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Abstract— The civil war, harsh climate, tough topography, and lack of accurate meteorological
stations have limited the number of consecutive synoptic data across Afghanistan. The global
data (gridded precipitation datasets) pave the way to assess the precipitation indicators of climate,
where stations are sparsely located. This study assessed the mean annual precipitation trend in 33
stations over Afghanistan. Non-parametric linear regression technique was employed to find
upward and downward trends and magnitudes. The daily of precipitation was obtained from the
database of the CPC-NOAA (Climate Prediction Center - National Oceanic Atmospheric
Administration) for the period of 1979-2019. The CPC spatial resolution of daily precipitation is
0.5%0.5 degree. Analysis of mean annual precipitation showed a significant decreasing trend at
six provinces in the north, while an increasing trend of 9.2 mm per decade has been observed at
three provinces. In the south, a notable reduction of the precipitation trend has been experienced
in Helmand, Kandahar, and Nimruz provinces, but Ghazni and Uruzgan show a positive trend.
Data revealed that mean annual precipitation has remarkably decreased in the western part of
Afghanistan. According to the study period, the mean annual rainfall in the central regions
indicates a raise of 37.5 mm per decade in Kabul, while in Vardak, the precipitation increases up
to 9.21 mm per year. Eastern regions include 8 provinces, and the eastern highland covers the
smallest area that is mainly covered by rangeland and the largest existing forests. These regions
are directly influenced by the moist air masses of Indian monsoon getting trapped at the high
mountain slopes, and it can lead to an increase of rain. Data reveals an upward trend of
precipitation in the eastern part of Afghanistan.
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1. Introduction

Climate change is a change in climatic parameters (such as temperature,
precipitation, and their characteristics) and associated patterns (Pachauri et al.,
2014). In this regard, changes in temperature and precipitation due to their
association with phenomena such as drought, floods, and their hydrological and
biological consequences are receiving more attention (Sheila, 2013). Despite this
very alarming situation, almost no scientific literature on climate change and its
impacts in the past, nor projected for the future, exists (World Bank, 2014).
Therefore, climate change as effective process on social, economic, and
environmental phenomena and processes has been considered by scientific circles.
(Groisman et al., 1999) Afghanistan is frequently ranked among the countries most
vulnerable to climate change (Kreft, et al., 2015). Afghanistan, as a society often
based on the rural economy on natural resources. The livelihood of most Afghans
depends on agriculture, and agriculture depends on rainfall. Changes in rainfall
could lead to vulnerability for farmers in Afghanistan, which is happening. These
resources are very vulnerable to climate change. More than 80% of the country's
water resources (a total of 75 billion cubic meters of water, 55 billion cubic meters
of which includes surface currents and 20 billion cubic meters of groundwater)
come from the Hindu Kush Mountains and its rainfall (World Bank, 2014). Change
in climate extremes was assessed that indicate reduction frosts and freeze and
raising in hot days in most part of the world (Kar! et al., 1999). Climate variability
is the one of the threats to water resources in tropical regions at large scale.
Changes in precipitation have direct effects on water resources, agriculture,
forestry, ecosystem, natural resources, plant cover, and drinking water
(Cannarozzo et al., 2006). Precipitation generally increases in the extra-tropical
areas, conversely, rainfall declines in the subtropical region (Houghton, 1996).
Change in precipitation, evaporation, and snow cover extent have occurred
significantly, during the last 50 years over the conterminous United States (Kunkel
et al., 1999; Frei et al., 1999). Precipitation shows a 10% increase since 1910
throughout the contiguous United States (Karl and Knight, 1998). Precipitation
trend is seen as a long-term increase mostly in North America, mid- to high-
latitude Eurasia, Argentina, and Australia during the period of 1900-1988 (Dai et
al., 1997). Frequency of precipitation has been remarkable increased in U.S. since
1920, and less extreme events have occurred in some part of Canada (Kunkel,
2003). The average of precipitation has increased by more than 10% in Canada
over the 20th century (Groisman and Easterling, 1994; Mekis and Hogg, 1999;
Akinremi et al., 2001, Cutforth et al., 2001). Heavy daily rainfall interrelated with
global warming because of atmospheric water vapor and warmer air (Solomon and
Srinivasan, 1995). Increased variance of precipitation has occurred everywhere
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that wet areas become wetter and arid areas become drier. Overall, precipitation
increased at high latitudes (Northern Hemisphere), decreased in China, Australia,
and the Small Island States in the Pacific, and its variance increased in equatorial
regions. The changes in the major ocean currents also appear to be affecting
precipitation patterns. For example, increased intensity and frequency of El Nifio
and ENSO seem to be associated with the evidence of an observed ‘‘dipole’’
pattern affecting Africa and Asia, although this time series is too short so far
(Dore, 2005). The number and fequency of extremely intensive rainfalls were
reduced in the southwestern and western parts of Australia, conversely, an increase
in the extreme events can be observed in the eastern part of Australia (4/lan and
Haylock, 1993; Nicholls and Lavery, 1992: Suppiah and Hennessy, 1998; Haylock
and Nicholls, 2000; Hope et al., 2010). The trend analysis of precipitation showed
an upward trend in the annual rainfall over the period of 1955 to 2009 in the San
Juan metropolitan area in Puerto Rico (Méndez-Lazaro et al., 2014). The study
shows, that in the semi-arid Botswana, the rainfall variability decreased with a
reduction of rainy days and a rise of drying throughout the area (Batisani and
Yarnal, 2010). In Spain, plant cover change has occurred in the Mediterranean
climate, and it is associated with an evolution of temperature and precipitation. The
results shows a several decrease in the water supply with high dependence on
precipitation (Ceballos-Barbancho et al., 2008). The annual precipitation has
slightly decreased throughout China over the last five decades (Zhai et al., 2011).
Conversely, the heaviest precipitations have significantly raised over the Yangtze
River and West China during the last decades of the 20th century, while a
reduction in the precipitation can be observed over the northern part of China (Zhai
et al, 1999b). Also, heavy precipitation and flash flood have occurred in the
Caribbean (Laing, 2004). The precipitation has remarkably increased over Europe
in the decades of the 20th century, while a downward trend shows a decline
southward to the Mediterranean (Schonwiese and Rapp, 2013).

