THE EFFECT OF THE TSETSE FLY ON AFRICAN DEVELOPMENT
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ONLINE APPENDIX
APPENDIX A: ADDITIONAL FIGURES & TABLES

Figure A.I: Africa’s Temperature Over the Long Run
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Notes: Figure constructed using paleoclimatic data on temperature
from Mann et al., (2008).
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Figure A.III: Sample and Clusters

Notes: The sample of ethnic groups from the Ethnographic Atlas
employed in the analysis is shown above. Shading is used
to represent the 44 clusters.
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Figure A.IV: Subsistence Patterns and TseTse Suitability

A. Husbandry
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Notes: These graphs show the relationship between TseT'se suitability and subsistence
patterns. The predicted probability that an ethnic group falls into the top quartile of

dependence on a given subsistence strategy is plotted along with the 95 percent confidence
interval after estimation using an ordered logit.
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TablelA.I

SUMMARYISTATISTICSIFORHISTORICALANALYSIS

Variable Mean Std.Dev. N
LargeDomesticatedAnimals 0.63 0.48 484
Female[Participationin[Agriculture 0.49 0.50 315
IntensivelTAgriculture 0.32 0.47 485
Plow(Use 0.08 0.27 484
IndigenousSlavery 0.85 0.36 446
Centralization 0.33 0.47 467
Log PopulationDensity (Murdock) inhab/km? 1.70 1.59 398
MeanHistorical Temperaturel(Celsius) 24.44 3.11 522
Mean(Historical RelativeHumidity(Percent) 57.50 14.60 522
Proportion(ofLand(ArealintheTropics 0.93 0.24 529
Longitude 17.81 15.76 522
Absolute[Latitude 9.71 7.44 522
Mean'Altitudel(kilometers) 0.34 0.33 522
Agricultural[Suitability Index 0.53 0.20 529
Coast 0.15 0.36 522
River 0.57 0.49 522
MalarialEcologyIndex 13.63 9.62 599
Historical(TSI(1871) 0.01 1.00 529
SUMMARYSTATISTICSIFORIMODERNIANALYSIS
Variable Mean Std. Dev. N
Log{(Luminosity=0.01) (2008) -2.12 2.41 665
Log(Cattle1)(2005) 9.70 3.22 665
Historical [Centralization 0.57 0.44 665
MeanTemperature(Celsius) 23.30 4.10 665
MeanHumidity(Percent) 62.15 12.79 665
ProportionofLand ArealintheTropics 0.79 0.40 665
Longitude 18.26 17.20 665
Absolute[Latitude 13.88 10.96 665
MeanAltitude((kilometers) 0.65 0.53 665
Agricultural(SuitabilityIndex 0.44 0.22 665
Coast 0.23 0.42 665
Inland Water(Body 0.14 0.35 665
Malaria/EcologyIndex 10.74 9.39 665
Modern(TSI(196171990) -0.08 1.10 665
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Table[A.IT

AESIcoefficients
Grouping EntireSample TropicsOnly
Agriculture —0.350%** —0.392%**
(0.044) (0.060)
Urbanization —0.272%** —0.232%**
(0.081) 0.077)
Institutions —0.193*** —0.209***
(0.054) (0.054)

Notes: Columns give AES estimates for the full and Tropics only subsample. The AES
averages the normalized treatment effects obtained from a seemingly unrelated
regression. Agriculture includes the following variables: use of large domesticated
animals, plow use, female participation in agriculture and intensive agriculture.
Urbanization includes the log population density from Murdock and the presence of a
city in 1800 and Institutions include indicator variables for political centralization and
the practice of indigenous slavery. All specifications include the full set of climate and
geography controls in Table I column (4). Standard errors are clustered at the level of
cultural province. The control group is defined as all ethnic groups with a TSI<0. The
signs of female participation and indigenous slavery are reversed in order to compute
thelndex.*F****[Significantat10,5and1percentlevels.

