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Abstract
Variations in rainfall characteristics play a key role in available water resources for a country. In this study, spatial and temporal
variations in rainfall in Iran were determined using the daily rainfall concentration index (DRCI) and monthly rainfall percentage
index (MRPI), based on 30-year (1987–2016) daily precipitation records from 80 meteorological stations throughout Iran. The
results showed thatMRPI differed between locations within Iran, with increasing or decreasing trends observed in different areas.
The highest significant decreasing trend inMRPI (3–7% per decade) was found forMarch rainfall in western Iran, and the highest
increasing trend in MRPI (3–7% per decade) for November rainfall in eastern and southern Iran. The DRCI values obtained
varied from 0.57 to 0.71, indicating moderate and high rainfall concentrations, with the highest DRCI values in coastal zones of
Iran near the Caspian Sea and the Persian Gulf. Trend analysis showed increasing trends in DRCI values at 80% of meteoro-
logical stations, and these trends were significant at 37% of those stations.

1 Introduction

Knowledge of spatio-temporal variations in rainfall is crucial for
water resources management, water infrastructure design, fore-
casting droughts and floods, and providing water for agricultural
activities (Darand and Khandu 2020; Peng et al. 2014; Pulwarty
et al. 2010; Sarricolea et al. 2019; Vyshkvarkova et al. 2018). In
recent decades, the spatial and temporal distribution of rainfall in
different regions of the world has been investigated in many
studies, some of which indicate an influence of global warming
on rainfall pattern (Alijanian et al. 2019; Cochrane et al. 2020;
Fadhel et al. 2018; Khalili et al. 2016; Khavarian-Garmsir et al.
2019; Rademacher-Schulz et al. 2014; Haghighi et al. 2020;
Singh and Qin 2020).

In terms of watershed management, changes in rainfall pat-
terns affect soil erosion and sediment yield at the watershed
scale (Alavinia et al. 2019; Narayana 2006; Vyshkvarkova

et al. 2018; Zhao et al. 2012; Pirnia et al. 2019a). In addition,
temporal changes in rainfall pattern may severely influence
people’s livelihoods, especially in warm, dry areas where live-
lihoods are based on cropping (Abou Zaki et al. 2018;
Cochrane et al. 2020; Henry et al. 2004; Pérez-Gutiérrez
et al. 2020; Saino et al. 2007; Spekkers et al. 2013; Sun
et al. 2019; Torabi Haghighi et al. 2020). Therefore, it is im-
portant to analyze rainfall variations at temporal and spatial
scales for sustainable water resources management and for the
prevention of severe floods or droughts (Singh et al. 2020;
Singh and Qin 2020; Strauch et al. 2015; Xu et al. 2010;
Hekmatzadeh et al. 2020).

Several studies have examined rainfall patterns in Iran. For
instance, Alijani et al. (2008) calculated the daily rainfall con-
centration index (DRCI), using meteorological records for
1982–2004 from 90 meteorological stations located across
the country and concluded that rainfall in coastal regions
near the Persian Gulf and the Caspian Sea occurs mainly on
a few rainy days. Tabari and Talaee (2011) studied annual and
seasonal precipitation trends at 41 stations throughout Iran for
the period 1966–2005 and identified a decreasing trend in
annual precipitation at around 60% of the stations. Different
spatial and temporal rainfall patterns in every season in Iran
were observed by Javari (2017), based on records from syn-
optic stations. Rahimi and Fatemi (2019) calculated eight ex-
treme precipitation indices, including Rx1day and R20, in
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different areas of Iran using records from 33 synoptic stations,
and observed significant increasing trends in the indices from
1960 to 2017. Bahrami et al. (2019) computed standardized
precipitation index (SPI) for 38 Iranian synoptic stations using
data from 1967 to 2014 and found that SPI values at 84% of
these stations displayed negative trends.

All the above-mentioned studies used precipitation records
from meteorological stations. Recently, several studies have in-
vestigated precipitation patterns in Iran using satellite-based data
(Akbari et al. 2019; Alijanian et al. 2019; Katiraie-Boroujerdy
et al. 2013). For example, Alijanian et al. (2019) computed SPI
values for Iran using PERSIANN-CDR and MSWEP data.