Scientific resuls reveal that the trend of extreme rainfalls has been reduced
remarkably over Southeast Asia and the western and central parts of the South
Pacific in the period of 1965 to 1998 (Manton et al., 2001). Severity of
precipitation in South and Central Asia shows little change with positive and
negative trends during 1961-2000 (Klein Tank et al., 2006). Rainfall trends
revealed a significant decrease in the southwest monsoon rainfall and an increase
in the post-monsoon season in India (Krishnakumar et al., 2009). The precipitation
decreased in the winter and post-monsoon seasons and raised in the monsoon and
pre-monsoon seasons in the China-Pakistan economic corridor over the period of
19802016 (Ullah et al., 2019). A downward trend of precipitation can be shown
in the West, Northwest, and Southwest, but an upward trend can be indicated in the
most stations of Iran during 1960-2001(Boroujerdy, 2008). Long-term rainfall
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prediction is very important to countries thriving on agro-based economy. In
Afghanistan, precipitation variation is poorly documented because of the
inadequate spatial and temporal data coverage. The annual precipitation has been
reduced in the North and West, while it raised at the rest of parts of Afghanistan
(Saboory and Tomer, 2019). The annual precipitation presented reduction trend in
the Kunduz River Basin on the northeastern part of Afghanistan during 1961 to
2010 (Hassanyar et al., 2018). Based on climate records and data available from
the neighboring countries, the average precipitation has declined by 0.5 mm or 2%
per decade since 1960 (dich et al., 2017). The aim of this research is to investigate
the precipitation series and their trends. Rainfall trend could be an evidence of
climate change. In this study, due to the importance of precipitation in terms of
agriculture, water resources, and energy production, time changes and the
existence of rainfall changes in Afghanistan are discussed.

