18,54 Applh_d Mi:teoroh)to, 23:1489-1504,
12A3 17,Z5 2,5,8,1 17,')1 t8,.aZ, Karl, T,R, G, Kukla, and J, (]avin, 1986, !

8,5[4 17,53 27.5,t 114,,"_) 18,00 Relationship between decreased ::
11,77 17.16 27,(,_3 17.(18 18,,19 i

9.59 18,,12 27,02 18..M 18.3,1 temperttture rarlge and precipitation Irends il

9,82 17.5o 28.(FJ 19.0,1 18,63 ill the United States and Canada,

[4.78 I,J.37 Ls,8(,_ 1++.3_ i[4.10 1941-19P+O.Jotm_(_lof Climate atul Applied _
%12 17.'_(1 2(,,f_4 114.08 17,9,1 Meteoroloh,v 26:1878-_+6.

11.[49 175,1 2(._,55 17,47 18,36 Karl, T,R,, C,N, Williams, Jt',, P,,I, Young,
6.03 16.83 26,55 18,75 17,27 +
7.,,_5 17,.(;8 2(,.31 18,3(I 17.53 and W,M, Wendland, 1986, A model to
8.07 15.,_2 2(',,t,,7 1().c)5 17,,13 estimate the time of observation bias

7,71 17.26 25.17 18,22 17.()9 associated with monthly mean maximum,

').55 17.20 2¢,,142 l_lt, 18,03 minimutn, and mean temperaturt',s for the

ft.31 1%18 2(,,ft:; I,_.')8 17,78 United State.s.Journal of Climate a/td ii5.8,; 18 I¢, 26.,17 18.2!,) 17.18
9.01 17,82 26.03 18.t)5 172)5 Applied Meteon)lok,_, 25:145.-(i(1. i
7¢,(_ 17,33 L'_.83 17.'_7 17,18 Karl, T,R,, R,(;. Baldwin, M,(;, Burgin, ::

8.15 I,,L2,1 25.32 l/,fi7 17.35 1()88a. Tinle series ¢)fregi(mal seasottal i

'7.,1(, 17.23 2(,.2(_ 17.56 17.13 averages of nl(l.l'iltltgtrl, lrlillitTlllltl, attd _:

7.1.11 I(,A7 2(,61 17,65 17,14 average tetnl_eratltre, arid dittrtlul
¢,.l_I 17.7fl 2ft. 1{) 18.117 17,19
9.45 1(',._1 2(',.I¢, 182,'_) 17.73 letttlerattgr(' range across th e Un ited Slates:

I(),_ t_:1,2 zs:_5 1_,2, 18.25 1901.-1()84, l listorical Climatology
72;,1 1754 21, (,_ I(L';I_ 17.87 Sel'ies 4-5, National (_'lima,lc Data (.'.enter,

li). 12 1().113 2_,qtl 17,(11 17.',_2 Nat it,nal ()ceanic & Atn_osl)hcrlc
%81 1721,| IS.Nrl 1"72)3 17,7(, '

Administration. National Envi|(mmental
%15 17.,1_ 2'_,3t) 15.41 1(,,113
5.7,1 11_,77 27.27 18.8(I 17.(),1 Satellite, Data, and lnft_rmatkm Service.
5()8 17 .li 27.115 1';.47 17.25 Ashcville, North Cart)lina.
i',.3,_ 17,73 ?_'_,'hl 17.7" 1fl.88 Karl, T.R,, tt,t 7. l)iaz, and (;, Kukla. 19&qb.
7.,v_ Ifl.,_l 27,71 1_.28 17.72 Llrbanizalion: its dctc, ction and effect in
7.77 17.71 27.03 18.(_1 17.5't the United States climate record.Jo,mal
7.0,1 1822 26.,11 18.31 17.7(I
_._t I_,,(_l 2_,.._ 114,15 _7.:_ of Climate 1' I(F._)-l123.

¢_7') 172q 21,.(11 IRA',) 17.13 Karl, T.R., C,N. Williams, ,lr., 3tld

8..11, IS.S.1 2l,.,15 1').̀ ,_) IS.,13 F.T, Ouinhm. 19')(I, United State's Historical

8..-I') 18.12 27.13 1'),1.l IS.?',() Climatology (ttC.N) serial temtwrature aral

8.10 17,(,3 26.77 17.*,._ 17.5_, prec'ildtatiott data. N D P-019/R 1, Carbon

Dioxide Inl'ormati¢m Analysis Center. ()ak

Ridge National Laboratory, ()ak Ridge,
Ten ness(.;e.

..................................... , ....... , .........................................................
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GulfCoast
,,+,,+,,,, ,.+++,.,, ,,++,,,++ ,+,.,,,+,, ,,,,+.,_,,,+,, ,,,,+,,,_ ,,,++,,° ,,,,+,,+,,,,°,. _,,++,, ,°,,, ,, +,,,°

BACKGROUND 2,9.-

Principal investigators , _,
Thomas R, Karl o
RonaldC,'.Baldwin _'_

NattonaI Oceanic and Atmospherie N "
Administration +

Asheville, North Carolina 28801, U,S.A, 20 I - . _. .I r['li [l..r

U,S. Department of Commerce i Il- ,I

Atmospheric Administration 19
U,S, Department of Energy -

Carbon Dioxide Research Program
Period of record- 1.001-1987, _ -

Method-After comparing each station's 18 -
data in the 1219-statlon Historical --- --", -- ' .... _ - -+-....-r ...... • ..... , '

Climatology Network (HCN) (Karl et al, 19()0 1930 1960 199[_'
1_)0) to data fr_,m its twentynearest
neighbors, stations were selected based on Annual calendar year average temperature.

confidence, missing data, and consistency
trite,ria. Ali data were adjusted for time of
observatmn b|ases, station and instrument

changes, and urban heat island biases,

Twenty-three regions were formed by
subjectively considering the climate
characteristics across the country, the
terrain, the continentality, and the + i

+vegetation, As ata additional constraint, each
i region was required to have boundaries

j,,' it coinciding with NCDC's climate _:mstons,

' For further details see Karl et al, (1988a), !

Data availability--These data are available !
from NCDC and CDIAC, The complete !
HCN data set (Karl et al, I_X)) is available
from CD1AC.

l,,u.......................................................................................................i Gulf Coastal
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U.S. Regional Temperatures

TRENDS
On the basis of r_gional seasonal

temperatures (t,e,, lnaxlmum, mtnhnum,
average, and diurnal range) lhr the United
States, Karl et al. (1988a) concluded that the
climate has changed over the recent century
but ttutt the changes have not been
monotonic for the most part, Instead, the
changes are somewhat unsteady and

:_sometimes occur over a relatively short
I period of time, Karl et al, (1988a) also found

a considerable amount of detailed
i informatlon for each regional time series but

reported that theh' salient features often
I could be summarized in time series plots for

three aggregated regions: West, Central, and
East, For rite aggregated East region, which
includes ',his subregion, Karl et al, (1988a)
reported that the annual average

'1' temperature time series can be divided into
three epochs: a warm epoch from tt_eearly
1920s to the mid 1950s,preceded and
followed by periods during which
temperatures were generally at or below the
mean for the centttry.

1RLND,_. '90



i II,, dt_

i

GulfCoast

Year Ann* Win Spr Sum Fall Annt Year Ann*
1901 19.16 11.18 18.68 27.52 19.68 19.27 iiliil 1945 20.39

1.902 20.06 9.98 20,62 28.09 21,08 19.94 :!il 1946 20.40

1903 18.91 11,07 19.39 26.23 19,48 19.04 i::_il 1947 19,77

1904 19,86 11,43 20.14 26,54 20,84 19,74 I! 1948 20,29

1905 19.54 9,26 21.00 27.29 21,34 19,72 iii 1949 20,64
1906 19.84 10,26 19.23 27.59 20,60 19,42 iii 1950 20,31

1907 20,52 14,84 20,72 27.24 20.08 20,72 ii 1951 20.33
1908 20.34 11,75 21,96 27.12 19.77 20,15 _:_ !952 19.79

1909 20,25 13,70 19.87 27.53 21.55 20.66 il ' 1953 20.19

: 1910 19.94 10,62 20.26 27,05 20,99 19,73 I 1954 20,_

1911 21,11 14,44 20._) • 27.47 21,12 21,00 1955 20.09

1912 19.49 10,66 19.88 26.94 20,91 19,60 !956 20,12

1913 1%76 12,41 19.24 26.92 20.32 19,72 _._ 1957' 20.23
1914 19.52 11.98 18,91 27.83 20,29 19,75 ::!: 1958 19.08
1915 19..q7 _ 10.61 18,39 27.75 21.65 19.60 _: 1959 19,48

27,26 19,_) 20.17 i! 1960 19,191916 20,18 13,33 20,13

1917 19.39 13,10 19.36 27.33 18,75 19.63 i!i 1961 19.32

1918 19.95 10.53 20.49 27,64 20,05 19,67 !ii 1962 20.05
1919 19.95 11,42 19,2_ 26.91 22.41 20.00 i 1963 19.59
1920 '19,59 12,07 19.68 26.91 20.13 19.70 i 196.1 19,67

1921 21.15 12,92 20,70 27.74 21,93 20,82 iii 1965 19,94
1922 20.76 13,73 20.51 27.34 21.16 20.68 ::!:: 1,966 19,05

1923 20.02 14..28 19o50 27.0l 19,70 20.12 ii 1967 19,67

1924 19,60 11,60 18.47 28.11 21.06 19,81 !i 1968 18,86
1925 20.32 12,70 20,72 27.73 20,92 20,52 _!::: 1969 19,46

19,68 11.00 18.11 27..30 20,86 19.32 iii 1970 19.341926

1927 21.20 14,73 21,22 27.62 22,24 21.45 i!i:i: 1971 20,13

1928 19,76 11,18 19.42 27.81 20.63 19,76 iiI 1972 20,14

1929 19.85 11,41 21.22 27.12 19.76 19.88 ! 1973 19.81
1930 19.62 11.77 19.51 27.36 20.23 19,71 ::: 1974 20,01

1931 19,95 11,06 17.41 26,95 22.60 19.50 !:_!i! 1975 , 19,79

1932 20,07 15.48 18.80 27.96 18.96 20.30 iii I976 18,73

1933 21.12 13,02 20,91 27.15 21.96 20.76 i!!i 1977 1.9.60
1934 20.9.5 13,67 19,51 27,75 21.57 20'62 _ iii 1978 19,22

1935 20,17 12.56 21.02 27.34 20.59 20,38 !! 1979 18,90
1936 19,68 10,16 19.87 27.50 20.20 19.43 iil 1980 19,67

1937 19,85 13,42 19,09 27.59 19,66 19,94 . i!i 1981 19,62
1938 20,.52 12,78 21,08 27.69 20.37 20,48 i_:: 1982 20,05

1939 20,43 12,88 20,24 27.61 20,58 20,32 ii!I 1983 18,68

1940 19,05 9.68 19,27 26,93 20,06 18,98 i! 1984 19.87
1941 20,09 12,24 19,07 27,50 21 ,'75 20,14 ::: 1985 19.80

1942 19,58 11,08 19.30 27.33 20,70 19.60 iii 1986 20,31

1943 19.84 12.68 20,2.5 28.06 18.92 19.98 ii 1987 19,44
1944 20.20 12,71 19.82 27.85 20.51 20.22 !_:::

:!:

..e,,.,,...,..,,.....,.,.,.e,.....,.,....,.,:....¢¢:.,.,v.,..,,.,,.::..,...e,,.,..,,,,,,,,:,.,..,.,,.,

*Calendar year mean (Jan-Dec),
1"Season year mean = (Win = l)ec-Feb; Spr = Mar-May; Sum = Jun-Aug; Fall = Sep--Nov).
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U.S. Regional Temperatures
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AverageTemperature (°C), 1901-1987 REFERENCES ii
!i

Win Spr Sum 1,'an Ann, Karl, T.R., ( ;, Kukla, and J. Gavin. 1984. !i

' 12,27 21.08 27,43 21.06 20.46 , Decreasing diurnal temperature range in1131 20.67 27.01 21.35 20.08
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BACKGROUND
_0-

Principal investigators _,
Tt_omas R. Karl o
Ronald G. Baldwin _

Michael G. Burgin _ 9

National Oceanic andAtmospheriCAdministration .._'_ 7 _ i 1 I ill'till! I _l [lil Ii: _lllll

National Climatic Data Center _ [_

Asheville, North CarOlina 28801, U.S.A. _. [ , . .
_:Sponsoringagendes l .... _ _ -

U.S. Department of Commerce _
: National Oceanic and _ "

Atmospheric Administration

: U.S. Department of Energy t-- 6
:. Carbon Dioxide Research Program

Period of record - 1901-1987. _ -

Method- After comparing each station's 5 -
data in the 1219-station Historical , _ ', _ _

Climatology Network (HCN) (Karl et al. 1900 1930 1960 199(

1990) to data from its twenty nearest Annual calendar year average temperature.neighbors, stations were selected based on

confidence, missing data, and consistency
criteria, Ali data were adjusted for time of
observation biases, station and instrument
changes, and urban heat island biases.

Twenty-three regions were formed bysubjectively considering the climate - .... _
characteristics across the country, the
terrain, the continentality, and the
vegetation. As an additional constraint, each
region was required to have boundaries
coinciding with NCDC's climate divisions.

For further details see Karl et al. (1988a).

Data availability--These data are available
: from NCDC and CDIAC. The complete

HCN data set (Karl et al. 1_)0) ia available

from CDIAC. Great Lakes
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TRENDS

On the basis of regional seasonal
temp:_ratures (i.e., maximum, minimum,
average, and diurnal range) for the United
States, Karl et al. (1988a) concluded that the
climate has changed over the recent century
but that the changes have not been

i monotonic for the most part. Instead, thechanges are somewhat unsteady and

I sometimes occur over a relatively short

period of time. Karl et al. Ct988a) also found
a considerable amount of detailed

i!information for each regional time series but
reported that their salient features often
could be summarized in time series plots for

three aggregated regions: West, Central,
and East. For the aggregated East region,
which includes this subregion, Karl et al.
(1988a) reported that the annual average

T temperature time series can be divided into

_0 three epochs: a warm epoch from the early
1920s to the mid ]950s, preceded and
followed by periods during which
temperatures were generally at or below the
mean for the century.