49



Table[A.II1

SENSITIVITYANALYSIS
Dependent/Variable W @) ©) @

w=0.5 w=1.0 w=1.5 w=2.0

Agricuture

LargeDomesticated Animals —0.202*%**  _(0.221%*%*  _.235%**  _(.237***
(0.040) (0.041) (0.043) (0.043)

IntensivelAgriculture —0.084***  _0.090***  —0.088***  _(.081***
(0.030) (0.028) (0.027) (0.029)

PlowUse -0.041* —0.052%* —0.062%**  _0.071%**
(0.021) (0.022) (0.022) (0.024)

Female/Participation/in/Agriculture 0.182%** 0.197%** 0.208%** 0.202%**
(0.054) (0.058) (0.062) (0.064)

Urbanization

LogPopulationDensity (Murdock) —0.674%** 0. 711%%*  _0.765%**  _(.804***
0.217) (0.225) (0.228) (0.225)

Institutions

Indigenous/Slavery 0.093** 0.098** 0.102** 0.100**
(0.037) (0.038) (0.042) (0.046)

Centralization —0.068** —0.074%* —0.073** -0.068*
(0.033) (0.034) (0.036) (0.038)

Notes: OLS estimates of Equation (1). The dependent variable is noted in the leftmost
column. Each cell is the coefficient on the Historical TSI as the parameter y in the equation
for the steady state TseTse fly population is varied over the feasible range as identified by
May et. al., (1974). All specifications include temperature, relative humidity the firstiorder
interaction between temperature and humidity and the proportion of land area in the Tropics,
as well as mean altitude, the FAO's agricultural suitability index, access to waterways, the
malaria ecology index developed by Kiszewski et al., (2004), absolute latitude and longitude.
Robust standard errors clustered at the level of cultural province in parentheses. * ** *¥¥
Significantat(10,[5@nd1 [percentlevels.
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TableA.IV
REDUCEDFORMESTIMATES OF THERELATIONSHIPIBETWEENICEREAL

CULTIVATION, MILKING, [CITTESIAND [TSETSESUITABILITY

Dependent/Variable (1) (2) (3) (4)
Cereal —0.103*** —0.082%* —0.082** —0.070%*
(0.035) (0.033) (0.033) (0.030)
Milking —0.121%** —0.143%%* —0.141%%* —0.177%**
(0.040) (0.040) (0.039) (0.031)
PresenceloflanUrban -0.035* -0.031* -0.028* -0.025*
Center((1800) (0.018) (0.017) (0.016) (0.014)
Climateldontrols Y Y Y Y
Malarialcontrol N Y Y Y
Waterwaycontrols N N Y Y
Geography(controls N N N Y

Notes: OLS estimates of Equation (1) are reported. The dependent variables are listed in the
leftmost column of the upper panel and include whether the ethnic group practiced cereal
cultivation, whether the ethnic group milked their livestock frequently and whether the ethnic
group had an urban center in 1800. Each cell represents a separate regression and the coefficient
on the TSI is reported. The climate variables are from the 20th century reanalysis for the year
1871. Climate controls refer to temperature, relative humidity, the firstlforder interaction
between temperature and humidity and the proportion of land area in the Tropics. Malaria refers
to the malaria ecology index developed by Kiszewski et al., (2004). Waterway controls include
whether a river was located within the ethnic group boundaries and whether the boundaries
included a coast. Geography controls include mean altitude, the FAO's agricultural suitability
index, longitude and absolute latitude. Robust standard errors clustered at the level of cultural
provincelin/parentheses. ¥ ¥ ****[Significant[at10,5and 1 percentlevels.
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TablelA.V

BALANCEDSAMPLE
Dependent(Variable (6))
Agriculture
LargeDomesticated(Animals —0.233***
(0.052)
IntensiveAgriculture —-0.069
(0.041)
PlowUse —0.048
(0.029)
Urbanization
LogPopulationDensity (Murdock) —0.821%**
(0.245)
Institutions
Indigenous(Slavery 0.123**
(0.049)
Centralization —0.112%*
(0.051)
No.Obs. 318
No.[Clusters 42