Many studies have employed DRCI as a key indicator for
determining daily rainfall heterogeneity and extreme events
(Benhamrouche et al. 2015; Deng et al. 2018; Espinoza and
Martín-Vide 2014; Llano 2018; Martin-Vide 2004; Monjo and
Martin-Vide 2016; Royé and Martin-Vide 2017). High DRCI
values can indicate the probability of floods and droughts, so
understanding spatio-temporal alterations in DRCI values can
help decision-makers in integrated water resource management.
Due to climate change in recent decades, it is of critical impor-
tance to determine the spatial and temporal variability in DRCI
using up-to-date precipitation records.

To our knowledge, little attention has been paid to date to
temporal trends in yearly DRCI values in Iran. Moreover,
numerous dams have been constructed in Iran during the past
century, for water storage and flood control, operating under
specified rule curves. Due to possible spatial and temporal
changes in precipitation, these rule curves may need modifi-
cation, creating a need for ongoing studies in the country. In
this study, DRCI and monthly rainfall percentage index
(MRPI) were used to examine the current rainfall pattern in
Iran and changes during the past three decades. To our knowl-
edge, spatial and temporal trends in MRPI have not been
studied previously in Iran.

The main objective of this study was to determine spatio-
temporal variations in DRCI andMRPI throughout Iran, using
records from 80 meteorological stations covering the period
1987–2016. Temporal changes in DRCI and MRPI were ex-
amined by applying the Mann-Kendall test to the values cal-
culated for each year in the study period. Spatial variations in
DRCI and MRPI were determined using the inverse distance
weighting (IDW) estimator applied to 30 years of daily data.
The relationship between MRCI or DRCI and elevation was
assessed for all stations using Spearman’s correlation test.

2 Materials and methods

2.1 Study area

Iran occupies a total area of 1,648,000 km2 and is located in
the Middle East (44–64° E; 25–40° N). It is bordered by the

Persian Gulf and the Oman Sea to the south and the Caspian
Sea to the north. The topography of Iran is diverse, including
the Zagros mountains (3500 m above mean sea level (msl))
and the Alborz mountains (5500 m above msl) at the northern
and western borders, respectively, and two vast deserts with a
mean elevation of 600 m above msl in central and eastern
areas. The mean annual rainfall in Iran is around 250 mm,
but ranges from less than 100 mm in the east to more than
2000 mm in the north, resulting in various climates in Iran. In
general, Iran is classified as dry and semi-arid, with low rain-
fall and high evapotranspiration (Khalili et al. 2016;
Saghebian et al. 2014).

For the present analysis, available daily precipitation
datasets from 80 meteorological stations in different regions
of Iran that have daily records from 1987 to 2016 were used
(obtained from IranMeteorological Organization (IMO)). The
locations of the stations are shown in Fig. 1 and the following
variables are presented for each station in Table 1; Mean an-
nual rainfall (mm), mean annual rainy days (N), coefficient of
variation in annual rainfall (CV (%)), and elevation (m) at
every station. The elevation of the stations varied between
26 m below msl (Bandar-Anzali station) and 2465 m above
msl (Abali station). The spatial distribution of annual rainfall
in Iran is shown in Fig. 2.

2.2 Daily rainfall concentration index

The daily rainfall concentration index was first developed by
Martin-Vide (2004) and measures the irregularity of rainfall dis-
tribution. It is computed by determining the relationship between
rainfall cumulative percentage and cumulative frequency of rainy
days, using daily records. In the first step, precipitation data are
classified into 1-mm intervals, starting with 0.1–0.9 mm, 1–1.9
mm, etc., up to the highest recorded value (Royé and Martin-
Vide 2017; Serrano-Notivoli et al. 2018). The number of days
with each category of rainfall value is then determined. In the
next step, the relative cumulative frequency of rainy days (Xi),
expressed as a percentage of the total number of rainy days, and
the cumulative percentage of rainfall records (Yi) is defined ac-
cording to Eqs. 1 and 2, respectively:

Xi ¼ 100� ∑i
j¼1ni

∑N
j¼1ni

ð1Þ

Yi ¼ 100� ∑i
j¼1Pi

∑N
j¼1Pi

ð2Þ

where ni is the number of rainy days and Pi is the amount of
rainfall for class i, and N is the number of non-zero groups.