2. Materials and methods
2.1. Study area

Afghanistan is a vast country with an area of 647,500 km? and an estimated
population 32.9 million people. Geographically it is located approximately
between the 29-38 °N latitudes and 61-74 °E longitudes in the central zone of
Asia, and a part of the country is located within the Hindu-Kush Himalayan region
Fig. 1). Afghanistan has a predominantly dry continental climate, and the quantity
and distribution of precipitation is key factor to recharge of water availability.
Three-quarter of precipitation is occurring as snow during winter, where altitudes
are more than 2500 m. The annual precipitation is less than 400 mm over the 75%
of the country and higher values occur above 1000 m on in the mountains of the
northwest. The temperature is approximately 33 °C in summer and 10 °C in winter,
but in cold areas temperature could fall below -20 °C (McSweeney et al., 2013).
Afghanistan’s climate is arid to semi-arid with major daytime and nighttime
temperature fluctuations. The annual precipitation ranges from less than 50
mm/year in the southwestern part of Afghanistan to 1000 mm/year in the
northeastern highland. The monthly precipitation changes between 20 to 80 mm in
winter and spring, and it is remarkably below 3 mm in summer, i.e., in the period
of June to October (Tiinnermeier et al., 2005).
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Fig. 1. Location of study area.

Daily precipitation data was obtained from the CPC-NOAA (Climate
Prediction Center - National Oceanic Atmospheric Administration) website:
https://psl.noaa.gov/data/gridded/data.cpc.global temp.html for the period of 1979—
2019. The CPC spatial resolution of daily precipitation is 0.5x0.5 degree. Daily
precipitation data were extracted for 33 provinces of Afghanistan covering the
whole of the study area, except for the Bamyan province. The capital of every
province chosen for the study, with specified latitudes, longitudes, and elevations
are shown in Table 1.

The study examined the trend in observation time series of precipitation. For
qualitative and quantitative analysis of data, the Run Test method was used, all
data was normal. The data were validated in order to estimate the robustness of the
results. Thus, reanalysis data were compared to observed data of some weather
stations of the same time. According to the normal distribution of rainfall, linear
regression could be used for the analysis of precipitation trend.
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Table I: Specific locations of the study area in Afghanistan

Provinces Study sites Latitude ("N)  Longitude (°E) Elevation (m.a.s.l.)
Balkh Balkh 36.75 66.89 348
Nangarhar Jalalabad 34.41 70.47 568
Helmand Lashkar-Gah 31.62 64.36 787
Kandahar Aino-Mainah 31.63 65.77 1025
Zabul Hazari 32.11 66.91 1579
Ghazni Naw Adad 33.58 68.40 2225
Nimroz Zaranj 30.96 61.87 489
Farah Arg-Farah 32.37 62.10 660
Herat Taraqi Park 34.34 62.21 933
Badghis Qala-e- Naw 34.97 63.13 956
Paktika Urgun 32.85 69.14 2321
Oruzgan Khas Oruzgan 32.92 66.69 2211
Faryab Afghan Kot 3591 64.78 882
Sar-e-Pole Sar-e-Pole 36.21 65.93 634
Jowzjan Sheberghan 36.66 65.75 362
Samangan Takht-Rostam 36.24 68.02 1027
Baghlan Pol-e-Khomri 35.94 68.70 649
Kunduz Kunduz 36.70 68.84 382
Takhar Taleqan 36.73 69.53 802
Badakhshan  Fyz-Abad 37.10 70.53 1183
Panjshir Bazark 35.31 69.51 1959
Kapisa Mahmude-Ragqi 35.01 69.34 1436
Parvan Charikar 35.02 69.16 1604
Kabul, Bagh-Bala 34.53 69.12 1848
Vardak Maidan-Shahr 34.38 68.85 2182
Daykundi Nili 33.73 66.14 2103
Ghowr Chegcharan 34.52 65.25 2265
Paktia Gardez 33.59 69.21 2308
Khost Khost 33.33 69.92 1174
Nuristan Parun 35.42 70.92 2758
Konar Asadabad 34.87 71.15 819
Laghman Mihtar-lam 34.66 70.21 758
Lowgar Pole-Alam 34.00 69.01 1912