Notes: The dependent variable is noted in the leftmost column. Each cell
represents a separate regression and the coefficient on the TSI is reported. The
sample is balanced and includes all outcomes except female participation in
agriculture. (Including female participation in agriculture reduces the sample size
to 216 though the results are qualitatively similar). Column (1) reports OLS
estimates of Equation (1). All specifications include temperature, relative humidity
the firstlorder interaction between temperature and humidity the proportion of
land area in the Tropics, as well as mean altitude, the FAO's agricultural
suitability index, access to waterways, the malaria ecology index developed by
Kiszewski et al., (2004), absolute latitude and longitude. Standard errors clustered
at the level of cultural province in parentheses. * ** *** Significant at 10, 5 and 1
percent(levels.
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TableA.VI

VIRTUALICOUNTRIES
Dependent/Variable (1)
Agriculture
LargeDomesticated[Animals —0.155%**
(0.043)
IntensivelAgriculture -0.121**
(0.041)
PlowUse —0.144%*
(0.057)
Femaleslin[Agriculture 0.329%**
(0.065)
Urbanization
LogPopulation Density (Murdock) —1.028%**
0.272)
Institutions
Indigenous(Slavery 0.051
(0.065)
Centralization —-0.080*
(0.042)

Notes: OLS estimates of Equation (1). Each cell represents a
separate regression and the coefficient on the TSI is reported.
The sample is comprised of virtual countries. Each country is
the shape of a square approximately 160,000 kilometers® in
size. Ethnic group outcomes are averaged within the virtual
country boundaries. Unweighted results are reported, but
similar results are obtained when weighting each average
outcome by the number of observations comprising the
average. All regressions include temperature, relative
humidity the firstlorder interaction between temperature and
humidity, the proportion of land area in the Tropics, as well
as mean altitude, the FAQO's agricultural suitability index,
access to waterways, the malaria ecology index developed by
Kiszewski et al., (2004), absolute latitude and longitude.
Conley standard errors in parentheses with cutoffs of 40
degrees latitude and longitude. * ** *** Sjonificant at 10, 5
and[1percentlevels.
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Table[A.VII

INCLUDINGISPATIALLAGSIOFTSETSESUITABILITY

Dependent(Variable (1) (2)
Agriculture Own[TSI Spatial Lag[TSI
LargeDomesticated[Animals —0.178%** —1.394%*
(0.038) (0.673)
IntensivelAgriculture -0.051 -0.154
(0.036) (1.046)
PlowUse —0.042% 0.290
(0.023) (0.436)
Femaleslin(Agriculture 0.130** 0.236
(0.064) (0.922)
Urbanization
LogPopulation(Density (Murdock) —0.876%** 4.173%
(0.220) (2.448)
Institutions
Indigenous(Slavery 0.097** 0.758
(0.038) (0.503)
Centralization —0.093%* 0.101
(0.044) (0.719)

Notes: OLS estimates of a modified version of Equation (1) with the spatial lag
TSI included. The dependent variable is listed in the leftmost column. Each row
represents a separate regression and the coefficient on the ethnic group's own
TSI is reported in column (1), while the coefficient on the spatial lag TSI is
reported in column (2). See footnote (29) for details. All specifications include
climate controls (temperature, relative humidity, the firstorder interaction
between temperature and humidity and the proportion of land area in the
Tropics), a control for malaria and controls for mean altitude, FAO's agricultural
suitability index, longitude, absolute latitude and access to waterways and their
spatial lags. Coefficients are reported with robust standard errors clustered at
the level of cultural province in parentheses. * ** *** Sjgnificant at 10, 5 and 1
percentlevels.
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APPENDIX B: DATA SOURCES