:!
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Great Lakes

Year Ann* Win Spr Sum Fall Annt :. Year Ann*
1901 7.26 -6.78 6.48 21,35 8.82 7.47 i! 1945 7.29 *

1902 7.51 -6.83 7,87 18.78 10,00 7.46 f 1946 8.63

1903 6,98 -6, 37 8,48 18.35 8.42 7.22 1947 7.64
1904 5.86 -10.4 5.54 18.56 9,04 5.69 1948 7.79

1905 6,87 -9,01 6,78 19.56 9,01 6.58 i 1919 8,64
1906 7,79 --4.07 5,85 20.07 9,67 7,88 : 19:;0 6,70

1907 6.51 -5.98 4.75 18.81 8.07 6.41 :i 1951 6,991:

1908 8.00 -5,04 7.36 19.68 10.40 8,10 ii 1952 8.32

1909 7.27 -4,50 5,37 19.95 9,31 7.53 ii 1953 8.851910 7,57 -7.39 8.57 20.11 8,81 7,52 1954 8,24i.

1911 8,16 -5.39 7,71 20,53 7,99 7,71 ii 1955 8,28

1912 6.46 -8.39 5,68 18.87 9,94 6.52 i 1956 7,77

1913 8.15 -5,01 6,52 20.52 9,99 8,01 ii_ 1957 7,78
1914 7.48 -4.72 6.69 20..30 10.10 8,04 ii 1958 7.16
1915 7.41 -5,87 6,79 1L70 10.15 7.19 i:: 1959 7.83

1916 7.11 -5,97 5.65 20.5;_ 8.90 7.28 i! 1960 7.35
1917 5.42 --8.52 5.04 18.81 7,13 5.62 ii 1961 7,85

1918 7,46 -9.77 7,94 20.05 8,81 6.76 ii 1962 7.21
19'19 7.91 -2,85 6,63 21.17 9.46 8.60 ii 1963 7,14

1920 7,21 -9.10 5,79 19.35 10,67 6,67 ii 1964 8.14
1921 9,49 -2.95 9,60 21.95 9.72 9.58 1965 7.35

1922 8.19 .5,66 8,13 19.97 10,74 8.29 _:i! 1966 7.2 i

1923 7,49 -6,35 5,07 20,24 9,16 7.03 ii 1967 7,11
1924 6,24 --4,97 5,09 18,61 9,'12 6.96 ::i 19¢'_ 7)34

t

1925 7,43 -6,36 7.36 20.26 7,79 7,26 _ 1969 7.37

1926 6.52 -5,60 4,64 19.16 7,96 6.54 ii 1970 7.67

1927 7,70 -5,40 7,12 18.05 10,74 7.63 ii:: 1971 7.80

1928 7.56 75,26 5,91 19.27 '),23 7.29 ii 1972 6,68
1929 6.74 -7.21 7,69 19.14 8,28 6.97 !! 1973 8,77
1930 8,11 -5,21 7,15 20.62 9.60 8,04 il 1974 7,60

1931 9,69 -3,04 6,61 21.20 12.55 9,33 !_ 1975 8.02

1932 7.96 -1,13 5,47 20,69 8,36 8..35 ::ii 1976 7.10

1933 8,35 -3,87 6,83 21.48 9.01 8,36 !ii! 1977 7,77
19.34 8.04 --5,78 6,75 21.31 10,32 8,15 ii 1978 6,78

1935 7.28 --5,93 6,'10 20.27 8,77 7,30 !i 1979 6,80
19_ 7,26 -9.31 7.12 21,12 8,78 6.93 i_ 1980 7.30

ii%

1941 8,68 -4,71 7.56 20.54 10,74 8,53 il 1985 7,44
1942 7.85 -4.40 8,49 20.01 9,_ 8.35 !i 1986 8,18

1943 7._4 --6,47 5.24 21.08 8,00 6,96 ii 1987 9.3l

1944 8.24 -3,80 6.41 21,00 10.06 8.42 ii
_._.'....__.._..._....__.....'_.__.'..._..___....'.._...'_..'.._......'........._._.'....'_.._'._'.._._........__

• Calendar year mean (Jan-Dec).
•t'Season year mean = (Win = Dec-Feb; Spr = Mar-May; Sum = Jun-Aug; Fall = Sep--Nov).
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U.S. Regional Temperatures

Average Temperature (°C), 1901-1987 ........................................................RE_ER__ES"I ..................................................

Win Spr Sum Fall Ann't" Karl, T.R., G, Kukla, and J, Gavin. 1984.
-7,01 8,30 18,95 9,11 7.33 Decreasing diurnal temperature range in
-.5.81 8,85 19,31 10,69 8.26

-4.91 5.08 20,41 10.44 7,75 the United States and Canada from 1941
•-6,67 7.07 20,12, 10,34 7,71 through 1980. Jourtlal of Climate and

-3,82 7.28 21,58 9,36 8,60 Applied Meteorology 23:1489-1504.

-4,13 4,76 18,75 9,04 7,10 Karl, T.R., G. Kukla, and J. Gavin, 1986.
-6.42 6.77 18,93 7,87 6.79 Relationship between decreased
-4.37 6.79 20,88 8,91 8,05

-3,03 6,86 20,81 10,91 8,89 temperature range and precipitation trends
-3.05 6,30 20,21 9.92 8,34 in the United States and Canada,

-5A7 8,40 21,54 9,19 8,49 1941-1980. Journal of Climate andApplied
-5,69 5.67 19,87 9,87 7,43 Meteorolo_ 26:1878-86.
-4,95 7,01 20,16 8,80 7,76 Karl, T.R., C.N. Williams, Jr., P,J, Young,
-5,21 7,14 18,84 10,09 7.71
-8,20 7.54 21,12 8,41 7,22 and W.M. Wendland. 1986. A model to
-3,80 5,9.25 19,40 10,33 7.79 estimate the time of observation bias
-5.52 6,19 19,86 10,46 7,75 associated with monthly mean maximum,

-7,09 7,48 19,44 9.26 7,28 minimum, and mean temperatures for the
-9.05 7,20 19,87 11,55 7,39 United States. Journal of Climate and i
-5,89 7,85 19,92 9,44 7.83

-6,40 6.03 18.94 9.28 6,96 Applied Meteorology 25:145--60. i
i -5.10 6,12 20,37 8.88 7.57 Karl, T.R., R.G. Baldwin, M.G. Burgin. _

-5,71 6,15 19.28 8.24 .5,99 1988a. Tittle series of regional seasonal i
-5,83 7,82 20,01 10,02 8,00 averages of maximllm, minimum, at_d I

-5,60 6,76 19.55 8.82 7,38 average temperature, and diurnal-7,21 6.99 20,61 10,06 7,61

-6,40 5,71 19,93 11,25 7,62 temperature ratlge across the United Slates:

-5,80 6.13 19.18 8,26 6.94 1901-1984. Historical Climatology
-4.8o 8.0o 20.9,; 1.0.68 _.72 Series 4-5. National Climatic Data Center.

-5,65 7,01 19,78 8.67 7,45 National Oceanic & Atmospheric
-4,09 6,09 20,49 9,95 8,1l Administration, National Environmental

-4,62 7,75 20,19 6,80 7,53 Satellite, Data, and Information Service.-9.29 10.39 19,67 9.26 7,51

-.8,77 6.04 1'9.80 ').80 6,72 Asheville, North Carolina.
-9,15 6,51 19,41 9,32 6.52 Karl, T.R., H.F. Diaz_ and G. Kukla. 1988b.
-5.28 6,82 20,3_ 8,56 7,59 Urbanization: its detection and effect in
-5,54 7.64 20.08 8.80 7,74 the United States climate record. Journal
-7,71 7,02 18,89 9.62 6,95

-2,10 6,22 21,56 10,05 8,93 of Climate 1:10t_)-1123.

-6,41 5,33 20,60 9,63 7,27 Karl, T.R., C.N. Williams, ,lr., and
-5,93 9,40 18.95 9,56 8,(X) F,T. Ouinlan, 1_)0. United States ttistorical

-6,87 8.82 19,68 9,08 7,68 Climatology (HCN) serial tetnpemture and
,-3,17 9,48 21,29 9,_ 9,21 precipitation data, NDP-019/R1. Carbon

Dioxide Information Analysis Center, Oak

Ridge National Laboratory, Oak Ridge,
Tennessee.

,, ...................................................................................................... ',
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BACKGROUND

Principal Investigators _.)--.
Thomas R: Karl o
Ronald: G. iBaldwin "-"

Michael G; Burgin ¢0 h
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Asheville, North Carolina 28801,U,S.A;AtmosphericAdministration _ 12 illtj) lrl - [li

Sponsoring agencies .-_ _ . _; -
U.S. Department of Commerce ::3 ][ i

National Oceanic and .c=_ [

"" 11 - IIU.S. Department of Energy ¢--

IICarbon Dioxide Research Program _ '

Period of record- 1901-1987. :

Method- After comparing each station's f 10
data in the _219-station Historical , _ .... , " _ ' 'l' '

Climato!o[;y Network (HCN) (Karl et al. _i 1900 1930 1960 1990
ii 1990) to data from its twenty nearest ,: Annual calendar year average temperature.

neighbors, stations were selected based on
confidence, missing data, and consistency

!icriteria. Ali data were adjusted for time of

i observation biases, station and instrument

i hanges, and urban heat island biases.Twenty,.three regions were formed by

I subjectively considering the climate _!characteristics across the country, the ::

i terrain, the continentality , and the _
vegetation. As an additional constraint, each ii:
region was required to have boundaries :i
coinciding with NCDC'_ climate divisions, ii
For further details see Karl et al. (1988a). _:

::iData availability-These data are awfilable i_
ii from NCDC and CDIAC. The complete i:

ii::HCN data set (Karl et al. 1_0) is available il
from CDIAC, :! Eastern' Prairiesii.....................................................................................................................................................i..............,.......................=
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U.S. Regional Temperatures
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TRENDS

On the basis of regional seasonal
temperatures (i.e., maximum, minimum,
average, and diurnal range) for the United
States, Karl et al. (1988a) concluded that the

climate has changed over the recent century
but that the changes have not been
monotonic for the most part. Instead, the
changes are somewhat unsteady and
sometimes occur over a relatively _hort
period of time. Karl et aL (1988a) also found
a considerable amount of detailed

information for each regional time series but

reported that their salient features often
could be summarized in time series plots for
three aggregated regions: West, Central, and
East. For the aggregated East region, which
includes this subregion, Karl et al. (1988a)
reported that the annual average
temperature time series can be divided into
three epochs: a warm epoch from the early
1920s to the mid 1950s, preceded and
followed by periods during which
temperatures were generally at or below lhc
mean for the century.
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Eastern Prairies

Yenr Ann* Win Spr Stim Fall Annt Yet_r Ann*
1901 11.50 -0,38 10,55 24,78 12,13 11.77 1945 11.89
i902 11,84 -2;55 12,39 22,91 14,01 11,69 1946 13,13
1903 11_52 -0,38 13,09 22,18 12,14 11,76 1947 11,80

1904 '10,95 -2,93 10,60 22,26 12,88 10,70 1948 12,20

1905 11,59 -3,12 12,87 23,33 12.98 11,51 _!i 1949 12.92!!i
lt_ 12,15 0,83 10,72 23,35 13,.36 12,06 ii} 1950 11,52

1907 11.67 1,55 10,(_q 22,50 11,97 11,67 i! 1951 11.71
1_8 12.71 0.62 13.10 23,27 13,75 12,68 1952 12,76

1_9 12,07 2,23 10.97 23,39 1,3,60 12,55 1953 13,19

1910 11,63 -1,97 12,65 22,47 12,88 ' 1'1.50 1954 13,13
1911 12,94 11,12 12,23 23,76 12,96 12,52 1955 12,52
1912 11,09 -2,13 11,10 22.40 13,46 11,21 1956 12,56

1913 12,87 1,21 11,57 24,64 13,71 12,78 1957 12.35
1914 12,17 0,79 11,34 24,72 13,54 12,60 1958 10.99

1915 11,89 -0,27 10,99 21,63 14,30 11,66 1959 12.40

1916 11,08 0,69 11,16 23,48 12,(.K) 1Z06 1960 11,30

1917 10,43 -0,47 10,30 22,22 11,10 10,78 :i: 1961 11,74

1918 12,10 -3.87 13,12 23,69 12,30 11,31 1962 11,75

1919 12.55 2,54 11,51 24,03 14,37 13,12 1(_3 11.31

1920 11,53 -1,64 10,69 22.30 13,63 11.25 ;!_ 1964 12,39
1921 13,89 2,35 14,04 24,64 14,20 13,80 1965 12,29

,,,

1922 12,92 1,19 '13,01 23,32 14,32 12,96 ::: 1966 11,39
1923 12,14 1,03 10.59 23,22 12,48 11,83 1967 11,55

1924 10,92 0,88 9,69 22,59 12,83 11,49 !_ 1%8 11,51
192.5 !2,35 0,75 12.31 23,79 12,49 12,33 :r: 1969 11.37
1926 11,55 0,35 9.61 23,09 12,83 l 1,47 !i_ 1970 11.93

1927 12+_;1 1,44 12,25 21,36 14,95 12.50 ii 1971 12,22

I928 11,75 0.41 10,48 22,04 12,00 11,61 i!! 1972 11,61
1929 11,49 -0,88 12,89 22,40 11,95 11,59 !ii 1973 12,78

1930 12.51 1,40 12,02 23.88 12,9<) 12.57 ::: 1974' 12,01
1931 13,46 1,68 10,18 24,11 16,11 13.02 !_ 1975 12.M
1932 12,47 5.06 10.57 23.85 12,04 12,88 i_ 1976 11,2i

1933 13,16 1.91 11,94 24,16 13,59 12,_ i!_ 1977 11,87
1934 12,70 1,08 11,60 25,38 13,97 13,01 !!i 1978 10,85
1935 12,01 0,86 11,83 23.39 12,91 12.25 ?!? 1979 10,92

1936 12,24 -3,58 12,19 25,47 13,06 11.78 i?_ 1980 11,66

193'7 11,64 1,80 10.77 23,56 11,48 11.._KI i!_ 1981 11,66
1938 13,21 1,49 13,35 23,45 14,01 13,07 ::: 1982 11,75