One method of trend analysis of time series is using linear regression models.
In this model, the main assumption considers time series that contain a linear
regression. Although this assumption is not implemented completely, it provides
general overview of the time series. The linear regression is defined as follows:
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Zr,=a+bT+e,, (1)

where Zr is the climate variable, T is the time (7=1, 2, 3...... n), b is the slope
of line (change except of time), er is the error (residual or deviation) of the
estimation, and a and b is are the regression coefficients (Asakereh, 2009). This
study is used the method of least squares, the main objective of which is to fit a
curve through the time series, so that the sum of the least square errors is
minimum. The estimation of regression coefficient the method of least square is:

> q,-Txz,-2)

b: = n —
;Ti_T

; 2

a=7-bT

where Tand Z are the mean of time and the mean of the climate parameter,
respectively.

3. Discussion
3.1. Precipitation trend in the north

The analysis of rainfall data in the northern part of Afghanistan shows mostly
reduction in precipitation over the period of 1979 to 2019. Data reveal decreasing
precipitation trend in the northeastern provinces: data show a declining trend of
-1.14 mm/year and a minimum rainfall of 69 mm in Baghlan, -0.25 mm/year and
88 mm in Kunduz, -2.56 mm/year and 111mm in Takhtar, and -5.85 mm/year in
Badakhsan in 2000. Samangan and Faryab provinces shown a decrease in the
average of rainfall (-0.38 mm/year and -0.49 mm/year), the minimum rainfall was
64 mm in 2001 and 72 mm in 2014, respectively. Balkh, Sar-e-Pole, and Jowzjan
provinces represent a slight increase in precipitation with 0.63 mm/y, 0.75 mm/y,
and 0.93 mm/y, the minimum amount of precipitation was 51 mm, 54 mm and
55 mm in 2001, respectively. Overall, the reduction in the precipitation trend was
-9.2 mm per decade in the northern part of Afghanistan during study period.
Similarly, the result of study Salma et al. (2012) shows a decreasing rainfall trend
all over the Pakistan. The mean annual rainfall exhibits reduced trend in Russia,
some part of Japan, North China, most parts of Northeast India, Indonesia, and
Philippines (Solomon et al., 2007). Conversely, the study carried out in the arid
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Central Asia reveals an upward trend in precipitation during the past 80 years
(Chen et al., 2011). The extreme precipitation events observed in summer ranged
from 50 mm/day to 100 mm/day in North Xinjiang during 1951-2014 (Huang et
al., 2017). Comparing the results with those of other researchers in neighboring
countries such Iran and Pakistan, an absolute homogeneity assessment of
precipitation time series in the arid region of Pakistan found them doubtful for the
month of June at two stations (Kamal et al., 2018). Rainfall trend analysis of Iran
in the last half of the twentieth century was performed. This study shows that the
annual rainfall is decreasing at 67% of the stations, while the 24-hour maximum
rainfall is increasing at 50% of the stations (Figs. 2—7) (Modarres and Sarhadi,
2009).
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Fig. 2. Mean annual precipitation of Badakhshan province.
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Fig. 3. Mean annual precipitation of Samangan province.
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3.2. Changes in the precipitation in the west and south