Next, it is assumed that Xi and Yi are related by an expo-
nential relationship according to Eq. 3 (Rahman and Islam
2019; Royé and Martin-Vide 2017):
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Y ¼ aXexp bXð Þ ð3Þ
where a and b are constants that can be estimated using the
least-squares technique.

Finally, DRCI is defined as:

DRCI ¼ S=5000 ð4Þ
where S is the area between the exponential curve and the line
Y = X, estimated according to Eq. 5 (Rahman and Islam 2019):

s ¼ ∫1000 X−aXexp bXð Þ½ �dX ð5Þ

The value of the DRCI varies from 0 to 1, with higher
values of DRCI indicating that a few rainy days account for
the total amount of rainfall. As mentioned in previous studies,
DRCI > 0.61 can be considered high, 0.55 < DRCI < 0.61
moderate, and DRCI <0.55 low (REFs).

2.3 Monthly rainfall percentage index

In order to identify possible shifts in rainfall, the contribution
of rainy months to annual rainfall is calculated as:

MRPIi ¼ Pi=Ptotð Þ � 100 ð6Þ
where MRPIiis the contribution of the month i to annual rain-
fall (%), Pi is the amount of rainfall in a month i (mm), and
Ptot is the total annual rainfall (mm).

2.4 Trend analysis using the Mann-Kendall test

Non-parametric trend tests are employed extensively to detect
trends in time series (Ahn and Palmer 2016; Güçlü 2020;
Hamed 2008; Pirnia et al. 2019b). The Mann-Kendall (MK) test
is one of the most widely used methods for identifying significant
and non-significant trends in climate variables (Datta and Das
2019; Moradi 2020; Pirnia et al. 2019b). The presence of a signif-
icant trend is assessedwith theZ value, where a positive value of Z
indicates an upward trend, while a negative Z value signifies a
downward trend.

The null hypothesis of no significant trend is accepted if −Z1−α/
2< Z < Z1−α/2 , where α is the significance level. In this study,
significance levels of 10% and 5% were considered. To measure
the magnitude of trends, the Theil-Sen slope estimator was
employed (Sayemuzzaman and Jha 2014; Sen 1968; Theil 1992).
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Fig. 1 Geographic location of Iran and the spatial locations of the meteorological stations
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Table 1 Characteristics of the 80 meteorological stations from which data were obtained for the present study

Station Latitude, E Longitude, N Elevation (m above msl) Precipitation (mm) N CV (%)