1939 12,84 1,72 11,8.5 23,43 13,92 '12,73 !_i 1983 12,06

1940 11,24 -1.84 10,12 23,40 12,83 11,13 ::: 1984 12,01
1941 12,83 0.97 11,89 23,83 14,64 12,83 i!_ 1985 11.75

1942 12,18 0.57 12,76 23,45 13,44 12.55 iii 1986 12,69

1943 11,94 0,62 10,73 24,(')6 11,65 11,91 ii} 1987 12,94
1944 12,50 1,27 11,95 24,19 13,14 12,64 ii::

:ii

*Calendar year mean (Jan-Dec),

]'Season year mean (Win = l)ec-Fcb; Spr = Mar-May; Sum = Jun-Aug; Fall = Sol.Nov ),
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U.S. Regional Temperatures
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Average Temperature (°C), 1901-1987 REFERENCES
m* Win Spr Sum l,'aU Annt Karl, T,R., G, Kukla, and J, Gavin, 1984,

.89 -1.!0 13.10 22,41 13,33 11,93 Decreasing diurnal temperature range in
•A3 0,Z_i 13,63 22,35 14,24 12,62 the United States and Canada t'rom 1.941
,80 0,88 9,87 23,20 13,95 11,98
-.20 .-0,70 12.53 23,28 13,27 12,10 through 1980.Journal of Climate and
,92 2,86 11,68 24,15 12.85 12,89 Applied Meteorolol,,y 23:1489-1504,

,52 3,27 10,56 21,76 12,50 12,02 Karl, T,R,, G, Kukla, and J. Gavin, 1986,

'_,31 -43.42 11,08 23,01 11,86 11,38 Relationship between decreased

'i76 2,37 11.44 24,78 12,06 12,(_ temperature range and precipitation.A9 2,70 12,03 24.40 13,90 13,26
;,13 2,49 11,59 24,59 13.93 13,15 trends in the United States and Canada, ::
•,52 0,59 13,33 23,60 13,04 12,64 1941-1980. Journal of Climate attdApplied

•,56 0,39 11,57 23,21 13,40 12,14 Meteorology 26:1878-86.

",35 2,06 12,14 23,37 12,22 12,,15 Karl, T,R, C,N, Williams, Jr,, P.J, Young,
,.99 ---0,48 10,80 22,33 13,38 11,51 and W.M. Wendland. 1986. A model to
_,40 -1,14 12,43 23,72 12,64 11,91
.30 1,06 9,24 22,85 13,87 11,75 estimate the time of observation bias

-,74 --0.58 10.58 22,39 13,76 11,54 "' associated with monthly mean maximum,
-,.75 .-020 42,00 22,97 12,86 11,91 minimum, and mean temperatures for the

:,31 -3,30 12,60 22,60 14,50 11,60 United States. Journal of Climate and

;.39 -1,67 12.78 23,27 13.07 11,86 Applied Meteorology 25:145--60,.,29 0.40 11,80 22,59 13,48 12,06
:,39 0.24 11.02 23,17 12,13 11,64 Karl, T.R,, R,G. Baldwin, M.G. Burgin.
i,55 0,31 12,17 21,84 11,4,5 11,44 1988a. Time series of regional seasonal :' i.

i,51 --0,99 11,58 23,33 12,87 11,70 averages of maximum, minimtvn, and

_..37 -0,34 11,00 23,07 12,11 11,46 i average temperature, and diurnal ::

i;93 -2.16 12,05 22,83 13,76 11,62 temperature range across the United States:_,,22 0,10 10,26 22,87 14,87 12,02
i,61 1,40 11,78 22,22 12,39 11,95 1901-1984. Historical Climatology
_.,78 0,61 12,32 23,52 14,80 12,_1 Series 4-5. National Climatic Data Center.
LOl 1,12 12,73 22,20 11,86 11,94 National Oceanic & Atmospheric
).,M 1.43 11,07 23,33 13,26 12,30 Administration. National EnVironmental
t.2t 151 12.49 22,19 9.92 11.55 ' Satellite, Data, and Information Service.
I187 -4,11 14,46 23._ 13,22 11.75
).85 -4,67 10,.58 23,22 13,65 10,67 Asheville, North Carolina.
),92 -3.41 11,54 22,58 12,69 10.84 Karl, T,R,, H,F. Diaz, and G, Kukla. 1988b,
1,66 -0,41 10,65 24,14 12,61 11,76 Urbanization: its detection and effect in
1,66 -0,15 11,83 23,18 12,47 11,82 the United States climate record. Jollrtlal

1.75 -2.19 12,03 22,11 13,14 11,24 of Climate 1:10tZ_-1123.
_,06 2.53 10.58 24,50 13,78 12,87
_,oI -1,45 9,7,) 23,30 13,29 11,23 Karl, T,R,, C.N, Williams, Jr., and
1,75 -0.67 13,60 22.28 14,49 12.42 F.T. Quinlan, 1_)0, United States Historical
_,69 -0,69 13,10 23,37 13.55 12,33 ClimatoloL_, (HCN) serial temperatttre atm

_.94 0,92 13..34 24.13 12,80 12,82 precipitation data. NDP-019/R1. Carbon
i Dioxide Information Analysis Center, Oak

Ridge National Laboratory. ()ak Ridge,
Tennessee, i
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PrinciPal Investigators I _-

Michael G. Burgin _ 8-

NationalOceanieandAtmospherie _ .'_!l 1 'Jill l li li _ !l I

National Climatic Data Center • -' /,
ta. [ '

Federal Building _ ' [ '
Asheville, North Carolina 28801, U,S,A, 7- i

i! / " I

Sponsoring agencies -_ li'[ ] ]

' U,S. Department of Commerce _ _
National Oceanic and

Atmospheric Administration '_ 6-
U.S. Department of Energy

Carbon Dioxide Research Program _

Period of record,- 1901-1987. _-
Method- After comparing each station's ii
data in the 1219-station Historical :_ -- _----_---X

Climatology Network (HCN) (Karl et al. _:iii 1900 1930 1960 1990
1990) to data from its twenty nearest Annual calendar year average temperature.

• neighbors, stations were selected based or,
confidence, missing data, and consistency
criteria. All, data were adjusted for time of
observation biases, station and instrument
changes, and urban heat island biases.
Twenty-three regions were formcd by
subjectively considering the climate
characteristics across the country, the
terrain, the continentality, and the.
vegetation. As an additional constraint, each

region was required to have boundaries --"_-

:, coinciding with NCDC's climate divisions.

_iFor further details see Karl et al. (19&%)_

:iData availability-These data are available
from NCDC and CDIAC: The complete

iiHCN data set (Karl et al. 1_)0) is available _i_i
I from CDIAC. '
il..'.........................................................................................................................................................................i! Northern Appalachians

.
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b

U.S. Regional Temperatures

TRENDS

On the basis of regional seasonal

temperatures (i.e., maximum, minimum,
average, and diurnal range) for the United

States, Karl et al, (1988a) concluded tha! the
climate has changed over the recent century i
but that the changes have not been i

monotonic for the most part. Instead, thechanges are somewhat unsteady and
sometimes occur over a relatively short

period of time. Karl et al. (1988a) also found
a considerable amount of detailed

information for each regional time series but
reported that their salient features often
could be summarized in time series plots for
three aggregated regions: West, Central, and
East. For the aggregated East region, which
includes this subregion, Karl et al. (1988a)
reported that the annual average
temperature time series can be divided into

n t three epochs: a warm epoch from the early
1920s to the mid 1950s, preceded and

i!folk_wed by periods during which
temperatures were generally at or below the

i mean for the century.

_::
il
:i

i:

::

::::

_i

,, , _ , , ,.. , _,. e I
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_[ iJi_,

Northern Appalachians

Year Ann* Win Spr Sum Fall Annt :..: Year Ann*l

1901 6.80 -6.66 5.95 20.15 7.77 6.80 ii 1945 7.31
1902 6.83 -6.24 6.93 17,60 9.56 6.96 !_ 1946 8.00

1903 6.89 --5.48 8.23 17.15 8.lP, 7.00 li 1947 7,46
1904 5.35 -9.23 5,48 18.24 7.10 5.40 Ii 1948 7,45

1905 6,29 -8.78 5,64 18.59 8.06 5.88 .:il 1949 8.73
1906 7.11 -3.68 4.71 !9.55 8.80 7.34 1950 7.15

1907 5.96 -7.18 4.41 17.8'1 7,68 5.68 1951 7.54

1908 7.24 -5,61 6,32 19.22 9.67 7.40 1952, 8.00
1909 6.80 -4.22 4,96 18.32 8.59 6.91 1953 8.72

1910 6,84 -6,15 7.64 18.38 8,27 7.04 1954 7.52

1911 7.41 -6.29 6.07 19.47 7,83 6.77 _ 1955 7,66

1912 6.31 -6.74 5.11 17.61 9,56 6.38 i 1956 6.88

1913 7.98 -3,10 6,80 18.72 9,70 8.03 1957 7,62

1914 6.42 -6.09 5.48 18.61 8.84 6.71 1958 6.42

1915 7.29 -a,57 5,54 17,92 9,83 7 18 i! 1959 7.75

1916 6,78 --4.96 4,54 1°..20 8.56 6,83 ii 1960 7,16
1917 5.22 -6.67 4.20 18.85 6,24 5.65 1961 7,42
1918 6.82 -9.53 7,20 18.54 8,36 6,14 1962 6.70

1919 7.45 -3.12 6,08 19,50 9.13 7.90 1963 657

1920 6,61 -8,63 5,45 18.45 9,66 6.23 1964 7._0

1921 8.57 -3.49 9.23 19.92 9.34 8.75 1965 6.92

1922 7.48 -5.63 7.02 18,87 9.44 7.43 1966 6.97

1923 6,60 -6,75 4.42 18.38 8,73 6.19 1967 6.92

1924 5.99 -4.46 ,1,49 17.96 8.09 6.52 _i': 1968 6,93

1925 6.85 -5.26 6.15 18.79 7.30 6.74 iii 1969 7,02

1926 5.69 -5.73 3,23 17.86 8.14 5.87 1970 6.98

1927 7.26 -5,41 6.15 17.08 10.10 6,98 1971 7.03

1928 7.07 -4.63 4.79 18.94 8.59 6.92 _ 1972 6.40

1929 6.91 -4.82 6,90 17.99 8.59 7.17 :: 1973 8.21
1930 7,52 -4,41 5,89 19,03 9,34 7.46 !i 1974 7,05

19311 8,41 -4,85 6.57 19.58 11,48 8.20 iii 1975 7.74

1932 7.74 -1.35 4.72 18.73 8,93 7,76 ill 1976 6.47

1933 7.73 --1.77 6.47 19.77 %74 8.05 ii:: 1977 7.14

1934 6.87 , -7.(/1 6,04 19.53 9,68 6.90 ii!i 1978 6,26
1935 6,68 -6.49 5,41 19,50 8.69 6.78 ii_ 1979 7.19

1936 6,99 .-7.99 7.05 19.13 8.29 6,62 i!i 1980 6.62

1937 7.55 -2.32 5.08 20,11 8.22 7,77 ! 1981 7.24
1938 7,93 -4,93 7,16 19,90 8,90 7.76 1982 7.26

1939 7.29 -4.32 5.26 19,74 8.52 7.30 ,;i!i! 1083 7.92
194,0 6,10 -6.69 4,39 18,72 7,78 6.05 ii 1984 7.51
1941 7.59 -5,19 6,17 19,22 10.00 7.55 ii 1985 7.16

!!:
1942 7.55 -5.15 8.33 19,13 9.31 7.90 ! 1986 7,45
1943 6.55 --6.25 4.66 19.82 7,98 6.55 _ 1987 7,75

1944 7,33 -5.35 5.87 19,95 8,94 7,35 ili

::,.::::::::::::::::.:...::.,:::..:..::::::..:::,.:::°.o,:: .:::. _::i

"Calendar year mean (Jar, -Dec).

! ?Sea_n year mean (Win = Dec-t'eb; Spr = Mar-May; Sum = Jun-Aug; Fall = Sei_Nov ).
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U.S. Regional Temperatures

Average Temperature (°C), 1901-1987 REFERENCES
Win Spr Sum Fall Ann* Karl, T.R., G. Kukla, and J. Gavin. 1984:

-7,29 8,34 18,84 9,37 7,31 Decreasing diurnal temperature range in
-5,98 7,93 18,03 10,73 7.68 the United States and Canada from 1,941
-.4,47 5,28 19.82 10,08 7,68

-7,01 6,54 19,12 10,05 7.18 through 1980.Journal of Clitnate and

-1,93 6.78 21,0: 9,04 8.73 Applied Meteorology 23:1489-1504.

-2,73 4,61 18,56 9.07 7,38 Karl, T.R,, G. Kukla, and J, Gavin. 1986.

-4,08 6.80 18.67 8,35 7,43 Relationship between decreased :
-.3,51 6.14 19.95 8,93 7.88
-2,21 7.22 19,38 10,01 8.60 temperature range and precipitation
-3.06 6.25 18,54 9,56 7,82 trends in the United States and Canada, :_

-5.43 7.66 20.53 8,77 7,88 1941-1980. Journal of Climate and Applied

-5.43 4,09 18.27 8,77 6,43 Meteorology 26:1878-86.

-4,32 6,75 18.83 9.11 7,59 Karl, T.R., C.N. Williams, Jr,, PJ, Young,
-5,08 6.32 17,99 9.13 7.09

and W.M. Wendland. 1986. A model to
-7.71 6,73 20.16 9,54 7.18

-3,57 5,60 18,48 9,64 7.54 _i estimate the time of observation bias
-6.70 5.43 18.93 10.90 14 associated with monthly mean maximum,
-5,5'7 6,84 18.46 7.92 ,.91 minimum, and mean temperatures for the
-7,57 6.11 18,54 9.99 6,77 United States. Joltrtlal of Climate and

-6,17 7.24 18,44 8.79 7.07 Applied Meteorology 25:145---60,-5.32 5,79 17,92 8.71 6,78

-4.73 5.50 19,18 8.65 7,15 Karl, T.R., R.G. Baldwin, M.G. Burgin.

