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Abstract. Climate change is one of the most important environmental 

issues that occur human-induced with large-scale social, economic, and 

environmental impacts. Climate models, which have been widely 

performed in the last decades, allow a study of change in climate variables 

and their impact on the environment. The present study was conducted to 

study changes in temperature and precipitation between 2006-2041 in the 

southern part of Uzbekistan. The results showed that the average 

temperature decreased from 14.53 °C during 2006-2010 to 14.40 °C during 

2011-2015. Monthly average minimum temperature ranges (increases) 

from east to west in the region during all months of the year for both 

shared socio-economic pathways in 2021-2040. The minimum and 

maximum precipitation amount constituted 11.23 mm and 55.91 mm in the 

region, correspondingly within 2006-2010, whereas these amounts 

increased during the second period (2011-2015), 11.96 mm and 60.28 mm. 

Precipitation will not change sharply from SSP2.6 to SSP8.5 from 2021 to 

2040.  

1 Introduction 
Climate change is an important issue in the economic sectors of countries. Extreme weather 

conditions increase the risk of natural disasters and threaten food security. The 

consequences of climate change are global and unprecedented in scale. Suppose today's 

decisive action directed to impact climate change studies is not considered. In that case, the 

subsequent adaptation to climate change will require a lot of effort and expense.  

According to an IPCC special report on the impacts of global warming of 1.5 °C, global 

warming is likely to reach 1.5°C between 2030 and 2052 if it continues to increase at the 

current rate. Respectively, there is high confidence that risks linked with the climate will be 

higher than present. The magnitude and rate of warming, geographic location, levels of 

development and vulnerability, and the choices and implementation of adaptation and 

mitigation options play a major role in this case (high confidence) [1]. 

Climate change can affect food security in many ways. One of the direct impacts is the 

influence on crop yield [2–4]. Also impact of climate change on water availability [5–7] 
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and water quality, pests, and diseases [8,9]  are considered indirect impacts. Another way of 

influencing is changing biomass and nutrient quality by shifting the carbon dioxide level in 

the atmosphere [10]. 

Many studies applied various methods to analyze the impact of climate change on the 

main caloric intake crops of the body, wheat, rice, corn, and soybeans. By applying multi-

method analysis, different studies have revealed different results. Most of the results from 

different studies show that temperature harms crop yields on a global scale, which is 

generally supported by similar effects on a country and site scale [11–14]. 

According to the results of the analysis of multiple methods, if there is no carbon 

dioxide fertilization, effective adaptation, and genetic improvement, for every degree 

Celsius increase in the global average temperature, the global average wheat yield will be 

reduced by 6.0%, the average rice yield will decrease by 3.2%, and the average maize yield 

by 7.4% and average soybeans yield by 3.1% [4].

However, the results are quite different between crops and geographic regions. Local 

scale-based assessments are required to prevent future climate impacts on major world 

crops and ensure food security for the growing world population.

Conducted assessment by the World Bank shows that Uzbekistan is highly vulnerable to 

climate change impact, based on the integrated indicators [15]. According to the ranking of 

Uzbekistan's territory by the degree of vulnerability to climate change, Kashkadarya 

attributed the medium vulnerable territories to climate change.

In Uzbekistan, the average warming rate is 0.27⁰C over ten years. According to the 

statistical downscaling results (method of downscaling, which is based on the developed 

statistical relationship between the historically observed climate data and the output of the 

climate model for the same historical period) of global climate models, the growth of 

average annual air temperature by regions based on the GHGs emission scenarios will 

continue. The annual mean temperature may reach 1.3 to 2.1°C by 2030, 1.8 to 3.3°C by 

2050, and 2.0 to 5.4°C by 2085.

Analyses of variations in the total annual precipitation over the period 1950-2013 

indicate that, in most cases, decreasing in precipitation amount is observed in the southern 

plains of Uzbekistan (in Bukhara and Kashkadarya). Moreover, stronger trends towards a

decrease in the total annual precipitation amounts are possible in the southern part of the 

region (up to 18-22% by 2071-2090 for extreme GHGs emission scenarios). An increase in 

precipitation amount in winter and its decrease in the rest of the seasons are expected by all 

emission scenarios and time intervals (by 2090) for the northern part of Uzbekistan. 

Retention of the current rates of precipitation amount in winter and their decrease in the rest 

of the seasons are expected for the southern part of the republic [16]. 