Abadan 30.37 48.25 6.6 151.44 32.33 15.36

Abadeh 31.18 52.67 2030 96.98 44.37 17.44

Abali 35.75 51.88 2465.2 501.09 104.7 33.49

Abumusa 25.83 54.83 6.6 89.69 17.1 11.51

Ahar 38.43 47.07 1390.5 258.05 108.9 31.33

Ahvaz 31.33 48.67 22.5 216.01 47.67 17.27

Arak 34.1 49.77 1708 297.68 72.63 24.36

Astara 38.42 48.87 - 18 1198.12 149.23 35.58

Babolsar 36.72 52.65 - 21 927.5 110.93 28.57

Bamok 29.1 58.35 1066.9 55.33 18.43 12.2

Bandar-Abasok 27.22 56.37 9.8 169.23 24.7 11.6

Bandar-Anzali 37.47 49.47 - 26 1735.07 153.43 35.24

Bandar-Lengeh 26.53 54.83 22.7 125.21 18.2 11.27

Bandar- Mahshahr 30.55 49.15 3 150.13 38.07 17.57

Bijar 35.88 47.62 1883.4 306.72 93.47 28.86

Birjand 32.87 59.2 1491 151.89 49.13 20.33

Bojnurd 37.47 57.32 1091 217.3 90.57 29.3

Bostan 31.72 48 7.8 146.42 34.27 18.1

Bushehr 28.98 50.83 19.6 263.14 44.17 15.65

Chabahar 25.28 60.62 8 61.6 12.07 10.26

Dorudzan 30.22 52.43 2025 403.24 45.13 21.7

Esfahan 32.62 51.67 1550.4 128.91 39.47 17.29

Fasa 28.97 53.68 1288.3 268.33 33.47 16.74

Ferdows 34.02 58.17 1293 102.76 41.03 20.55

Garmsar 35.2 52.27 825.2 90.4 38.7 18.61

Gharakhil 36.45 52.77 14.7 621.5 126.33 33.62

Gonabad 34.35 58.68 1056 107.94 44 20.17

Gorgan 36.85 54.27 13.3 522.43 110.03 28.83

Ilam 33.63 46.43 1337 483.37 70.43 27.31

Iranshahr 27.2 60.7 591.1 104.4 24.67 13.07

Jask 25.63 57.77 5.2 77.15 15.17 10.66

Jolfa 38.75 45.67 736.2 180.85 84.3 27.99

Karaj 35.92 50.9 1312.5 217.84 72.93 27.7

Kashan 33.98 51.45 982.3 128.02 40.03 19.12

Kashmar 35.2 58.47 1109.7 155.97 49.9 21.7

Kerman 30.25 56.97 1753.8 126.4 39.2 18.62

Kermanshah 34.35 47.15 1318.6 417.96 79.6 26.24

Khalkhal 37.63 48.52 1796 329.84 99.97 33.74

Khoramabad 33.43 48.28 1147.8 476.38 74.77 25.81

Khoy 38.55 44.97 1103 262.73 94.03 27.18

Khur-Va-Biabanak 33.78 55.08 845 54.61 33.57 15.91

Kish 26.5 53.98 30 105.06 21.93 13.49

Mahabad 36.77 45.72 1385 347.09 78.87 29.53

Maku 39.38 44.39 1411.3 265.69 122.73 34.41

Maragheh 37.4 46.27 1477.7 249.07 81.93 28.2

Mashhadok 36.27 59.63 999.2 240.94 79.23 24.53

Masjedsoleyman 31.93 49.28 320.5 352.55 50.27 21.59

Mianeh 37.45 47.7 1110 240.56 81.4 29.21

Minab 27.1 57.08 29.6 148.54 21.8 13.88
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Since the presence of positive or negative autocorrelation in
the data may lead to overestimation or underestimation of posi-
tive or negative trends, the time series should be serially inde-
pendent. In this study, the trend-free pre-whitening (TFPW)
method was used to remove possible autocorrelation in the data
(Yue and Hashino 2003; Yue et al. 2002).

2.5 Interpolation method

To determine the spatial distribution of DRCI and MRPI, the
inverse distance weighting (IDW) method was applied. This
technique has been widely employed for determining the spa-
tial distribution of meteorological parameters (Caloiero et al.
2020; Chen and Liu 2012; Noori et al. 2014). The ArcGIS
10.5 software was used to produce zoning maps for Iran.

2.6 Spearman correlation

The non-parametric Spearman correlation method is widely
used to measure the correlation between climate variables
(Zhang et al. 2016). The value of Spearman’s correlation co-
efficient (r) ranges between −1 ≤ r ≤ 1, where the closer r is to
+-1, the stronger the monotonic relationship.

3 Results and discussion

3.1 Spatial distribution of DRCI

Daily rainfall concentration curves for the 80 meteorological
stations were created using all available data from 1987 to

Table 1 (continued)

Station Latitude, E Longitude, N Elevation (m above msl) Precipitation (mm) N CV (%)