-4.70 4.62 19,41 7.97 6.83 1988a. Time series of regional seasonal

-6,70 7.04 18.81 9.61 7,19 averages ofma2qmum, minimum, and
-5,51 5.89 19.00 8.87 7.06 _ average temperature, and dittmal
-7,75 6.19 19.06 10.22 6,93

temperature range across _,he United Stales:-630 4.48 18,63 10,.34 6.74 :

-4.81 5.0o 18,19 7.51 6,47 1901-1984. Historical Climatology
--4.53 7.66 20,19 9.48 8.20 Series 4-5. National Climatic Data Center,

•4.50 6.04 18.75 7.74 7,00 National Oceanic & Atmospheric
-3.38 5.70 19,67 9.73 7.93 i Administration. NationalEnvironmental
-5.37 6.96 18,71 6.63 6.73
-8 16 8.35 18.50 9.02 6,93 i Satellite, Data, and Information Service.
-7,96 5,24 19.06 8,19 6.13 : Asheville, North Carolina.

-7.33 7.22 18,73 9.54 7.04 i Karl, T.R,, H.F. Diaz, and G. Kukla. 1988b.

-4,85 6,23 18.98 7.80 7.06 Urbanization: its detection and effect in
-6.18 7,13 19,00 7.87 6.95 ::i the United States climate record. Journal

-6.45 6.38 17.95 9.85 6.93 of Climate 1:11Y_-1123.

-2.38 6,46 19,90 9,(_'i 8.44 ii Karl, T.R,, C.N. Williams, Jr., and-4.90 4,67 19.41 9,01 7,05 i:

-4,74 7,41 17,99 9,81 7.62 i: F.T. Quinlan. 1_. United States Historical

-.5,94 7,95 18,24 8,35 7,15 Climatology (HCN) serial temperature and

-5.04 7.96 19,49 8.35 7.69 precipitation data. NDP-019/R1. Carbon
Dioxide Information Analysis Center. Oak

Ridge National Laboratory. Oak Ridge,

::_ Tennessee,
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BACKGROUND 14-
Principal investigators !

07homas R. Karl o
Ronald G. Baldwin

Michael G. Burgin
L-

National Oceanic andAtmospheriCAdministration _ 13 - [/1 [ ] ii ]]l[, ] [iii[

National Climatic Data Center

Federal Building E ]I _. t r 'IIi/,lii, iit/jill]

Asheville: North Carolina 28801, U.S.A. _ i [ 11U.S. Der)artment of Commerce : _

National Oceanic and e-(:: ' -j"tl
Atmospheric Administration ¢1: -

U.S. De _artment of Energy e-
Carbon Dioxide Research Program _

Period of record- 1901-1987. _:

I Method -- After comparing each station's 11
t data in the 1219-station HistoriCal t . _ , 1"

iiClimatology Network (HCN) (Karl et al. 1900 1930 1960 1990
i 1990) to data from its twenty nearest i Annual calendar year average temperature,
! neighbors, stations were selected based on

confidence, missing data, and consistency i
criteria. Ali data were adjusted for time of
observation biases, station and instrument
changes, and urban heat. island biases. !ii!

Twenty-three regions were formed by '

:: subjectively considering the climate , ._
characteristics across the country, the

i terrain, the continentality, and the .5

f vegetation. As an additional constraint, each . 4__, I
ii region was required to have boundariesf coinciding with : 'CDC's climate divisions, i

For further details see Karl et al. (1988a), ! r/

Data availability'" These data are available i ._'__
from NCDC and CDIAC. The complete i
HCN data set (Karl et al. 1.990)is available ii

from

CDIAC.
'.... i Southern Appalachians
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U.S. Regional Temperatures

On the basis of regional seasonal
temperatures (i.e., maximum, minimum,
average, and diurnal range) for the United

" States, Karl et al. (1988a) concluded that the
" climate has changed over the recent century

but that the Changes have not been
monotonic for the most part. Instead, the

changes are somewhat unsteady and
sometimes occur over a relatively short
period of time. Karl et al. (1988a) also found
a considerable amount of detailed

information for each regional time series but
reported that their salient features often
could be summarized in time series plots for
three aggregated regions: West, Central, and '

East. For the aggregated East region, which
includes this subregion, Karl et al. (1988a)
reported that the annual average

T temperat,,re time series can be divided into

_0 three epochs: a warm epoch from the early
1920s to the mid 1950s, preceded and

followed by periods during which
temperatures were generally at or below the
mean for the century.

:
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Southern Appalachians
,¢:.:_,::::::::::.:.:::': ,:: .'::._./..:.:::_ _.::'._.#.' _ .::.::.:_.::.:.:,_.¢::::.:.::::::._.:::::_,::::::::::::::::::::::::::::::::: :::.:::._:':,:::': :e,::.:_,::::,:..: .::,:._:':::::_,:_, ::'2:,,:_.::',/,_:::::.:_2.::_.:._:./2.::_._:: :,..::_::,_":'%:.:':"f:':+'::'::::_:',_/,',:":':'::.:: ::_::,::':':/.':'/,_.:._,_*:f,+::*%:',_ ::::,":_._,°_'e_::%

Year Ann* Win Spr Sum Fall Ann# _. Year Ann*l
1901 11,31 1,21 10,64 22,76 11.29 1i,48 f 1945 12,77
1902 12.06 --0,21 12,05 22.17 13,75 11.94 il 1946 13.15

1903 11,80 2,03 13.08 21.4_. 11.69 12.05 1947 12,15
1904 11,18 -0,79 11,01 21.43 12.30 10,99 1948 12.67
1905 11,80 -0.82 12.95 22,00 12.81 11.73 1949 13,39
1906 12,44 2,56 11,14 22.38 13.32 12,35 1950 12,37

1907 11.85 3.24 11,37 21.15 11.93 11.92 1951 12,48

1908 12,23 0.70 13,55 21.81 12.55 12.15 1952 12,86
1909 12,15 4,13 1i.38 21.68 12,74 12.48 1953 13.16
1910 11.79 0.48 12,60 21,33 12,95 11.84 1954 12,71

1911 13,07 2.60 11.58 22,80 13.47 12,61 1955 12,40
1912 11.77 0,38 12,03 21,45 13,60 11,86 1956 12.51

'1913 12,90 3.84 12.44 22.49 12,68 12.86 1957 12,77

1914 12.00 2.28 11.30 22.98 12.64 12.30 1958 11.4
1915 12,01 !,67 10.89 21,35 13,80 11,92 1959 12.67

1916 12,14 2,71 11,64 21.79 12,28 12.10 1960 11.46

1917 11,02 2.15 11,08 21.70 10.82 11,44 !!! 1961 11,94

1918 12,'19 -1,17 12.99 21.72 12.40 11.48 1962 11,85

1919 12,76 3.24 12.08 122.23 14.77 13.08 ._i 1963 11.39
1920 1151 0,84 !0.59 21,19 13.00 11,41 1964 12.13
1921 1355 3.05 13,81 :22.45 14.38 13,42 1965 12,32

1922 12,91 3.31 12,88 22,00 13.36 12.89 !_ 1966 11.49
1923 12.38 2.90 11,35 22,10 12.46 12.20 ii 1%7 11.68

1924 11,30 2.51 10,13 21,97 12.00 11,65 ii! 1968 11,59

1925 12,68 3,05 12.06 22.75 13,10 12,74 1969 11.57
1926 11,86 1,84 10,17 22.16 12.94 11.77 1970 12,32

1927 12.68 3,63 12,17 20.68 14,27 12.69 1971 12,27

1928 11,85 2,19 10,69 21,90 12.57 11,84 1972 1,2.00

1929 12,22 1,79 12,95 21,34 12,62 12.18 !! 1973 12.72
1930 12,39 3,74 11,90 22,25 12.74 12.66 iii 1974 12.59
1931 13,23 L90 10,43 22.80 15.50 12,66 !i_ 1975 12,67

1932 13,01 6,85 10,93 22,71 12,60 13.27 i 1976 11,54
1933 13.18 3,99 12,35 22,39 13.47 13,05 l:: 1977 12.19

19.34 12.47 2,30 11.51 23.51 13,69 12,75 ii 1978 11.61

1935 12,48 2,34 12,47 22.57 13,64 12.76 i_!_i 1979 11,80

1936 12.50 -0.85 12,44 23,26 13,54 12.10 ti 1980 12,21

1937 12,27 4.32 11,13 22,80 11,35 12,40 il 1981 11.69

1938 13,05 3,27 13.24 22.20 13,36 13,02 _ 1982 12.44

1939 13,04 3,60 12,24 22,69 13,27 12,95 ! _983 12.12
1940 11,50 0,18 10.65 22,05 12,49 11.35 1984 12,38

1941 12,79 2,31 11,59 22,61 14,79 12,82 ::: 1985 12.48
1942 12,56 2.04 12,92 22.75 13,64 12,84 i!i 1986 12,91

!_i 1987 12.52
1943 12,44 2,72 11,41 23,48 11,88 12,37 ii!

1944 12.53 3,03 12,26 22,54 12,')5 12,70 iii
._°_e.____.__.._...._._....e._.__.._e_........_....e._.._.._¢_._._._.___.ee.__....._.___..__...¢._..¢e_

*Calendar year mean (Jan-Dec),

t_ason year mean (Win = Dec-Feb; Spr = Mar-May; Sum = Jun-Aug; Fall = Sep--Nov),

TRENDS '90
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U.S. Regional Temperatures
..... _......_._..'_.._..._.._..._._....`.._."_.'._._...'_.._.."._...._.'._.' ...... ,.... i,,

Average Temperature (°C), 1901-1987 REFERENCES
Win Spr Sum Fall Ann't" Karl, T.R., G. Kukla, and J. Gavin. 1984,

1.58 13.85 22,11 13,81 12,84 Decreasing diurnal temperature range in
1.93 13.30' m 21.51 14,12 12,72 the united Statesand Canadafrom 1941
2.72 11,01 21.96 13,74 12.36
1,29 13,32 22,31 13,17 1.2,52 through 1980, Journal of Climate and

5,72 11,91 22,85 13,14 13,40 Applied Meteorology 23:1489-1504.

5.58 11,20 21,43 12,55 12,69 i Karl, T,R,, G. Kukla, and J. Gavin. 1986.

2,01 11.68 22,48 12,68 1221 Relationship between decreased
4,24 11,82 23,52 12,1.1 12,92

3,78 12,90 22,80 13,11 13,14 temperature range and precipitation

3,45 11,82 22,74 13,30 12,82 ii trends in the UnitedStatesand Canada,
1,64 13,41' 22.15 12,77 12,49 1941-1980. Journal of Climate andApplied
1,74 11,45 21,98 12,55 11,93 +Meteorology26: i878-86.
4,86 1,2.58 22.13 12,70 13,07 Karl, T,R., C.N, Williams, Jr,, Pj. Young,

0.36 11.03 22,10 13,14 11.66 and W,M, Wendland. 1986. A model to _1,49 12.37 22,53 13,11 12,37

2,46 9,62 21,99 13,27 11,84 estimate the time of observation bias
0,70 10.71 21,36 13,93 11,68 associated with monthly mean maximum,
2.53 11.74 21,.54 12,40 12,06 minimum, and mean temperatures for the

•-0,75 12,62 21,32 13,05 11.56 United States.Journal of Climate and

•..o,19 12.22 21.91 12,59 11,63 Applied Meteorology 25:14,5--60,
2.53 12,20 21,50 13,06 12,32
1,35 11.31 21,88 12,01 11,64 Karl, T.R,, R.G, Baldwin, M.G. Burgin.

1,85 12,28 20,87 10,99 11.50 1988a. Time seriesof regionalseasonal

0,63 11.83 22.33 12,7) 11.89 averages of rnaximum, minirnum, and
0,73 11,16 22,37 12,13 11,60 average temperature, and diurrial

.-0,06 12.15 22,11 13,96 12,04 : ternperature rankle across the United States:
1.88 10,27 21.73 14,12 12.0o
3,71 11,39 20,94 12,45 12,12 1901-1984. Historical Climatology
2.88 12.09 22,43 14,M 12.94 Series 4-5. National Climatic Data Center.

4.32 12,86 21,11 12,09 12.59 National Oceanic & Atmospheric
3.45 1134 22.18 13,56 12,68 i Administration. National Environmental
2.90 12.44 21,10 10,48 11.73 Satellite, Data, and Information Service.

-1,27 13,79 22.53 13,_ 12110

-1,47 11.24 22,38 13,71 11,47 Asheville, North Carolina.
0,35 12,35 21,23 13,06 11.78 Karl, T,R,, H,F, Diaz, and G. Kukla, 1988b,

1,78 11,48 22,90 12,89 12,30 Urbanization: its detection and eft'ect in

1,18 11,65 22,41 12,11 11,,86 the United States climate record. Journal

0,85 12.35 21,73 13,12 12,01 of Climate 1:1099-1123,_ 3,10 11,07 22,55 12,86 12.54

1,57 10.62 21,96 13,19 11,88 Karl, T.R,, C.N, Williams, Jr,, and

2,47 13,07 21,43 1,4,92 12,97 F.T. Ouinlan. V.,90, United States Historical

1,62 12.57 22,78 13,79 12,72 Climatology (HCN) serial temperature and

i: 1.87 12.17 23,2,8 12.33 12,43 :: precipitation data. NDP-019/R1. Carbon
i! Dioxide Information Analysis Center. Oak

Ridge National Laboratory, Oak Ridge,

:_ Tennessee,
•. ................................................. . ................ ,,.., ................................
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Northern Piedmont

BACKGROUND 11_

Principal investigators _"
Thomas R. Karl _ o

National Oceanic and Atmospheric _ _ [Admim'strafion ., _ _ _ .