Fig.1. Comparison of 20-year average sums of effective air temperature above 5oC for Southern 

meteorological stations of Uzbekistan (Karshi, Termez) with data scenario assessments for Tashkent 

meteorological station [16]. 
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Besides, that increasing temperature during the vegetation period causes agriculture by 

increasing effective air temperature. According to the UZHYDROMET, an increase in 

sums of effective air temperatures will be 1.5-2 times more in 2030 than now (Fig. 1). 

These changes require adaptation activities such as revision of current cropping patterns,

zoning new crop species and varieties to provide sustainable crop productivity in the area. 

All the above-mentioned bio-physical changes in the environment and the climate are 

often linked with anthropogenic influences' combined effects. To understand and analyze 

interactions between objects, scientists need useful tool as climate models. They effectively 

objectively simulate the interactions and feedback and explore their impacts on climate 

change.  

The Coupled Model Intercomparison Project (CMIP), organized under the World 

Climate Research Programme's (WCRP) Working Group on Coupled Modelling (WGCM), 

allows access to the output of the variable from several climate models. One of them has 

been created by the Beijing Climate Center (BCC) with the name of BCC-CSM2-MR for 

the scientific community to generate climate information and make it available for 

scientific research [17].

The latest update on expected future climate change is based on a new generation of 

climate models of CMIP6 constrain in SSP1-2.6, SSP2-4.5, SSP4-6.0, and SSP5-8.5 

scenarios. They allow for analyses of future mitigation, adaptation, and impacts that 

account for climate and societal change in a coherent fashion. 

In this study, historical and future climate monthly values of precipitation and monthly 

average, minimum and maximum temperature have been studied.  

The research objective of the paper is to study temporal and spatial change as well as a 

trend of change of climate variables in Kashkadarya province. 

This paper is structured as follows: Section 1 presents the results of analyzing monthly 

values of temperature and precipitation; section 2 describes the monthly average, minimum, 

and maximum temperature change during 2021-2040 in Kashkadarya; section 3 includes 

conclusions.   

2 Methods and Materials 

2.1 Study area 

The region's territory is mainly located in the Kashkadarya river basin (Fig. 2). The 

Zarafshan and Gissar ridges surround it in the northeast and southeast. There are hills 

between mountains and plains. Much of the plain consists of the Karshi Desert, bounded on 

the west by the Sandikli and Kyzylkum Deserts. 

Fig. 2. a) boundary map of Kashkadarya b) digital elevation model map of Kashkadarya [18]
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The climate is continental. Summers are long (155-160 days), hot and dry. The average 

temperature in January is from 0.2°С to 1.9°С, and in July, from 28°С to 29.5°С. The 

maximum temperature approximately constitutes 45°С. This explains the high degree of 

evapotranspiration. The lowest temperature is - 20°С. Annual precipitation is 290-300 mm 

in the plains, 520-550 mm in the hills, and 550-650 mm in the mountains. Rain falls mainly 

in spring and winter, and garmsel blows in summer.

The vegetation period in the plains lasts about 290-300 days. The main river is the 

Kashkadarya. Rivers are saturated with snow, rain, and glacial water. River water is mainly 

used for irrigation. 

2.2 Data collection 

The climate data (precipitation and temperature) has been obtained from CRU TSv.4.01 

(https://crudata.uea.ac.uk/cru/data/hrg/). This dataset spans from 1901.1-2016.12 and 

covers the globe; monthly data has a spatial resolution of 0.5° (about 55km). The monthly 

total precipitation and mean temperature dataset was extracted using a rectangular box 

including the study area within 2006-2010 and 2011-2015 time scales. Besides, the climate 

data was spatially downscaled from 55 km to 8 km using Delta downscaling framework 

[19].  

Another historical data for precipitation data is downscaled from CRU-TS-1.03 

generation by the Climatic Research Unit, University of East Anglia, using WorldClim 2.1 

for bias correction. The variable refers to the total monthly precipitation (mm) for each 

month for 10 years (2010-2018). The spatial resolution is 2.5 minutes (~21 km2) at the 

equator. 