Nowshahr 36.65 51.5 - 20.9 1192.44 135.47 31.9

Orumiyeh 37.53 45.08 1315.9 308.2 89.5 25.08

Parsabad 39.6 47.78 31.9 229.47 77.27 27.35

Piranshahr 36.67 45.13 1455 613.49 86.1 30.66

Qaen 33.72 59.17 1432 133.18 52.83 21.36

Qazvin 36.25 50.05 1279.2 316.88 90.17 27.5

Quchan 37.07 58.5 1287 279.41 83.37 29.11

Ramsar 36.9 50.67 - 20 1234.42 136.17 25.42

Rasht 37.2 49.65 36.7 1333.52 146.37 34.8

Sabzevar 36.2 57.72 977.6 186.78 58.97 22.38

Safiabad 32.27 48.42 82.9 254.26 51.93 20.54

Saghez 36.25 46.27 1522.8 449.98 84.2 28.2

Sanandaj 35.33 47 1373.4 386.01 85.23 26.66

Sarab 37.93 47.53 1682 210.82 101.5 30.88

Sarakhs 36.53 61.17 235 165.89 54.3 23.47

Sardasht 36.15 45.5 1670 766.14 93.6 31.87

Semnan 35.58 53.55 1130.8 137.45 48.9 19.35

Shahrebabak 30.1 55.13 1834.1 116.96 28.67 17.54

Shahrekord 32.28 50.85 2048.9 326.57 62.8 22.47

Shahrood 36.42 54.95 1345.3 153.31 58.83 20.31

Shiraz 29.53 52.6 1484 317.09 49.23 19.96

Sirjan 29.47 55.68 1739.4 107.07 26.87 16.23

Tabas 33.6 56.92 711 62.21 35.37 17.39

Takab 36.38 47.12 1765 287.71 95.53 29.83

Tehran 35.68 51.32 1190.8 232.71 78.67 24.23

Torbate heydarie 35.27 59.22 1450.8 253.92 62.77 23.27

Yasuj 30.63 51.6 1831.5 671.84 63.33 25.77

Yazd 31.9 54.28 1237.2 51.12 31.87 14.12

Zabol 31.03 61.48 489.2 53.34 22.43 12.56

Zahedan 29.47 60.88 1370 75.45 32.53 13.73

Zanjan 36.68 48.48 1663 289.21 103.57 28.69
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2016. The DRCI values obtained varied from 0.57 at
Shahrebabak station to 0.72 at Bandar Abbas station, i.e., a
difference of 0.15 across Iran (Fig. 3). The DRCI values indi-
cated a moderate or high level of rainfall concentration in Iran,
since the value exceeded 0.57 at all stations (Fig. 4). As shown
in Fig. 4b, more than 66% of rain events occurred on only
25% of rainy days in Iran in the study period. These results
reveal irregular precipitation in Iran, with some heavy
rainfall events. Hence, the possibility of flooding is
high, especially in areas with relatively low annual rain-
fall. A previous study by Alijani et al. (2008) calculated
DRCI values for Iran using precipitation data from 1982
to 2004 and obtained values ranging from 0.59 to 0.73,
which is similar to the range obtained in this study
using data from 1987 to 2016.

As indicated in Fig. 4, DRCI in the majority of Iran
is higher than 0.61, indicating the possibility of extreme
rain events. Iran’s coastlines, located to both the north
and south, were found to have the highest DRCI values,
i.e., showed the greatest anomalies in daily rainfall.
Some stations, such as Bandar Abbas and Bushehr in

the south and Anzali in the north (coastal zones), had
DRCI values of over 0.7, which means that about 80%
of rainfall occurs on only 25% of the rainy days in a
year (Fig. 4b). It should be pointed out that rainfall in
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Fig. 3 Exponential curves and daily rainfall concentration index (DRCI)
values at the meteorological stations Shahrebabak and Bandar Abbas
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the north can reach 2000 mm in a year, while the
southern areas have annual rainfall values of less than
150 mm (Fig. 2). In western Iran, where the Zagros
Mountains are located and yearly precipitation is higher
than 150 mm, the DRCI values were higher than 0.63.
Because these mountains have steep slopes, the risk of
flash flooding may be high in the region. The DRCI
values in eastern areas were also over 0.63, signifying
high rainfall concentrations.