This investigation has shown a decreasing trend in the precipitation in all western and
southern provinces of Afghanistan. In the southern provinces, a significant reduction
in precipitation has been observed in Helmand, Kandahar, Zabul, and Nimruz
provinces with the value of -3.24 mm/y, -3.27 mm/year, -1.09 mm/year, and
-0.35 mm/year, and the minimum precipitation was 4 mm, 28 mm, 54 mm, and 6 mm
in 2018 and 2001, respectively. Ghazni and Uruzgan provinces show a positive trend
of precipitation in the southern part of Afghanistan. The result is consistent with
findings of other researchers: Ahmad et al. (2015) highlighted negative and positive
trends of precipitation during 1961 to 2011 in the Swat River Basin, Pakistan. Rainfall
was increasing during summer while decreasing in winter over the period of 1945—
2004 in Faisalabad (Cheema et al., 2006). Studies examined the latitudinal
precipitation trend in Pakistan, which show raise in high latitudes and no noteworthy
trend in lower latitudes (Hanif et al., 2013; Ahmad et al., 2014). The Panjab has
experienced a significant increasing precipitation trend during 1961-2014 (Khattak
and Ali, 2015). The finding of Sheikh et al. (2015) indicates most extreme
precipitation raise in South Asia, consistent with the globally averaged result.
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Fig. 4. Mean annual precipitation of Zabul province.
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Fig. 5. Mean annual precipitation of Ghazni province.
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Data in Table 2 shows that the mean annul precipitation decreased over the
study period in the western part of Afghanistan. Data show a high declining trend
of -0.44 mm/year in Farah province in the West, -0.19 mm/year in Herat and
0.17 mm/year in Badghis province. Generally, the average decline of precipitation
is -2.44 mm/year per decade. The result of this study is in a good agreement with
the report of Modarres and Sarhadi (2009), which presents negative trend of
annual rainfall in the northern and northwestern parts of Iran in the last decades of
twentieth century. Nasri and Modarres (2009) carried out a study in the western
and eastern parts of Iran receiving similar results: negative trend of precipitation.
The finding of Raziei et al. (2005) indicated mostly downward trend of
precipitation in the arid and semi-arid regions of Iran (Modarres and da Silva,
2007; Tabari et al., 2012). A study conducted by Sadeghi and Hazbavi (2015) has
shown a small general reduction trend in the seasonal rainfall in Iran in the period
1970-1992.

Table 2. Changes in precipitation across Afghanistan over the period of 1979 to 2019

Mean change of

Location precipitation per year Pr.ecipitation
variation (mm)
(mm)

Balkh 0.63 25
Jalalabad 9.64 395
Lashkar-Gah -3.24 -133
Aino-Mainah -3.27 -134
Hazari -1.09 -44
Naw Adad 13.85 567
Zaranj -0.35 -14
Arg-Farah -0.44 -18
Taraqi Park -0.19 -8
Qala-e- Naw -0.17 -7
Urgun 15.44 663
Khas Oruzgan 2.85 116
Afghan Kot -0.49 -20
Sar-e-Pole 0.75 30
Sheberghan 0.93 38
Takht-Rostam -0.38 -16
Pol-e-Khomri -1.14 -47
Kunduz -0.25 -10
Taleqan -2.56 - 105
Fyz-Abad -5.85 - 240
Bazark -1.44 -59
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Table 2. Continued

Mean change of

Location precipitation per year Pr'ec%pitation
variation (mm)
(mm)

Mahmude-Raqi 3.71 152
Charikar 2.40 98
Bagh-Bala 9.21 378
Maidan-Shahr 9.21 378

Nili 2.73 112
Chegcharan 0.44 18
Gardez 15.83 649
Khost 19.66 806
Parun 1.34 55
Asadabad 6.14 252
Mihtar-lam 10.30 423
Pole-Alam 13.53 555

3.3. Precipitation trend in the central regions

The central part of Afghanistan is characterized by low and highly variable
precipitation due to the Himalayan mountain ranges. Farther south, monsoon
effects moderate the climate near the Pakistan border and increases the rainfall as
far inland as central part of Afghanistan. According to the 1979-2019 period, the
mean annual rainfall increased in six provinces in the central region except
Panjshir province, where it decreased by -1.44 mm/year. Fig. 2 shows the mean
annual precipitation trend of seven provinces in the central region indicating raise
of 37.5mm per decade in Kabul, while in Vardak the precipitation increased by
9.21 mm per year. In Growr, the precipitation regions: 0.44 mm/year. Eastern
regions include eight provinces, and the eastern highland is covering the smallest
area that is mainly covered by rangeland and largest existing forests. This regions
are directly influenced by the moist air masses of Indian monsoon getting trapped
at the high mountain slopes, which can lead to the increase of rain. Table 2 reveals
upward trend of precipitation in the eastern regions: Khost, Paktia, Paktika,
Lowgar, and Laghman show high rainfall rates 19.6 mm, 15.8 mm, 15.4 mm,
13.5 mm, and 10.3 mm per year, respectively.
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Fig. 7. Mean annual precipitation of Lowgar province.