National Climatic Data Center _. 9- " . - " II l.j

Federal Building 17-_ [iiI-] [i][I li.li--,,[- ii _1

' Asheville , North Carolina 28801, U,S,A, I'_ I i II '

Sponsoring agencies "_ 8U.S. Department of Commerce

National Oceanic and _ I

Atmospheric Administration '_U.S. Department of Eaergy 7 -
Carbon Dioxide Research Program

Period of record - 1901-1987. ii

Method-After comparing each station's :i 6 - , _'
data in the 1219-station Historical _i ' _ ........ ' _ '

Climatology Network (HCN) (Karl ct al. _" 1900 1930 1960 1990
1990) to data from its twenty nearest I Annual calendar year average temperature.

i neighbors, stations Were selected based on'
i confidence, missing data, and consistency

criteria. Ali data were adjusted for time of
observation biases, station and instrument

changes, and urban heat island biases, i _t
! Twenty-three regions were formed by

subjectively considering the climate
characteristics across the country, the ..:_F
terrain, the continentality, and the

vegetation, As an additional constraint, each
region was required to have boundaries
coinciding with NCDC's climate divisions,

'For further details see Karl et al. (1988a).

Data availability-These data are available

i from NCDC and CDIAC. The complete

!i HCN data set (Karl et al. 1.990) is available
::!from CDIAC. Northern Piedmont• ' ,

!_ ............. c¢. ,, c¢. ,...v.,.,.. ,..- ,Y..-, -, ¢-Y¢- ¢,- ,, • ., °Y. ,y,° rc, ..i ,..,v. ,., .,.-, - ,', ,,;'
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U.S. Regional Temperatures

::.,,.,.,.....,....,.,....,.,........,....,...,.,,.,,...,.,.,,..,,...,,,..,....,.,...,,,.....,.,,,,,,.,..,.,.,..,,...,.,......,,.,.,.,,.,..,..,...,,...,...,.,.,.,...,..,..,,.,,.,,,.,,.,..,..,.,..,,.,,,..,..

! TRENDS
i:

On the basis of regional seasonal
_: temperatures (i.e., maximum, minimum,

average, and diurnal range) for the United
States, Karl wtal. (1988a) concluded that the
climate has changed over the recent century
but that the changes have not been

monotonic for the most part. Instead, the
changes are somewhat unsteady and

sometimes occur over a relatively short
period of time. Karl et al. (1988a) also found
a considerable amount of detailed

information for each regional time series but
reported that their salient features often

could be summarized in time series plots for
three aggregated regions: West, Central, and
East. For the aggregated East region, which
includes this subregion, Karl et al. (1988a)
reported thai the annual average
temperature time series can be divided into

13 three epochs: a warm epoch from the early
1920s to the mkt 1950s, preceded and
followed by periods during which
temperature s were generally at or below the
mean for the century.

TRENDS '90
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Northern Piedmont

Year Amt* Win Spr Stim Full Anni" Year Ann*
1901 8,19 -4,50 7,13 21,21 9,03 8,22 1945 8.91

1902 8,38 -4,23 8,67 18,81 10,72 8.50 1946 9,47
1903 8,30 -3.52 9,68 17.98 9,36 8,37 1947 8,99

1904 6,73 -7,10 7,01 19,21 8,24 6,84 1948 8,80
1905 7,83 --6,88 7,39 19,64 9,35 7,37, 1949 10,34

1906 8,57 -1,79 6,45 20,50 10,14 8,82 1950 8,74

1907 7,38 -5,48 5,86 19,02 9,00 7.10 1951 9,22

1908 8,77 -3,29 8,06 20,40 10,49 8,91 1952 9,53

19tY) 8,31 -2,23 6,81 19,38 9,75 8,43 I953 10,22

1910 8,47 --4,07 9,24 19,53 9,86 8,64 1954 9,24
1911 8,79 .-4,20 7,63 20,35 9,19 8,24 1955 9,30

1912 8,04 -4,58 7,16 19,16 10,64 8,10 1956 8,63

1913 9,56 -1,09 8,61 20,00 10,84 9,59 1957 9,49

"1914 7,85 -3,99 7,08 19,46 10,13 8,17 1958 8,15

1.915 8.69 -2,60 7,24 18,95 10,79 8,60 1959, 9,56

1916 8,04 -3,35 5,95 19,76 9,78 8,03 1960 8,73

1917 7,03 -4,07 5,76 20,28 7,84 7,45 1961 8,94:::

1918 8,25 -7.50 8.77 19,57 9,76 7,65 :ii!i 1962 8,18
1919 8,90 -1,43 8.10 20,11 10,37 9,;_0 ii 1963 8,32

1920 7.99 --6,39 6.54 19,58 10,76 7,62 ii 1964 8,86
1921 9,76 -1,82 19,49 20,48 10,61 9,94 ::: 1'965 8.55
1922 8,81 -3,79 8,49 20,01 10.59 8,83 ili 19:h5 8,72
1923 8.18 -5.18 6.49 19,68 10,04 7,75 1967 8,37

1924 7,72 -2,32 6,29 19,27 9,33 8,15 1968 8,65

1925 8.53 , -3,25 7,99 20,24 8,75 8,43 1969 8,80
1926 7,40 -3.52 5,55 19,21 9,40 7,66 1970 8,73

1927 8,74 -3.59 7,37 18.43 11,37 8.39 1971 8,91
1928 8,73 -2,22 6,52 20,22 10,03 8,63 1972 8,30

1929 8,71 -2,49 8,55 19.64 10,02 8,93 1973 9.84

1930 9,22 -.2,39 7,78 20,63 10,76 9,19 1974 8,91

1931 9,91 -2,74 8,10 20,77 12,61 9,68 1975 9.41

1932 9,30 0,34 6,82 20,12 10,27 9,39 1976 8.47

1933 9,11 -0.45 7,96 20,66 9,39 9,39 1977 8.95

1934 8,42 -5,55 7,71 20,53 10,74 8,36 1978 8.14

,li 1935 8,39 -4.30 7,34 20,69 10,33 8,52 1979 9,03
1936 8,69 -5,77 8,92 20,49 9,69 8,33 1980 8,69

1937 9,24 -0.30 7,09 21,30 9,60 9,42 198'1 8,94
1938 9.47 -2.69 8,65 21.08 10,41 9,36 1982 8,65

1939 8,90 -2,19 7.14 21,03 9,70 8,92 1983 9,39

1940 7,65 -4,13 5,96 19,58 8,_9 7,(_ 1984 9,15

1941 9,28 -3,18 8.14 20,32 11,64 9,23 ii:: 1985 9,10

1942 9,'10 -2.96 9,81 20.28 10,63 9,44 ::::;: 1986 9,14

1943 8.50 -3,91 6,80 21,39 9,61 8,47 ii 1987 9,34
1944 9.01 ,-3,19 7,71 21,18 10,31 9,00

_'_¢_`_`'._.._.`_`_._`_`_'`.`_`_`'_'_._'_`._.._._._; ;:;

"Calendar year mean (Jan-Dec),
"l'Season year mean (Win = Dec-Feb; Spr = Mar-May; Sum = Jun-Aug; Fall = _p-Nov),

TRENDS '90
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U.S. Regional Temperatures

AverageTemperature (°C), 1901-1987 .....................................................................................................REFERENCES
:t

i
Win Spr Sum FaU Ann't" Karl, T,R,, G, Kukla, and J, Gavin, 1984, :i

-4,73 9,98 19,95 10,74 8,99 Decreasing diurnal temperature range in +I
•.4,00 9,27 19,28 12,04 9,14 the United States and Canada from 1941_
-2,17 %18 20,57 11,16 9,19

-5,23 7,93 20,32 11,37 8,59 through 1980, Journal of Climate and

-.0,32 880 22,12 10,63 10,31 Applied Meteorology 23:1489-151M,
-1,05 6,36 19,75 lO,58 8,91 Karl, T,R,, G, Kukla, and J. Gavin. 1986,
-1,80 8.50 19,92 9.91 9,1_ Relationship between decreased
_lA6 7,85 21,28 10,14 9,45 temperature range and precipitation
-0,39 8,83 20,57 11,33 10,08
•-0,98 _ 8,07 19,88 10,92 9,47 trends in the United States and Canada,
-2,75 9,17 21.73 10,26 9,60 1941.-1980. Journal of Climate andApplied
-3,16 5,94 19,81 lO,05 8,16 _eteorology 26:1878-86.
-2.18 8.65 20.43 10.93 9.46 Karl, T,R., C,N, Williams, Jr,, P J, Young,
-2,72 7,83 19,.53 10,28 8,73 and W,M, Wendland, 1986. A model to _
..4,75 8.72 21.10 11,31 9.09 _i

-1,33 7,22 19,99 10,68 9,14 estimate thetime of observation bias
--4,92 6,92 20,39 12.32 8,68 associated with monthly mean maximum,

] -3,73 8,27 19,70 9,19 8.36 minimum, and mean temperatures for the
-5,28 7,93 19,97 11,20 8,46 United States. Jottmal of Climate and "

-4,25 8,35 19.69 10,_ 8.82 ii Applied Meteorology 25:145-60, :1
-3.59 7,6.1 19,71 10,02 8A4

-2,65 7,09 20,86 10,04 883 Karl, T,R,, R,G, Baldwin, M,G. Burgin, .
-2,77 5,92 20.59 9,46 8,30 1988a, Time series of regional seasonal :_

•-4,36 8A9 20,29 11,01 8,_6 averages ofmaximurtl, minimltm, and _'

-32;5 7,_ 20.42 lO,35 8,_) average temperature, and diurnal :.

-4,95 7,85 20.52 11,50 8.73 _tempe "ata,rerange across the United States:
-4,29 6.83 20,30 11,70 8,63 ' :1

-2,35 7,00 19.71 9,13 8,37 1901-198o, Historical Climatology i

-2,0q 8.83 21.40 10,97 9,78 Series 4-5. National Climatic Data Center.
_, -2,03 8. lb 20,07 9,.50 8,93 National Oceanic & .Atmospheric '

I -1.32 754 2o,6,1 ! 1,37 9,56 Administration. National Environmental _:.2,77 8,_ 20,26 8.53 8,73 Satellite, Data, and hfformation Service,
-5,72 9,99 20,04 11),70 8.75

-5,10 7,0') 20.21 9,86 8,02 Asheville, North Carolina.
-4,36 8.98 20,02 1o,';7 8,,)0 Karl, T,R,, H,F, Diaz, and G, Kukla, 1988b,
-22;8 8,.36 20.66 9,79 9,(._i Urbanization: its detection and effect in
-3,80 _3,82 20,47 9.58 8,77 the United States climate record, .l'oltrtlal :,

•.4,44 7,74 19.14 10,89 8,33 of Climate 1:1099-1123,
'1,01 8,14 21,02 10,95 9,77

-2,68 6,57 20.69 10,59 8,7') Karl, T,R,, C,N, Williams, Jr,, and
-2,30 9,25 19,64 11,_ 9,49 F.T. Ouinlan, 1990. United States Histo, ical _i

-351 9,41 [9,77 9,89 8,89 Climatology (HCN) serial temperature and

-2,70 9,20 20,76 9,94 9,.30 precipitation data, NDP-019/R1. Carbon
Dioxide Information Analysis Center, Oak _:

i Ridge National Laboratory, Oak Ridge,

Tennessee, ......................_i........ ,H,,H.,,H,,H,."".''' .......... ' ...... '" ...... H ........... "'""
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Southern Piedmont

BACKGROUND 17-

Principal,Investigators _,Thomas:P. Karl: o
Ronald G_:Baldwin

:Michael Gi!Burgin "CD 16

Natlonal:OeeanieandAtmosphert_Adminlstration _ H I)[_[[y_,.H' r

National CltmatioData Center i l I - 1 / 11l

Asheville,North CaroUna28801,,U;S,A. 15 ] ,t_
Sponsorlngagencles [. _['t ,_ . . J-'

so  .tmon '  II, I'Atmospheric Administration 14
U,S, Department of Energy

Carbon Dioxide Research Program
Period of record- 1901-1987.

Method- After comparingeach station,s 13
data in the Z_19-stationHistorical , .... 1 _ ' _ ,

Climatology Network (HCN)(Karl et al. 1900 19,30 1960 1990 ,

1990) :todata from:its twentynearest Annual calendaryearaveragetemperature.
neighbors, stationswere selected based on
confidence, missingdata, andconsistency
criteria.Ali data were adjustedfor time of
observation biases, station and h_strument
changes, and urban heat island bla,_e_,.
Twenty-three regionswere formed by
subjectively considering the climate
characteristics across the country, the
terrain, the eontinentality, and the
vegetation. As an additional constrah_t, each
region was requiredto have boundaries
coinciding with NCDC's climate divisions.
For further details see Karl et al. (1988a),

Data availability-These data are available
froth NCDC and CDIAC. The complet_
HCN data set :(Karl et al. 1990)'is:available _

from CDIAC, Southern Piedmont
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U.S. Regional Temperatures
_:_::_:_.<_:_f_:_._`_'_;._._.::::::_:.2:_::_::_:_:_4_::_:2:_:_:_.:._.:::_:_'_;_:_#:.::_::_:_._._.:_:_:_._._1__:_._::.:::_::_.._:_:_:::_'_:_.:_::_:_:;_:_::_:_._:_:.:_'.:_::_:_

_._.._.._`._e_.``_.._._._._._._._.._.`._'_'.'`.`_`_._.`._._.``_._`_.`*``._._'`_'_._.`._._._`_`_.._.°e_.`_`._._`._._e_°°_._.`'_._.'_.`_.._.1.`.`.`_`'._.`_.._._

TRENDS
On the basis of regional seasonal

temperatures (t,e., maximum,minimum,
average, and diurnalrange) for the United
States, Karlet al, (1988a) concluded that the
climate has changed over the recent century
but that the changes have notbeen
mrmotonicfor the most part, Instead, the,
changes are somewhatunsteadyand
sometimes occurover a relatively short
period of time, Karlet al. (1988a) also found
aconsiderable amount of detailed
information for each regionaltime series but
reported that their salient features often
could be summarized intlme series plots for
three aggregated regions: West, Central, and
East, For the aggregated East region, which
includea this subregion, Karl et al, (1988a)
reported that the annual average
temperature time series can be divided into

113 three epochs: a warm epoch from the early
1920s to the mid 1950s,preceded and
followed by periods during which
temperatures were generally at or below the
mean for the century,

t

, I

i

I

l................................................................... • ............... i
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Southern Piedmont

Year Ann* Win Spr _um Fall Ann? Year Ann*
1901 13,77 3,73 13,(Y) 24,89 13,72 13,86 1945 15.16