3.2 Temporal trends in DRCI

According to the Z values obtained in the MK test, there was
an increasing trend in DRCI at 64 of the 80 stations (80%),
and this trend was significant (α = 10%) at 24 of these 64
stations (37.5%). The DRCI values showed a decreasing trend
at the other 16 stations, but the trend was only significant at
one station. These results indicate an overall trend for increas-
ing precipitation concentration in recent decades.
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Fig. 5 Spatial distribution of the a Z and b Sen Slope estimator in MK test over Iran during 1987–2016
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The most significant increasing trends in DRCI were in
western and north-western areas of Iran, and in the south-
east (Fig. 5a). At some stations in south-west and south-east
Iran, DRCI increased by 0.0025–0.0059 per year, which is
equivalent to 0.075 to 0.177 per decade in the past three de-
cades (Fig. 5b). These increases in DRCI values are high,
indicating an increasing risk of floods and droughts in these
regions. Severe widespread flooding occurred in the west and
south-west of Iran in March 2019, resulting in the death of 70
people. In central regions, where the Dasht-e Kavir and Lut
Deserts are located, yearly rainfall is low and the DRCI trend
in the study period was non-significant.

3.3 Spatial distribution of MRPI

The mean monthly rainfall in Iran for every month of the year,
based on datasets from the 80 meteorological stations, is illus-
trated in Fig. 6, while monthly precipitation boxplots are
displayed in Fig. 7. Further analysis was limited to the seven
rainiest months in the year; i.e., the spatial distribution of

MRPI in only March, December, January, November,
February, April, and October was assessed.

The percentage of rainfall falling in each month was very
dissimilar in different areas of Iran. The spatial distribution of
MRPI for the seven rainiest months is shown in Fig. 8, based
on the average values for the 30-year study period. In January,
the highest MRPI (25–32%) was found in southern regions,
while the lowest MRPI (4–11%) was in northern Iran. In con-
trast, the highest MRPI in October (16–22%) was in northern
areas. In February and March, MRPI increased from the west
of Iran (roughly 4%) to the east (approximately 24%).
Interestingly, the MRPI values in April declined from
20% in the north-west to 2–7% in southern and south-
eastern regions. In November, narrow areas in the north
and south-west of Iran had the highest MRPI values (13–
17%), followed by western parts (9–13%). South-western
Iran had the highest MRPI values in December. These
results indicate that MRPI in rainy months differs from
the north to the south and from the west to the east, indi-
cating a need for region-specific water resource regula-
tions in different areas of Iran.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Series1 41.7 37.8 44.8 32 17.5 7.07 5.43 7.11 16.5 31.1 39.2 42.4
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Fig. 6 Average total rainfall in
each month at the 80 stations
during the period 1987–2016

Fig. 7 Boxplot of average total rainfall in each month at the 80 stations during the period 1987–2016
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3.4 Temporal trends in MRPI

The distributions of Z values from MK tests and Theil-Sen
slope estimator associated with MRPI in the rainiest months

are presented in Fig. 9 and Fig. 10, respectively. Decreasing
and increasing trends in MRPI were observed in different
regions of Iran, with the trends in February, March, and
November being significant at several meteorological stations.
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Fig. 8 Spatial distribution of the MRPI in Iran during 1987–2016. a Jan, b Feb, c Mar, d Apr, e Oct, f Nov, and g Dec
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Fig. 9 Spatial distribution of the Z criteria in MK test for RPI in Iran during 1987–2016. a Jan, b Feb, c Mar, d Apr, e Oct, f Nov, and g Dec
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In January, non-significant upward trends in MRPI
were mainly seen in southern and south-western regions,
while central parts of Iran showed non-significant down-
ward trends. Although the trends in the south were not
statistically significant, MRPI increased by approximate-
ly 0.2–0.5% per year (Fig. 10a). Compared with the
average value (20–30%) of MRPI in those areas, this
change is considerable.

In February, the majority of meteorological stations in Iran
showed a declining tendency in MRPI, with the decreasing trends
being significant (p<0.10) for some stations in the west (see Fig.
9b). As shown in Fig. 10b, MRPI increased by roughly 1–6% per
decade in western areas. However, MRPI in February showed a
non-significant declining tendency at some stations in the northern
and central zones.