The future precipitation, minimum and maximum temperature data have been projected 

in CMIP6. Precipitation data were downscaled and calibrated (bias correction) with 

WorldClim v2.1 as the baseline climate. Monthly precipitation values were processed for 

nine global climate models (GCMs): BCC-CSM2-MR, CNRM-CM6-1, CNRM-ESM2-1, 

CanESM5, GFDL-ESM4, IPSL-CM6A-LR, MIROC-ES2L, MIROC6, MRI-ESM2-0, and 

for four shared socio-economic pathways (SSPs): 126, 245, 370, and 585. This paper uses 

only the BCC-CSM2-MR global climate model, and SSP 2.6 and SSP 8.5 Shared Socio-

economic Pathways with a spatial resolution of 2.5 minutes during 2021-2040
1
.

2.3 Delta downscaling 

Downscaling gridded data gives the data fine-scale and often involves regression and Delta 

downscaling methods [20]. Using Delta downscaling method compared to common direct 

interpolation of low-resolution sources to higher spatial resolution, output data with high-

resolution orographic effects not presented in low-resolution input grids can be obtained 

[21]. The Delta downscaling process of input grid data is presented in [19]. This paper uses 

the delta downscaling method to make gridded data with 55km spatial resolution of CRU 

data to 8km resolution. 

2.4 Mann Kendall trend test 

The non-parametric Mann-Kendall method examines the monotonic trend in the climatic 

factors [22–26]. In this study, the Mann-Kendall trend test at the 95% confidence level is 

                                                           
1 https://worldclim.org/data/cmip6/cmip6_clim2.5m.html 

E3S Web of Conferences 365, 01005 (2023) https://doi.org/10.1051/e3sconf/202336501005
CONMECHYDRO - 2022

 

4



used to determine the trend of the climatic data (precipitation and temperature) at the 95% 

confidence level during 2006-2015.

3 Results and Discussion 

3.1 Temporal and spatial change in monthly average temperature and total 
precipitation 

The average monthly temperature decreased from the west to the East of Kashkadarya 

during both periods (2006-2010 and 2011-2015) (Fig.3). The minimum temperature 

decreased in the second period from -1.01 °C to -1.05 °C. In contrast, the maximum 

temperature increased from 17.48 °C to 17.64 °C in the second period (Fig.3). The average 

monthly average temperature decreased from 14.62 °C from 2006 to 2010 to 14.36 °C from 

2011 to 2015 (Table-1). The average monthly total precipitation increased from 253mm 

during 2006-2010 to 279mm during 2011-2015 (Table 1). 

Table 1. Changes in precipitation (mm) and temperature (°C) from 2006-2010 to 2011-2015 

Year Temperature (°C) Precipitation (mm)
2006-2010 14.62 353
2011-2015 14.36 379

Average monthly total precipitation ranges (increases) from west to east in Kashkadarya 

(Fig.4) in the first period (2006-2010). The minimum and maximum precipitation amount 

constituted 11.23 mm and 55.91 mm in the region, correspondingly within 2006-2010, 

whereas these amounts increased during the second period (2011-2015), 11.96 mm and 

60.28 mm, respectively (Fig.4).  

Total annual precipitation amount in the period of 2006-2015 in the region. During this 

period, 2010 and 2009 can be the year with the least (290 mm) and the most precipitation 

(477 mm) in Kashkadarya (Fig.5). The highest temperature was observed in 2010 

(15.08°C), while the lowest temperature (13.81°C) was in 2014 (Fig.5). 

Fig. 3. Geographic distribution of average monthly temperature in Kashkadarya during 2006-2010

and 2011-2015
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Fig. 4 Geographic distribution of average of total monthly precipitation (mm) in Kashkadarya during 

2006-2010 and 2011-2015

Fig. 5. Annual changes of precipitation (mm) and temperature (°C) during 2006-2015 

Trend analysis 
The Mann-Kendall trend analysis shows no significant trend in monthly average 

temperature (Z=0.22) and monthly total precipitation (Z=-0.26) in the period of 2006-2010 

(Table 2). The period of 2011-2015 also shows an insignificant trend in monthly average 

temperature (Z=0.34) and monthly total precipitation (Z=-0.18) (Table 2). 