1 1902 14.57 2,32 14,65 24,84 16,14 14,49 1946 :_.45

[ 1903 14.28 4,45 15,40 23194 14,21 14.50 1947 14,49
, 1904 13,56 1,69 13,74 23,94 14,47 13,46 I_8 14,92

1905 14,26 1.51 15,30 24,39 15,54 14,19 1949 15,59

1.906 14,71 4,72 13,67 24,64
15,35 14,59 _950 14,83

1907 14,30 5,39 13,82 23,66 14,43 14,33 1951 15.00

1908 14,80 3,66 16,26 24.06 14,85 1431 1952 15,21
1909 14,78 6,94 14,15 24,18 15,11 15,09 1953 15,72

I 1910 14,40 3,40 15,44 23,69 15,27 14.45 1954 15,41
I 19ii 15,46 5,05 14,17 25,26 15,75 15,05 1955 14,97
' 1912 14,37 2,97 14,59 24,16 15,97 14,42 1956 15,17

1913 15,20 6,78 14,8,7 24,39 14,76 15,20 1957 15,29
1914 14,37 4177 13,92 25,20 14,66 14,64 1958 ' 13,87
1915 14,69 4,34 13,47 24,14 16,46 14,60 1959 15,22
1916 14,84 5,58 14,58 24,00 15,00 14,79 ltX_0 14,07
1917 13,59 5,06 13,67 24,19 1,3,04 13,99 1961 14,49
1918 14,81 1,86 15,67 24,23 14,97 14,18 1962 14,34
1919 15,33 5,90 14,94 24,39 17,31 15,63 1963 14,03
1920 14A8 ' 3,31 13,29 23,97 15,70 14,07 iil 1964 14,61

1921 16,02 5,50 16,19 24,90 16.97 15,89 l 1965 14,781922 15,38 5,74 15,26 24,35 16,04 15,35 1¢g_6 13,98
1923 14,98 5,51 14,13 24,63 14,98 14,82 ii 1%7 14,07
1924 13,95 5,17 12,97 24.37 14,51 14,25 li 1%8 14,18

15.29 5,59 14,75 25,43 15,70 1.5,37 i 1969 14,021925
1926 14,62 4,77 12,96 24,86 15,55 14.M :"_ 1970 14,76

. 1927 15.23 6,30 14,78 23,15 16,69 15,23 l 1971 14,79
1928 14,46 4,86 13,45 24,48 15_12 14,47 ii 1972 14,49
1929 14,(g'_ 4,55 15,50 23,66 14,90 14,65 ill 1973 15,11
1930 14,_ 6,10 14,44 24,62 15,27 15,11 !!i 1974 15,05

1931 15.55 4,39 12,74 25.15 17.85 15,03 !i 1975 15,05
1932 15.58 9,26 13,52 25,30 15,00 15,77 _ 1976 14,07
1933 15,79 6,89 15,08 24,84 15,96 15,69 il 1977 14,76

19.M 14,88 4,82 13,96 ' 25,82 16,03 15,16 ii! 1978 14,12
1935 14,75 4,56 14,95 24,99 15,75 15,07 ii! 1979 14,24
1936 14,89 1,55 15,09 25,36 15,96 14.49 ::iii 1980 14.53
1937 14,80 6.61 13,89 25,19 13,88 14,89 il 1981 14,09
1938 15.50 5,69 15,86 24,55 15,80 15,47 ::!1 1982 1,,1,75
1939 15,54 6,16 14,87 25,03 15,75 15,45 i 1983 14,35
1940 14,00 2,83 13,26 24,50 14,97 13,89 i 1984 14,74
1941 15,31 4,59 14,36 24,88 17.56 1.5,35 ii: 1985 15,02

1942 15,01 4,47 15,44 24.93 16,1y) 15,23 i 1986 15,30
1943 14.96 5,20 14,25 25.79 14,31 14,89 ii! 1987 14.84
1944 14,78 5,27 14,65 24,72 15,20 14,96 i!i

i ............................................................................................................ ii_
l 'Calendal' year mean (Jan-Dec),I

i'Season year mean (Win = l)ec-Feb; Spr = Mar-May; Sum = JLtn-Aug; Fall = Sep-Nov),

TRENDS '90
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U.S. Regional Temperatures

AverageTemperature (°C), 1901-1987 .............................R_FERENCES""_.................................................................:i:_

Wtn Spr Sum Fall Annt Karl, T,R,, G, Kukla, and J, Gavin, 1984, _i

3,98 16,44 24,4.5 16,03 15.22 Decreasing diurnal temperature range in i4,34 15,69 23,63 16,33 15,00

5.36 13.59 24,07 15,89 14,73 the United States and Canada from 1941 f3,54 15,66 24,59 15,16 14,74 through 1980, Journal of Climate and
8,1y) 14,31 24,83 15,34 15,64 Applied Meteorology 2311489-1504, !
7,71 13,76 23,98 15,01 15,11 Karl, T,R,, G, Kukla, and J, Gavin, 1986, i
4,58 14,08 24,90 15,28 14,71 Relationship between decreased I
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6,23 , 15.52 2522 15,65 15,65 : i
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4,21 15,11 24,81 15;64 14,94

4,95 12,52 24,31 15,77 14,39 estimate the time of observation bias
3,44 13,48 23.79 16,32 14,26 associated with monthly mean maximum,

• 4,78 14,32 23.85 14.96 14,48 minimum, and mean temperatures for the
2.33 15,23 23,94 15,27 14,19 United States. Journal of Climate atld
2,85 14,71 24.11 14,97 14.16

5,36 14,76 23,71 15,44 14,82 Applied Meteorology 25:145-60,
4.00 13,70 24,17 14.54 14A0 Karl, T,R,, R.G. Baldwin, M.G. Burgin,
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_-. 5.54 15.12 23,38 12,88 14,23 Satellite, Data, and Information Service,
• ! 1,77 16,18 2.5.05 15,62 14,66

i 1,67 13,67 24.56 15,98 13,97 Asheville, North Carolina.3.28 14.85 23.44 15.54 14,28 KarI, T,R,, H,F, Diaz, and,j._' Kukla. 1988b, .
M 4,12 14,05 25.04 15.21 14,60 Urbanization: its detection and effect in

I 3,80 14,11 24,56 14,44 14,23 the United States climate record. Jottrtlol3.37 14,68 23,82 15,45 14,33 of Climate 1:1099-1123.
5,24 13.47 24,_ 15,35 14.74
4.20 13,28 24.09 15A5 14,26 Karl, T,R., C.N. Williams, Jr., and
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:National Climatic Data Center _ -
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Sponsoringagencles " ' .
U;S.Department of Commerce "_ I

National Oceanic and _ __

Atmospheric Administration '_ "10-
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I Carbon Dioxide Research Program

Period of _cord" 1901,1987.

i Method-- After comparing each station's
data in the 1219-station Historical 9-

Climatology Network (HCN)(Karl et al. _ 1900 ' 19:30 1960 1990
1990)ito datafrom its twenty nearest Annual calendar year average temperature.
neighbors; stations were selected based on
confidence, missingdata, and consistency
criteria. AUdata were adjusted for time of
observation biases, station and instrument
changes,i and urban heat island biases.
Twenty-three regions were formed by
subjectively consider[ng the climate
characteristics across the country, the
terrain, the conthaentality, and the '.
vegetation. As an additional constraint, each

i _reglonwas requiredto have boundaries
!i/coinciding withNCDC's climate divisions.

f Forfurther details See Karl ct al. (1988a).

IIData availability'These data are available _
t from NCDC and CDIAC, The Complete

t HCNdata set (Karlet al. 1990) is available ?:

i from CDIAC. Coastal Northeast
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U.S. Regional Temperatures
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i

TRENDS
On the basis of regional seasonal

temperatures (i.e., maximum, miniraum,
average, and diurnalrange) for the United
States, Karl et al. (1988a) concluded that the
climate has changed over the rec-_ntcentury
but that the changes have not been
monotonic for the most part. Instead, the
changes are somewhat unsteady and
sometimes occur overa relativelyshort
period of time. Karl et aL (1988a) also found
a considerable amount of detailed
information for each regional time series but
reported that their salient features often
could be summarized in time seriesplots for
three aggregated regions: West, Central, and
East. For the aggregated East region, which
includes this subregion,Karl et al. (1988a)
reported that tbe.annual average
temperature time series can bedivided into

lO three epochs: a warm epoch from the early
1920s to the mid 1950s,preceded and
followed by periods during which
temperatures were generally at or below the
mean for the century.
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Coastal Northeast
_g:_::#_t'.:._.:::...¢::_._,::.._,:_:,:.:,:.:._._:.:.__: ._.:._:::__:::4::._.:::::::._::.:::_q',q::_.:.::_.:._ .:q:::.'._.::.:'_.:.:.:::._.::::':'.q:::::::::::::::::::::::::::::::::::::::: f.:::::::_:::.'_::.q::._.::.':.:_::::.:_ _:_._::_::_..'?,:_:/,_:::':_:::_::::::_:.::::;:_.q'_::.q::_.v2_._.:_'.:$.:,_.'$.,./,.f_:.2

Year Ann* Win Spr Sum Fall Ann1" Year Ann*
1901 : :: 10.30 -_1i32 8.97 22,35 11.31 10.33 1945 1.1,26
1902 10,69 : -iA a 10,39 20,76 i3;27 10.74 1946 11.71

1903::: : :: 10i46 : :-0 15 _ :11;22 19.77 11.49 1058 1947 11.06
i904 ...... 9,20 -3,44 8,99 20,74 10,83 9,28 1948 11,02

1905 10,11• -3,55 9,75 20,91 11,84 9,74 1949 12,46

1906 11,00 1,19 8,92 21,70 12,63 1I, 11 1950 11,07

!1907_::: 9,76 _-1,29 8.17 20.01 1151 9.60 195.1 11.61

..0.13 10,47 21.44 12.44 11.05 19_2 11.8(
9,23 20.75 11.96 10.90 1953 12.35_

• , : :

191o 10,67 -0.77 10,94 20.83 12.14 10.78 1954 11.55

1911 11.08 -0.69 9.27 21.82 11.89 10.57 1955 11.30

1912 10.38 -I.43 9.56 20.75 12.87 10.44 1956 II.Od

1913 ':i1'74 Z08, 10,74 21.33 12.81 11,74 1957 11,7:
1914 10,26 .054 8,86 21.10 12.37 10.55 1958 10.36_

1915 10.88 0,54 9,23 20,55 12,95 10,81 1959 11,84
1916 10,31 0,02 8,26 20,81 12.10 10..30 1960 10,95

i917 9,40 -0,75 8,21 21.50 9,97 9,73 il 1961 11.12
1918 10.50 -3,79 10,63 20,89 12.05 9,94 _ 1962 10,46

: 1919 11.11 1.44 10,27 21.04 13.19 11.49 _i 1963 10.6_
1920 10,27 -2162 8,68 ' 20,79 12,93 9,95 (_ 1964 11.27

1921 11.92 1.33 12,15 21.51 13.27 12£'7 1965 10,8_

1922 11,06 -0.29 10,49 21,25 12,76 11.05 1966 10,9_
1923 10,70 -1.05 9,02 21,21 12120 10,35 1967 10.491

1924 10,08 1,10 8.4'7 20.74 1131 10,46 1968 11.04 I

1925 11,08 0,71 10,09 21,85 1134 11,05 1969 11.02
1926 9.99 -0,23 8,18 20.86 11.94 10.19 1970 11.05

1927 11,04 -0,01 9,49 19.85 13,65 10.74 1971 11,36

-_ 1928 10.90 0,80 8,81 21,67 12,33 10,90 1972 10.79

1929 11,14 0,38 10.96 21.11 12,36 11.20 1973 11.99
1930 11.46 1.20 9,80 22.07 13.04 11,53 1974 11.44

1931 12.03 0,42 9,45 22.09 14.87 11.71 1975 11.68

1932 11,64 3,96 8,88 21.72 12.62 11.80 1976 10.97 :
1933 ' II53 2.54 9.97 21.72, 12.23 11.61 1977 11.371

1934 10.66 -1.84 9.37 22.17 12.89 10.64 1978 10.511

1935 10.70 -0.80 9.58 21.90 12.86 10.89 1979 11.25

1936 10.95 -2.72 10,70 21.81 12.45 I0.56 1980 11.15

1937 11,41 2.85 9,45 22.41 11.66 1139 1981 11,2_

1938 11.65 0.74 10.59 22.07 12.82 1135 1982 ll.f_/.

1939 11.39 1,40 9.77 22.24 12.15 11.39 1983 11i64

1940 9.91 -1.31 8.08 21.12 11.36 9.81 1984 11.62

1941 11,40 0,12 9,90 21.47 14,13 11.41 .. 1985 11,68

1942 11,26 0,13 11.31 21.79 13,11 11.58 1986 11,59

1943 10,99 -0..30 9,38 22.81 11,89 10.94 1987 1153

1944 11.19 0,09 : 9,98 22131 12,49 11,21 !_i
...

*Calendar year mean (Jan-Dec),

_'Season year mean (Win = Dec-Feb; Spr = Mar-May; Sum = Jun-Aug; Fall = Sep--Nov),
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U.S. Regional Telnperatures
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Coastal Southeast

BACKGROUND 20

IMncipal investigators _,
Thomas R. Karl o

NationalNational OceanicAdministrationClimatic andDataAtmosphericCenter _• 19 "tlll" ' i II.r I l],.d.a,u,n, l" ,  Ill
Sponsoring agencies ': .-_ [

U.S. Department of CommerceNational Oceanic and 18

Atmospheric Administration ,_, - - _
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Carbon Dioxide Research Program '
Period of recoed.,- 1901-1987.

Method-After comparing each station's 17-
data in the 1219-stationHistorical

Climatology Network (HCN) (Karl et al. 1900 1930 1960 1990

1990) to data from its twenty nearest Annual calendar year average temperature.neighbors, stations were selected based on

confidence, missing data, and consistency
criteria. Ali data were adjusted for time of

• observation biases, station and instrument
changes, and urban heat island biases.