The rest of provinces in the eastern area show lower rates of rainfall in the
study period. Overall, the mean precipitation trend increased by 114.5 mm per
decade. The result of this study is similar to the findings of Alexander et al. (2006)
showing significant increases of precipitation. The findings of Keggenhoff et al.
(2014) indicated that heavy and extremely heavy precipitation to total precipitation
have increased between 1971 to 2010 in Georgia. Studies carried out in Pakistan,
that have argued upward annual precipitation trend in the northern highland and
sub-Himalayan ranges (Igbal et al., 2019; Ahmed et al., 2017; Hussain and Lee,
2013). Recent study of Gajbhiye et al., (2016) further outlined a significant
increasing of precipitation in both seasonal and annual rainfall amounts during
1901 to 2002 in the Sindh River Basin, India. A research was conducted by Sen
Roy (2009), which investigated raising trends in extreme heavy precipitation in the
high elevation parts of India. Ont he contrary to this study, significant decreasing
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trends of precipitation, Martinez et al. (2012) revealing the precipitation has
negative trend in October and May in Florida. Other studies mostly observed
negative trend on monthly rainy days in Iran (Soltani et al., 2012; Rahimzadeh et
al., 2009). Also, the findings of studies mostly noticed decreasing trends in
precipitation over Iran (Some'e et al., 2012; Tabari and Talaee, 2011). A study
assessed by Zhai et al. (2005) revealed that the annual precipitation decreased over
the southern northeast parts of China, while a significant increase was detected in
western region.

4. Conclusion

This study identified the mean annual trend in precipitation of 33 provinces from
the 34 provinces of Afghanistan from 1979 to 2019. The center of each province
was selected as study site with specific latitudes, longitudes, and elevations. The
method used was the non-parametric linear regression trend in time series for
rainfall parameters. The trend of precipitation may be attributed to the regional
climate changes, local land use, and high emission of greenhouse gases from
various sources, i.e., population density, industry, infrastructure, building,
transport, agriculture, deforestation, and rearing livestock. The daily precipitation
data were extracted from the database of CPC-NOAA (Climate Prediction Center -
National Oceanic Atmospheric Administration), and they were analyzed by the
linear regression trend. The analysis of rainfall data shows a declining trend in the
northeastern provinces such as Baghlan, Kunduz, Takhar, and Badakhshan.
Samangan and Faryab indicated a negative trend of precipitation, while Balkh, Sar-
e-Pole, and Samangan were revealed with slight increase on precipitation trend in
the northern part of Afghanistan showing -9.2mm per decade generally. In the
south, a significant reduction was observed in the precipitation trend in Helmand,
Kandahar, and Nimruz provinces, but Ghazni and Uruzgan showed positive trend.
Table 2 revealed that the mean annual precipitation significantly decreased in the
western part of Afghanistan. Central parts of Afghanistan are characterized by low
and highly variable precipitation due to Himalayan mountain ranges. Farther south,
the monsoon effects moderate the climate near the Pakistan border and increases
rainfall as far inland as the central parts of Afghanistan. According to the 1979—
2019 period, the mean annual rainfall increase in six provinces in central region
except Panjshir province decrease -1.44 mm per year. Fig. 2 shows the mean
annual precipitation trend of seven provinces in the central region indicating raise
of 37.5mm per decade in Kabul, while in Vardak, while in the highest
precipitation increase was 9.21 mm per year. Eastern regions include eight
provinces, and the eastern highland is covering the smallest area, which is mainly
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covered by rangeland and the largest existing forests. This regions are directly
influenced by the moist air masses of Indian monsoon getting trapped at the high
mountain slopes, and it can lead to the increase of rain. Data reveals upward trend
of precipitation in the eastern regions, that Khost, Paktia, Paktika, Lowgar, and
Laghman showed high rainfall rate, and the rest of provinces in the eastern area
showed lower rate of rainfall in the study period.
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