Table 2. Mann-Kendall trend results of monthly climate variables 

MK results during

2006-2010

MK results during

2011-2015

Precipitation Temperature Precipitation Temperature

Z -0.26 0.22 -0.18 0.34

3.2 Projected climate variables during 2021-2040 

3.2.1 Projected average monthly maximum temperature during 2021-2040  

Projected monthly average maximum temperature increases in January, March, September, 

November, and December (Fig.7) while the variable decreases in February, April, May, 

June, July, August, and October for SSP8.5 case than SSP2.6 in Kashkadarya (Fig.5) and 

ranges (increases) from east to west (Fig.6).
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Fig. 6. Geographic distribution of the average of monthly maximum temperature (°C) for BCC-

CSM2-MR model for SSP2.6 and SSP8.5 in Kashkadarya during 2021 -2040 

 
Fig. 7. Future projected monthly average maximum temperature (°C) for SSP2.6 and SSP8.5 in 

Kashkadarya during 2021-2040 
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3.2.2 Projected average monthly minimum temperature during 2021-2040 

Fig. 8. Geographic distribution of the average of monthly average minimum temperature (°C) for 

BCC-CSM2-MR model for SSP2.6 and SSP8.5 in Kashkadarya during 2021 -2040 

Fig. 9. Future projected monthly average minimum temperature (°C) for SSP2.6 and SSP8.5 in 

Kashkadarya during 2021-2040 
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The projected monthly average minimum temperature increases during January, March, 

May, September, November, and December while it decreases during February, April, 

May, September, November, and December for the SSP8.5 case than SSP2.6 in 

Kashkadarya during 2021-2040 (Fig.9). Monthly average minimum temperature ranges 

(increases) from east to west in the region during all months of the year for both shared 

socio-economic pathways in the period of 2021-2040 (Fig.8). 

3.2.3 Projected monthly precipitation during 2021-2040 

Fig. 10. Geographic distribution of average of monthly precipitation (mm) for BCC-CSM2-MR 

model for SSP2.6 and SSP8.5 in Kashkadarya during  2021 -2040

Precipitation decreases in January, March, and November from SSP2.6 to SSP8.5 in 

Kashkadarya while increases in February, April, May, June, and December (Table 3, 

Fig.12). In July, August, September, October, precipitation remains in SSP8.5 as in the 

SSP2.6 in the area (Fig.12). The increasing trend can be observed from west to east of the 

region during all months of the years for both socio-economic pathways (Fig.10). 

Fig.12 presents the spatial distribution of the average monthly precipitation (mm) in 

Kashkadarya during 2021-2040 for SSP2.6 and SSP8.5. It can be concluded that based on 

these figures, precipitation will not change sharply from SSP2.6 to SSP8.5. 

Temperature and precipitation are two major factors that affect global climate change. 

Several studies distinguish, assess, and predict the change in these two variables for the 

future [16, 27–29].
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Fig. 11 Future projected monthly precipitation (mm) for SSP2.6 and SSP8.5 in Kashkadarya during 
2021-2040  

Fig. 12. Geographic distribution of the average of monthly precipitation (mm) in Kashkadarya during 

2021-2040 (BCC-CSM2-MR model for SSP2.6 and SSP8.5) 

According to Erdanaev [27], some scientists believe that changes in temperature and 

precipitation due to increased carbon dioxide may benefit crops. However, these changes 

may bring about land degradation in grassland and pasturelands.  

According to the results of the survey which were taken in the southern part of 

Uzbekistan show that most of the local population directly experiences and suffers from the 

negative effects of climate change, such as increased water shortages and many agricultural 

pests and diseases, a decrease in income due to the increase in the number of insect pests as 

well decrease in crop yield and quality. 
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4 Conclusions 
This study explored the changes in precipitation, Tavg,  Tmax, and Tmin region between 2006-

2015 and future projected changes between 2021-2040 over the Kashkadarya. The major 

conclusions can be summarized as follows: 

1. The study shows that the average temperature decreased from 14.53 °C to 14.40 °C 

between 2006-2010 and 2011-2015.  

2. Monthly average maximum temperature increases in January, March, September, 

November, and December from east to west. The variable decreases in February, April, 

May, June, July, August, and October for SSP8.5 cases than SSP2.6 during 2021-2040. 

3. Monthly average minimum temperature increases during January, March, May, 

September, November, and December while it decreases during February, April, June, 

July, August, and October for the SSP8.5 case than SSP2.6 during 2021-2040.

4. Monthly average minimum temperature ranges (increases) from east to west in the 

region during all months of the year for both shared socio-economic pathways in 2021-

2040.   

5. The minimum and maximum precipitation amount constituted 11.23 mm and 55.91 

mm in the region, correspondingly within 2006-2010, whereas these amounts increased 

during the second period (2011-2015), 11.96 mm and 60.28 mm. 

6. Precipitation will not change sharply from SSP2.6 to SSP8.5. 
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