Twenty-three regions were formed by ! _
subjectively considering the climate

i characteristics across the country, the

I terrain, the continentality, and thevegetation. As an additional constraint, each

i!region was required to have boundaries
_:coinciding with NCDC's climate divisions.

i For further details see Karl et al. (1988a). "__

ii Data availability-These data are available ::
from NCDC and CDIAC. The complete

iiHCN data set (Karl et al. 1990) is available

i from CDIAC. _! Coastal Southeast
:1,., ,,,v,,,.0v,.0.,.,,,.,.,.,.,,.,.,.,.,,,,,,.,,,,..,.,.,,,,. ,.,.. ,v,v,v, ..... ,.,-,,,, ,., ,.,, ..,., ..,v,..,.,,, ,,.. ,,.,. ,.,,, ....... , ,.,.,,,,,,,, 0.i:
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U.S. Regional Temperatures

TRENDS

On the basis of regionalseasonal
temperatures (i.e., maximum, minimum,
average, and diurnal range) for the United
States, Karl et al. (1988a) concluded that the
climate has changed over the recent century
but that the changes have not been
monotonic for the most part, Instead, the
changes are somewhat unsteady and
sometimes occur over a relatively short
period of time. Karl et al. (1988a) also found
a considerable amount of detailed

information for each regional time series but
reported that their salient features often
could be summarized in time series plots for
three aggregated regions: West, Central, and
East. For the aggregated East region, which .
includes this subregion, Karl et al. (1988a)
reported that the annual average
temperature time series can be divided iato
three epochs: a Warmepoch fro.n the early
1920s to the mid 1950s,preceded and
followed by periods during which
temperatures were generally at or below the
mean for the centurY.
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Coastal Southeast

Year Ann* Win Spr Sum FaU Annt Year Ann*
1901 17,37 9,39 16,69 25,81 17,88 17,44 1945 19,16
1902 18,35 8,.% 18,06 26,33 20,12 18,22 1946 19,39

1_3 18,01 10,t._ 18,49 25.80 17,97 18,3l 1947 18,63

1904 17,(_ 8,12 17,73 25,44 18,52 17,45 1948 19,26

1905 18,32 8,46 19,02 25,97 19,72 18,29 1949 19,63
1906 18,60 10,55 17,79 26,21 19,64 18,55 1950 18,83

1907 18,(_ 11,44 18,26 25,85 19,06 18,65 1951 18,85

1_8 18,87 9,% 20,04 25,89 18,97 18,71 1952 18,92
I_X_ 18,67 12,67 18,_ 25,97 19,14 19,02 1953 19.23

1910 18,08 %49 18,58 Z'_,45 19,(_'_ 18,14 1954 18,91

1911 19,39 10,94 18,_) 26,35 20,49 18,97 1955 18,64

1912 18,51 9,71 18,91 25,82 19,70 18,53 1956 18,82

1913 18,95 13,19 18,60 25,74 18,60 19,03 1957 19,05

1914 18,22 10,62 17,40 26,54 18,83 18,35 1958 17,8l

1915 18,51 10,49 16,87 26,20 20,72 18,57 . 1959 18,96

1916 18,75 11,47 17,83 25,7 [ 19,32 18,58 1960 18,09

1917 17,88 11,58 18,05 25,85 17,56 18,26 1961 18,56
1918 18,(_ 8,80 18,84 25,77 19,25 18,16 _; 1962 18,37

1919 19,00 11,26 18,40 25.61 21,31 19,15 .... 1963 17,90

1920 18,03 10,02 17,10 _,65 ,19,34 18,03 l_Kr4 18.52

1921 19,50 11,28 19,22 26.09 20,77 19,34 _ 1965 18.62
1922 19,24 11,89 19,13 25.76 19,89 19,17 _:.: 1966 17,88

1923 18,71 12,03 18,16 25,83 18,69 18,67 !i 1967 18,30

192,1 18,17 11,14 17,10 26,38 18,63 18,31 i::i.. 1968 17,87

1925 19,15 12,31 18,41 26,45 20,21 19,M ii! 1969
17,82

1926 18,45 10,.38 16,71 26.21 19,64 18,23 i::i 1970 18,39
1927 19,24 12,75 18,75 25,60 20,37 19.37 iii 1971 18,84I'

1928 18,41 10,58 17,42 26.14 19,50 18,41 !ii 1972 18,82
1929 18,96 11,41 19,52 25.46 19.52 18,98 i_i 1973 18,_9

iii 1974 19,08
1930 18,47 11,86 18.00 25.73 19,02 18,65 ii_
1931 19,02 9,57 16,58 26.47 20,t_ 18.40 ::_ 1975 19.27

1937, 19._8 15,49 17,51 26,77 19,27 19,76 ii 1976 17,94
_ 1977 18,441933 19,61 15,29 19,03 26.10 20,00 19.60 _

193,1 18,83 11,41 17,95 26,78 20,23 19,(_) ii! 1978 18.28

1935 18,80 10,97 19,41 26.25 19.81 19,11 ::::i: 1979 18,40

1936 18,81 8.50 18,58 26,47 20,00 18,39 iii 1980 18,33
1937 18,69 13,21 17,67 26,37 18.27 18,88 _:: 1981 17,_

1938 19.18 11,13 19,(_, 25,96 19,60 19,09 i 1982 19,03

1939 19,38 12,48 18,84 26,53 19,63 19,37 1 1983 18,11
1940 17,89 8,58 16.99 26,41 18,84 17,71 ii_ 1984 18,(_
1941 18,87 10,40 17,42 26,(_ 21,18 18,91 iii 1985 19,13

1942 18,77 10,19 18,43 26,70 2,0.2.5 18,89 iii 1986 19,40
1943 18,62 11,27 18,10 26,_ 18,41 18.69 !ii 1,987 18,52

1944 18,72 11,16 18,70 26.40 19,26 18,88

,'..,,.',.,,,',..,,.,',','.'.'.',',',','.',','.',',',',','.':,'.','.' ,,,,.,,.,,.,..,.,...,...,...,,,.,,.,.. :i:

' Calendar year mean (.Ian-Dec),

l'Season year mean (Win : l)ec-Feb; Spr = Mar-Ma_,, Sum = .fun-Aug; Fall = Sel'r--Nov),
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U.S. Regtonal Temperatures

AverageTemperature (°C), 1901-1987 .............................hEF'gi 'EN 'gS............................
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10,40 18,._ 26,94 21,08 19.20 Clhnatology (HCN) serial temperature and ii
10,3.5 17,61 27.43 19,06 18.51 precipitation data. NDP-019/R1. Carbon

:_ Dioxidelnformation Analysis Center, Oak ':i
. Ridge National Laboratory, Oak Ridge, I
Tennessee, :i
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Carbon DioxideInformation Anal3,

The Carbon Dtoxide InformationAnalysis
Center (CDIAC), located within the
EnvironmentalSciences Division of Oak

Ridge National Laboratory,has been in
operationsince 1982,CDIAC provides
informationsupport tOthe international

research, policy,and education communities
E_revaluationof complex environmental issues

associated with elevated levels of atmospheric
CO2, Includingpotential clhnate change,

CDIAC activities include obtaining and

evaluating data_articles, and reports;

producing digital numeric data and computer
model packages (NDPs and CMPs);

distributing COz-related reports_ and
produch_g the newsletter, CDIA C

Communications, which has a worldwide
distribution of over 55rX)subscribers in

151countries. Tc)date, 38 NDPs and CMPs

have been compiled, 12 issues of CDIAC

Communications have been distributed, and

CDIAC has responded to more than 16,000

information requests,

CDIAC is funded by the U,S, Department
of Energy (DOE) to support its Carbon

Dioxide Research Program (CDRP), The goal
of CDRP is to develop sound scientific

information for policy formation and

governmental action in response to changes of
atmospher.tcCO2,CDRP's thrust during the

: past decade has been to (1) elucidate the

processes that control the global carbon cycle
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Carbon Dioxide Information Analysis Center

Center

andprovtdopredictions of future atmo:_phc,ric
CO2change;(2) develop data and models of

theprocessesbywhich changes in the Earth's
radlr,flw balance may change climate at global

and r_gtonalscalesand predict rates of

potentialclimate change; and (3) devt_lopthe
dataand models required to define and

predict the eombtned effect of climate and

CO2on plants,crops, and ecosystems,
In 1989_CDRP moved from DOE's Office

of BasicEnergySciences into the Office of
Healthand Environmental Research, At the

aam_time, tt wascombined with other

atmosphericresearch activities under the

Atmospheric and Climate Research Division,
whichts directed byAri Patrinos, The CDRP

managers(and their areas of responsibility)

ar_RogerC, Dahlman (global carbon
r_aearch,vegetation research, and education),
MichaelR, Riches (climate research,
quantitativelinks,oceans research, and

resourceanalysis), antiThomas J, Gross

(informationand [ntegratlon, including

responsibilityfor CDIAC),

The mailingaddress for the program is:

Carbon DioxideResearch Program
Atmospheric anti Clhnate Research

Division(ER.76)
U,S, l)eparlment of Energy
Washington, DC20545, U.S.A,
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...............................................................................................................................................Atmospheric COz Concentrations- Mauna Loa Observatory,
• tlawall, 1958-1986, C, D, Keeling, Scripps Institution of

Numeric Data Packages Oceanography, CDIAC NI)F._II/RI (Roy, 1986)

Detailed descriptions of data sets [CDIAC Numeric Since 1958, air samples have been conthmt_usly collected at
DataPackages (NDPs)I used to product: TRENDS '90 arc Mauna Lea Observatory and analyzed by infrared :q_cctmscopy
presented in the next several pages, To order these NDPs for ¢'.()2concentrations, Data are averaged to give mtmthly and
or Inquire about other CDIAC information products, an t annual atmospheric C()2 _:oncentrittlons,

order form is provided at the end of this appendix. Simply 1 These data represent the kmgest ctmth_uous record of
copy the order form, flUIn the appropriate information, , atmospheric C()2 concentrations tn the wt_rld, This precise data
and return the completed form to CDIAC, If you have any ! ' ,t record covers a single site, Mauna Lea ()bscrvatory, Hawaii,
questions about the availability of these NDPs, you may which is a reliable indicator of the regional trend tn the
contact CDIAC by plmne, FAX, or any of the concentration of attnospherlc C()2 in the middle layers of the

telecommunication networks listed below: troposphere and thus is critical to C()2-rclatcd research, The
data arc in one file (2,5 kB),

Carbon l)h_xhle Informathm Analysis Center

Building 111_1_}_MS-6335
Oak Ridge Nathmal Laboratory (;Iolml Surface-Air Temperature Varlatl_ms: 1851-1984.
P,(). Box 2(1_8 P, D. Jones, S, C?,,B, Raper, P. M, Kelly, and T, M, L, Wlgley,

I " University of East Anglia, CDIAC NI)Pd}03/RI (Rcv. 1986)Oak Ridge, Tennessee 37831..6335, IL.S,A,
Anomalies in mot_thly and annual surface-atr tcmpcraturt:s in

(615) _;744|390 relation to the 1951-1970 mean surfacc, ah' tctnpcraturc were

62441390 1_31"S calcuhtted for several periods: 1851-1984 for the Northern

574.2132 FAX l-icmiSl._hcre, 1858-1984 for the Southern Hemisphere excludhtg
BITNETI CDP@ORNL,STC Antarctica, and 1958--1!)84for the Southern Hemisphere
OMNET: CDIAC [nchlding Antarctica, These estimates arc, derived from land-
INTERNE'Ft CDP@STCI0,CTD,ORNL,GOV based meteorological station data and fixcd-l_osition weather-

ship data intcrp_)latcd elate a 5o latitude by 10° longitude grid,
The data are, in three files, one for the anomalies in Northern

Hemisphere tcmpcrtdures (10 kB) and two for the an.,mudlcs in
Southern Hcmtsphctc temperatures (9 kB and 2 kB),

Atmospheric C()z Concentrath}ns-The N()AA/(;MCC Flask
Sampling Network, T, J, Conway and P. Tans, National Oceanic
and Atmospheric Athninlstratitm. CDIAC NI)P-005/RI
(R ev, I !_(1'1

Flask air samples arc collected approximately mace per week
! at 29 stations ,icattcrcd arottnd the globe, The earliest samplesi
i were taken in 1968, but the period of record varies from station
I to station, The samples arc analyzed for atmospheric C02

I REND_ '90
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Numeric Data Packages

¢_ ctmcentt atl(m (m a nondlspersiv_ hffrared gas analyzer
apparatus at the N()AA/()MCC laboratory ht Boulder,
Colorado, 'l"hc, nteastlreraents are directly traceable to the

primary C02 standards of the World Mott_orologtcal
t Organization, Each sample is cMracterized by station, year,
'PY sampling date and thne, flask identification ntlnabel', C()2

'id coneentratlort, dtlt'c anti time of analysis, ttnd quality irtdieators,
The, data are in ._) files: one file that contains data through 1981

_ta (946 kB) and one file for each o['2!) sites with data fronl 1981
through 1.986 (rttngh_g l'rom 3,6 to 55,8 kB),

Producthm of COz from 10ossil.l"uel lh|ruhtg, R, M, Retry arm

G, Marhutd, ()ilk Ridge Assoehited Universities, CI)IAC
N!) i'.(RI(, (1984)

Global (.,(). emissions for 1950 through l!)82 were estimated

by Marl,md arm Rotty from fuel production data from the U,N,
EtlerhS,Slutistics Yearbook (;1983, 1984), Dat a before 1950 came
from C, D, Veeling, Fuel.productt!m data were ttscd in thence
calculations br;cause they appeared to be more reliable on as In
global basis then t'uel.consunq_tlon data, The data given are the
year and anrtual global CO2 emissions (tmnual global total;
cuntulatlve global total slttce 18(_); and annual global ,.mfissions

+ling I'rom solid fuels, liquid fuels, natural gas, gas l'htrhag, and cement
manul'acturing), These data prtwlde tile only pre- 1950 estimates
of the amount of carbon c,tnitted to tlte atmosphere l'rom

'" t'ossil-fuei burning, The C,O2 emissiort record since 1950 has been

" updated and revised several times, with the most recent
+ estimates published by Marhmd ct al, The data arc in one file+tn

(7,5 kn),

Atmospheric C()2 Coneentrathms-The CSIR((Australht)
'lk Monitoring Program from Ah'craft for 1972-1981,
uric D, J, Beardsmore and G, 1, Pcarman, Commonwealth Scicntil]e

and Industrial Research Organization, CDIA( 2 NDP-007 (1984)