Climate Data and the TseTse Suitability Index. The TSI is constructed using global,
gridded daily climate variables from the 20th Century Reanalysis version 2.0:
http://www.esrl.noaa.gov/psd/data/20thC _Rean. 20CRv2 is a retrospective analysis
produced by the National Oceanic and Atmospheric Administration’s (NOAA) Earth
Science Research Laboratory Physical Sciences Division in collaboration with the
University of Colorado CIRES Climate Diagnostics Center. The 20CRv2 is the earliest
climate data set available (at a 2° spatial resolution) that covers Africa and includes the
indicators necessary for constructing the TSI. The 20CRv2 uses advanced assimilation
methods (the Kalman Ensemble technique) to develop a more accurate representation of
late 19th century weather. Earlier reanalyses had difficulty recreating weather for historical
periods since upper-air observations typically increased over time and data assimilation
methods could not adequately adjust for variation in observation networks. The single level
daily data file for air temperature and relative humidity in the earliest year of available
data, 1871, was used in this study. The interested reader is referred to Compo and
Sardeshmukh (2011) for more information on the reanalysis technique. Modern climate
data used in the analysis are from the East Anglia Climate Research Unit and span the
period 1961-1990: http://www.cru.uea.ac.uk/cru/data/hrg/tmec.

Population and Urbanization Data. City location geospatial data are from Chandler (1987)
for the year 1800. Cities are defined by Chandler as locations with over 20,000 inhabitants.
Population data are estimated by Murdock (1959a) for African ethnic groups. Population
density is defined as logarithm (inhabitants per square kilometer). The gridded population
data for the year 2007 are taken from LandScan™ http://www.ornl.gov/sci/landscan. The
LandScan algorithm uses remote sensing spatial data and imagery analysis technologies to
disaggregate census counts within an administrative boundary and estimate an ambient
population (e.g., an average population over 24 hours).

Geographic Variables: GTOPO 30 is a digital elevation model of the world, developed by
the United States Geological Survey (USGS). http://eros.usgs.gov. Elevation is calculated
in kilometers. Data on the location of rivers were obtained from the Harvard GIS Center:
http://www.gis.harvard.edu/icb/icb.do. Coast and distance to the coast were calculated
using the near tool in ArcMap version 10.1.The malaria ecology index by Kiszweski and
Sachs (2004) is used to approximate the prevalence of severe forms of malaria. This index
is derived from an equation relating the human-biting tendency of the mosquito to the
daily mortality rate. The parameters for the index are taken from field studies. Biting
force is proxied for by the number of mosquitoes in a given area that have evidence of a
human bloodmeal and mortality is based on the climatic limits for Anopheles survival.
There is also an adjustment for the type of mosquito most prevalent in a particular region.
A coarser malaria map from the year 1900 is used in a robustness check (Hay and Snow,
2004). Agricultural suitability refers to suitability of land for rainfed crops and is accessible
from the FAO’s Global Agro-Ecological Zones (2000) website:
http://www.iiasa.ac.at/Research/LUC/GAEZ/index.htm. The FAO methodology
characterizes the climate, soil and terrain conditions relevant to agricultural production
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and compares these requirements with observed conditions to develop a global data set of
maximum potential crop yields under varying input levels. This index has been described
in detail by Nunn and Qian (2011). Similar to their analysis, suitability for rainfed crops is
used in this empirical exercise to approximate historical agricultural conditions. The
suitability index is normalized to range from 0 to 1 with higher values indicating greater
suitability.

Slave Ezports data are from Nunn and Wantchekon (2011) and measure the number of
slaves taken from each ethnic group between years t-1 and t. Estimates begin in 1400. The
logarithm of 14 the total slaves exported per ethnic group, normalized by ethnic group
land area, is used as a measure of slave export intensity. This data set can be found at:
http: //www.economics.harvard.edu/faculty /nunn/data_nunn.

TseTse Presence data are taken from Ford and Katondo (1977)and the International
Livestock Research Unit website: http://www.ilri.org/GIS.