Most areas of Iran displayed a decreasing trend in MRPI in
March, and this trend was significant (p<10) at several stations
in the west and north (see Fig. 9c). According to the Theil-Sen
estimator, a decline inMRPI of 3–7% per decade has occurred
at these stations. Since the average value of MRPI at these
stations ranged between 10 and 15%, the estimated drop in
MRPI was quite sizeable, representing a considerable change
in MRPI. A decline of 3–7% per decade was also observed at
several western stations, but the average MRPI values at those
stations were around 20–25%.

In April and October, both upward and downward trends
for MRPI were observed in Iran and these trends were non-
significant (Fig. 9d, e). In April, the greatest increase in MRPI
(2–5% per decade) was found at some stations in the central
region. The highest increase in MRPI in October (1–3% per
decade) was found for a few stations in the north. In
November, considerable areas in the east and south of Iran
showed significant increasing trends in MRPI, with the value
increasing by about 2–5% per decade in those regions ((Fig.
10f). It is worth noting that these regions receive 5–10% of
their annual rainfall in November (Fig. 8f). Consequently, the
changes of 2–5% in MRPI indicate considerable alterations.
The MRPI values in December showed a declining tendency
in most of Iran. These changes were not significant (p>0.10),
but MRPI dropped by 2–6% per decade at many stations
throughout Iran.

3.5 Spearman correlation analysis

Spearman’s correlation coefficient values between DRCI and
MRPI in the sevenmost rainymonths and station elevation are
reported in Table 2. The correlation between DRCI and station
elevation was about - 0.47, indicating a moderate inverse cor-
relation. In other words, DRCI decreases as station altitude
increases, or the number of rainy days increases at a higher
elevation. The MRCI values in April showed the highest pos-
itive correlation with station elevation and the highest nega-
tive correlation with DRCI. Indeed, DRCI was mainly affect-
ed by the rainfall percentage in March. Moreover, there was a
direct relationship between MRPI and DRCI for January,
November, and December (r = 0.18, 0.24, and 0.32, respec-
tively). However, the relationships between DRCI and MRPI
in March and April were negative (Table 2).

4 Conclusions

Spatial and temporal changes in DRCI and MRPI in Iran were
studied using precipitation records from 80 stations through-
out Iran. The results for DRCI revealed dissimilar patterns in
different areas of Iran. The DRCI values ranged from 0.57 to
0.72 and the value was greater than 0.61 at most stations (60/
80 stations), indicating the contribution of a few rainy days to
annual rainfall in Iran. There were increasing trends in yearly
DRCI values at many meteorological stations, and these
trends were significant for some areas in the west, south-west,
and south-east of Iran, indicating a higher likelihood of floods
in these regions.

The analysis of monthly rainfall data indicated that MRPI
in rainy months depends on the geographical location. In
January, southern areas had the highest MRPI (25–32%) and
northern areas the lowest (4–11%). The highest MRPI in
October was in the northern areas (16–22%).

Trend analysis indicated upward or downward trends for
MRPI in many areas of Iran in every month, with changes of
2–7% per decade at several meteorological stations in some
months. The highest significant increasing trend in MRPI (2–
5% per decade) occurred in November, at stations in the east

Table 2 Spearman’s correlation coefficient between the variables daily rainfall concentration index (DRCI) monthly rainfall percentage index (MRPI)
and elevation in the seven rainiest months in Iran

Parameter MRPI-
Jan

MRPI-
Feb

MRPI-
Mar

MRPI-
Apr

MRPI-
Oct

MRPI-
Nov

MRPI-
Dec

Elevation CI

Elevation - 0.15 0.111 0.262*** 0.591*** 0.015 - 0.178 - 0.131 1 - 0.469***

DRCI 0.186* 0.067 - 0.253*** - 0.592*** 0.009 0.24** 0.322*** - 0.469*** 1

*Refers to the significance at 95% level

**Refers to the significance at 99% level

***Refers to the significance at 999% level
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and south of Iran. The highest significant decreasing trend in
MRPI (3–7% per decade) occurred in March in western Iran.
Spearman correlation analysis showed that MRCI in March
had the strongest correlation with DRCI.
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