From 1972 through 1981, ah' samples were collected irt ghlss
_ck flasks from aircraft tit a wtt'icty ()1'lutitutles and altitudes t+vcr

es Australia, New Zealand, atm Anturctica, The sarnplcs were
io tl

analyzed for C02 cotxcentrtttitms by using tt n()tMJs'pcrsive
infrared gas analysis, The resulting data contain tile sumplhtg

I3-1
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dates, typ_of aircraft,flight number, flasktd_mtificatlonnumber, AtmosphericCOzConcentrations -The CSIRO Monitoring
samplingtime, geographic sector, distance in kilometersfrom Program_Surfac_Datafor Cape Grim,Tasmania.
the listed distance measuring equipmentstation, stationnumber D, J, Beardsmore,G, I, Pearman,and R, C, O'Brien,
of the radio navigation distance measuring equipment, altitude CommonwealthScientific and industrial Research
of the aircraft above mean sea level, sample analysis date, flask Organi:attion,CDIACNDP-010 (1985)

pressure, tertiary standards used for the analysis,type of From 1976through 1983, air samples collected from a
analyzer used, and CO2 concentration, These data represent the high-volumegeneral intake 10 naabove the roof of thefirst published record of CO2 concentrations in the Southern

laboratory at Cape Grim, Tasmania, were dried and analyzed
Hemisphere expressed in the 1981COx Calibration Scale of the for CO2concentrations with a nondispersive infrared gas
World Meteorological Organization and provide a precise analyzer,This baseline CO2 record from Cape Grim indicates
record of atmospheric CO2 concentrations in the troposphere
and lower stratosphere over Australia and New Zealand. The the CO2concentrations in large maritime air masses devoid ofvegetativeinfluences in this region of the Southern Hemisphere.
data are lnone file (263 kB), The data availableon each sample are sampling date; daily,

monthly,and annual CO2 concentrations; standard deviation
Annual and Seasonal Global Temperature Anomalies In the associatedwitheach concentration; number of hours of data
Troposphere and Low Stratosphere, 1958--Summer1986. J. K.
Angell and J. Korshover, National Oceanic and Atmospheric used to calculate the CO2 values; and the analyzer used. Thedata are in three files:daily (17 kB), monthly (3 kB), and annual
Administration. CDIAC NDP-008/RI (Rcv. 1987) (310B),

For 1958through 1986, anomalies in annual and seasonal
temperatures in relation to a 1958--1977mean (expressed in UnitedStates Historical Climatology Network(HCN) Serial
degrees Celsius) were calculated for the surface, troposphere Temperature and Precipitation Data. T. R. Karl, C. N.
(850-300 mb), tropopause (300-100 mb), and low stratosphere Williams,Jr,, and F. T. Quinlan, National Oceanic and
(100-50 mb and 100-30mb) layers on the basis of region, Atmospheric Administration. CDIAC NDP-019/RI (Rev. 1_())

hemispheres, and the globe. Most of the values are Extending through 1987, this data base contains information
column-mean temperatures obtained from the differences in the on monthly total precipitation and temperatures from 1219
heights of constant-pressure surfaces at individual radiosonde stations in the contiguous United States. To be included in the
stations. The pressure-height data before 1980were obtained Historical Climatology Network (HCN), a station had to be
from published values in Monthly Climatic Datafor the World.
These temperature anomalies may be used to analyze long-term currently active (1987), have at least 80 years of monthly

temperature and precipitation data, and have experienced few
temperature trends for a layer of the atmosphere (i.e., surface,
troposphere, tropopause, and lowstratosphere), a region (i.e., station changes. These data were derived from a variety of

, sources, including the National Climatic Data Center archives,
polar, temperate, subtropical, and equatorial regions), a state climatologists, and published literature. The data base
hemisphere, or the globe. The data are in one file (64.5kB). contains several hundred variables, including state number,

station number, monthly temperatures (minimum, maximum,
and mean), total monthly precipitation, and time of observation.
This is probably the best monthly temperature and precipitation
data set available tbr the contiguous United States because
station moves, instrument changes, urbanization effects, and
time-of-observation differences have been considered and,
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where necessary, the data have been corrected. The data are in
13 files (one station inventory file, one station history file, six
temperature files, one precipitation file, one time-of-observation
correction file, and two quality-assessment files). The file sizes
range from 5 103to --'50 MB and are available on nine-track

magnetic tape only.

A Global Grid Point Surface-Mr Temperature Data Set:
1851-1984. P. D. Jones, S. C. B. Raper, B. S. G. Cherry,

C. M. Goodess, T. M. L. Wigley, B. Santer, and P. M. Kelly,
University of East Anglia; R. S. Bradley, University of
Massachusetts; H. F. Diaz, National Oceanic and Atmospheric

_* Administration. CDIAC NDP-020 (1986)

For 1853.through 1984, this data b,_:,,_presents anomolies in
monthly surface-air temperatures for both hemispheres, in
relation to a 1951-1970 reference period, on a 5° latitude by 10°
longitude global grid. The basis of the data set is derived from
the World Weather Records published by the Smithsonian
Institution and the U.S. Weather Bureau. Additional data were

added from meteorological archives. The records include the
year, month, latitude, longitude, surface air temperature
anomaly, number of stations used to calculate each gridded
anomaly, and the mean value of the inverse of the great circle
distance between the station and the grid point. The data are in
two files (Northern and Southern hemispheres), each 19.63 MB
in s_e and on nine-track magnetic tape only.

Glob_l and Hemispheric Annual Temperature Variations
between 1861 and 1988. P. D. Jones, T. M. L. Wigley, and

P. B. Wright, University of East Anglia. CDIAC NDP-022/R1
(Rev. 3.990)

This data set contains estimates of variation in global and
hemispheric annual temperatures in relation to a 1950-1979
reference period, for 3.861through 1.988. The estimates are

I. based on corrected land and ocean data. Land data were
ii derived from meteorological data and fixed-position
L

i. weather-ship data that were corrected for nonclimatic errors,
i

I such as station shifts and/or instrument changes. The marine
data were from the compilation of the Comprehensive

!

f
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Ocean-Atmosphere Data Set (COADS), which with updates
extends to 1986. Updates to 1988 were made with hemispheric

sea-surface temperature estimates produced by the U.K. '
Meteorological Office. Each record includes year and six annual '
temperature variations: one estimate each for the globe, the
Northern Hemisphere, and the Southern Hemisphere and
another estimate each that reflects an adjustment to account for
the influence of El Nifio/Southern Oscillation events. The data

are in one file (kB).

Estimates of CO2 Emissions from Fossil-Fuel Burning and
Cement Manufacturing, Based on the U.N, Energy Statistics
and the U.[ Bureau of Mines Cement Manufacturing Data.

G. Marland, T. A. Boden, P. Kanciruk, S. F. Huang, and
T. R. Nelson, Oak Ridge National Laboratory; R. C. Griffin,

Kentucky Wesleyan College. CDIAC NDP-030 (1989)

For 1950 through 1986, global and national annual estimates
of CO2 emissions from fossil-fuel burning and cement

production were calculated from energy statistics compiled by
' the U.N. Statistical Office and from cement-manufacturing data

compiled by the U.S. Bureau of Mines. The resulting data base
contains the annual amounts of global CO2 emissions and
estimates of national COx emissions for more than 200

countries. Among many variables, these data include total
emissions; emissions from gas, liquid, and solid fuels; and

.°.................... .........,.,.., .:....,.,.,.,.., .....,, ..,...
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emissions from cement production. The data are in six files
°c (three for the U.N. statistics, one for the Bureau of Mines data,

one for global CO2 emission estimates, and one for the national

_ual CO2 emission estimates) ranging in size from 427 bytes to 4.85
MB and are available on nine-track magnetic tape only.

for Atmospheric CO2 Concentrations- The Canadian Background
ta Air Pollution Monitoring Network. N, B. A. Trivett,

Environment Canada. CDIAC NDP-934 (1989)

Flask air samples collected at roughly weekly intervals at
three Canadian sites [Alert, Northwest Territories (July 1975
through October 1987); Sable Island, Nova Scotia (June 1975
through October 1987); and Cape St. James, British Columbia
(May 1979 through October 1987)] were analyzed for CO2
concentration with the measurements directly traceable to the
primary COa standards of the World Meteorological

tes Organization (WMO). Each record includes the date,
a__ospheric CO2 concentration, and flask classification code.

9y They provide an accurate record of CO2 concentrations in
lata Canada during the past decade. Because these data are directly
tse traceable to WMO standards, this record may be compared with

records from other Background Air Pollution Monitoring
Network stations. The data are in three files (one for each of the
monitoring stations) ranging in size from 3.2 to 12.8 kB.



AppendixB
....., ........,...,.., ..,.,,.......,......,....,,...,,.,...,.,...........,,,.,._,.,.,,........,........,...*,........*,.....,.,.....,........,.,,.:.,.......,.,,.......,..,.....,,......,..,,.....,,........,...,,.,......,...,.,.,..........,,............,.,.,.....,.,,,.,....

Ordering CDIAC NDPs
To order these NDPs, complete and return a copy of this

i formto CDIAC,
i Additional CDIAC NDPs are described in detail in the

. : Catalog of Data Bases and Reports (ORNL/CDIA C-34), also

, : available from CDIAC.
i Return completed form to:

I Carbon Dioxide Information Analysis Center

Building liXI0, MS-6335Oak Ridge National Laboratory

_ P.O. Box 2008 ,
Oak Ridge, Tennessee 37831-6,335, U.S.A. ii

(615) 574-0390 :::

: 624-0390 FTS i
574-2232 FAX !_

BINET: CDP@ORNLSTC _" ii

OMNET: CDIAC :
INTERNET: CDP@STC10.CTD,ORNL.GOV

i!



Numeric Data Packages

Order Form for CDIAC Numeric Data Packages

I)ocumcntatkm &
NI)P I_cumentation Floppy DSkette |_cumentation &

Number Only 5.1/4" 3.1/2" ....... Magnette "l,'aim*
NDP-001 t 1 ] [ ] [ ]
NDP-003 li ] li 11
NDP-005 [ 1 I [ 1 [ 1
NDP-006 I I l I I [l
NDP-007 [ ] ] [ ] [ ]
NDI'-008 , [ ] ] [ ] [ ]
NDP-010 Il 1 ,[I II
NDP-019 [ ] 1 II 11
NDP-020 I1 1 [1 11
NDP-022 11 1 [1 11
NDI'-030 [ ] ] [ ] [ ]
NDI'-034 [ ] ] [ } [ ],,

'Magnetic tapes arc nine-track only. The following information MUST be cornpleted tf a magnetic tape is requested:

Density, l.,abc.____[ Character Set
1] 1600 BI'I [ ]'Nonlabeled [ ] EBCDIC
,[ ] 6250 BPI [ ] Standard [ ] ASCII

Please list special computer limitations or requirements:

Please send me additional information about CDIAC information products:
[ ] CDIAC Communications (newsletter), [ ] Additional Numeric Data Packages
[ ] Catalog of Data Bases and Reports (ORNL/CDIAC-34)
[ ] Please note change of name or address:

Name:

Organization:

Mailing Address'

Telephone: FAX: eMail Address:
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,,.,,.,_.,.,.i.,.¢+,,.e¢,..+,

A.D. anne Domini

AO air over
Ann annual

AES Atmosptzeric Environment Service (Downsviow, Ontario, Canada)

BAPMoN Background Air Pollution Monitoring Network (W.M,O,)

BP before present

CDIAC Carbon Dioxide Infomzation Analysis Center (Oak Ridge, Tennessee, U.S.A.)
Ctl4 methane

CIRES Cooperative Instituter or Research in Environmental Sciences
(Boulder, Colorado, U.S.A.)

CMDL Climate Monitoring and Diagnostics Laboratory (Boulder, Colorado, U.S.A.)
CMP computer model package

CNRS Centre National de la Reserche Scientifique (Paris, France)
CO2 carbon dioxide

COADS Comprehensive, Ocean-Atmosphere Data Set

CSIRC Commonwealth Scientific and Industrial Research Organization
(Aspendale, Australia)

.....................;.......e;

DOE U,S, Department of Energy (Washington, D,C,)

ENSO El Nifio-Southern Oscillation

ESD Environmental Sciences Divbion (Oak Ridge National Laboratory)

.:.:.:.:.o:.:.:.:.:.:.;.t.:.:.;

F.R.G. Federal Republic of Germany

.........;...........,..........

GMCC Geophysical Monitoring for Climate Change (NOAA)

HCN Historical Climatology Network (Asheville, North Carolina, U.S.A.)

INSTARR Institute of Arctic and Alpine Research (Boulder, Colorado, U.S.A.)

lOS ,)zstitutefor Ocean Science (Sidney, British Columbia, Canada)

ITCZ Intertropical Convergence Zone
,....,.,..,...,..,.....+,..,,..,

kyr ktloyear (one thousand years)
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Acronyms, Abbreviations, and Chemical Formulas

MAT marine air temperatures

MLO Mauna Loa Observatory (Hawaii, U.S,A.)

MSL mean sea level

NASA National Aeronautic and Space Administration (U,S.A.)

NCDC National Climatic Data Center (Asheville, North Carolina, U.S.A,)

NDIR nondispersive infrared gas analyzer

NDP numeric data package
NOAA National Oceanic and Atmospheric Administration (U.S,A,)

ORNL Oak Ridge National Laboratory (Oak Ridge, Tennessee, U,S.A,)

PIREN Programme Interdisciplinaire de Reserche en l'Environnement (Toulouse, France)

PPB part_ per billion

PPBV parts per billion by volume

PPM parts per million

PPMV parts per million by w_lurne

PRC People's Republic of China

.oo.............._.°..........¢

Si() Scripps Instittttion of Oceanography (La Jolla, California, U.S,A,)
SPO South Pole Observatory (Antarctica)

SST sea surface temperature

.:.:.:.:.:.:,:.:,:.:,..:,:<,:°

TAFF Terres Atlstrales et Antarctiqttes Francaises

:.:.:,:,:.:,:<,:.:.:.:o:.:.:.:.

U.K. United Kingdom
U.N, United Nations

UNEP United Nations En vironment Programme

[ U.S.A. United States of America

U.S.S.R. Union of Soviet Socialist Republics

.......;...,........._...........

WMO World Meteorological Organization

................................

yr year
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