Light density at night values are from the Defense Meterological Satellite Program’s
Operational Linescan System (DMSP-OLS). The files are cloud-free composites made using
all available archived DMSP-OLS smooth resolution data for the calendar year of 2008.
The data used in this paper contain lights from cities, towns, and other sites with
persistent lighting, including gas flares. The Log (0.01 + average luminosity) is used as a
dependent variable in the modern analysis. The data can be found online at:
http://ngdc.noaa.gov/eog/

Cattle data in Africa (approximate year 2005) were provided by FAO, Agal Division
courtesy of Elisa Palamara and Tim Robinson. The Log (14 number of cattle) is used as a
dependent variable in the modern analysis.

Precolonial Ethnographic Outcomes. Ethnographic outcomes are from the Ethnographic
Atlas. The variables used in this analysis and their definitions are provided in the table
below:
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APPENDIX C: INSECT PHYSIOLOGY AND THE TSETSE SUITABILITY INDEX

This appendix provides further background information on the development of the TseT'se
Suitability Index (TSI). Other researchers have developed suitability indices for the TseTse
(Rogers and Randolph, 1986); however, they were not appropriate for this paper since they
used inputs that could be considered endogenous, such as the distribution of cattle. Im-
portant for the approach herein is that results from controlled laboratory experiments are
used to identify abiotic climate factors that affect insect physiology and thus determine the
reproductive success of the fly. In general, insects are particularly sensitive to changes in
the conditions of their environment due to their large surface area to volume ratio, which
affects thermoregulation and water balance (Schowalter, 2011). The TseTse is distinguished
from most other insects by its method of reproduction, known as adenotrophic viviparity,
which results in a low number of offspring production per adult female. After ovulation, the
egg develops in the uterus of the female until reaching the third instar larva stage (Jackson,
1949). Larva are deposited onto the soil where they quickly burrow and encapsulate to form
pupa. The pupa have fat stores that last for the approximately month-long period needed
to metamorphosize into adult flies (Glasgow, 1963).

Pupa metabolism is highly temperature dependent. Extremes of temperature lead the
pupa to metabolize lipid reserves too quickly or slowly, thereby exhausting energy stores
before metamorphosis is complete. Figure II panel (A), adapted from Bursell (1960) and
Rajagopal and Bursell (1965), demonstrates pupa survival as a function of temperature. The
dots represent data from lab experiments on hundreds of flies and a line representing the
best quadratic fit is shown. At temperatures below 22 degrees Celsius, adult flies lapse into
a chill coma (Terblanche and Chown, 2008). TseTse flies, especially at the young, teneral
stage, are susceptible to dessication at low humidities (Mellanby, 1937). The saturation
deficit is a combination of humidity and temperature-it captures the difficulty organisms
have in transpiration in hot and humid weather. Figure II panel (B) shows that at lower
humidities (higher saturation deficits) fly mortality increases. Teneral comes from tener,
the Latin word for tender, and describes the softness of the fly body and immaturity of its
thoracic musculature prior to the first blood meal. Insects are particularly vulnerable to
desiccation during molts (Schowalter, 2011). These physiological relationships are combined
in a closed population growth model of the fly. The equations used in the model of TseTse
fly population growth are provided in the table below:
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Table(C.I

FORMULAEFORTHEPOPULATIONI(GROWTHMODELOFTHETSETSEFLY

Variable Formula

Birth Rate(B) B(t) = (—0.0058 - t* + .2847 - t — 2.467)
Adult Fly Mortality (V) ‘M(t,h) = (—.0003 - satdef? + 0.0236 - satdef + .235)
RatelofIncrease/(d) ‘nz.a:?j‘([B — ﬂ:’f), 0)

a
Steady(StatePopulation N*¥ = (l) e

L]

TseTselSuitability Index [[Z[scorelof IN*

Notes: Temperature is in degrees Celsius and denoted with a t. Relative Humidity is a percent and denoted h
Saturation deficit is denoted satdef and is a nonlinear combination of temperature and relative humidity. In the

baseline model phi=0.025 and psi=1.25. *Mortality was replaced by its maximum value if the mean temperature
was(lessthan22(degrees[Celsius(tolreflectthechilllcoma"phenomenon.
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