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Abstract

Precipitation and temperature are critical indicators for assessing the effects of climate change.
Climate change, through alterations in precipitation and temperature patterns, significantly
impacts the water cycle and hydrological characteristics of watersheds. In this study, the effects
of climate change on temperature and precipitation in the Kardeh Dam Basin were investigated
using the CMIP6 series model under three scenarios: optimistic SSP126, intermediate SSP245,
and pessimistic SSP585. The study covers the future period from 2021 to 2035, compared to the
base period from 1992 to 2014, with downscaling performed using the SDSM model. The results

from the SDSM maodel indicate that, in the future, the greatest increase in precipitation will occur
in March during the winter season across all scenarios, while the lowest precipitation will be
observed in June, July, August, and September during the spring and summer seasons. Regarding
temperature, the highest increase in minimum temperature at the Kardeh Dam and Marshak
stations will occur in January during the winter season, while the highest increase in maximum
temperature will be observed in July during the summer season. Additionally, the results of the

Mann-Kendall test showed that, in the studied scenarios, the values for precipitation, as well as
minimum and maximum temperatures, either showed no trend or exhibited fluctuations. The only
exceptions were the precipitation values at the Ghosh Bala station in the SSP126 scenario, which
exhibited a significant negative trend, and the maximum temperature values at the Kardeh Dam
station in the SSP585 scenario, which showed a significant positive trend. Overall, in all scenarios,
temperatures are expected to rise in the future period compared to the base period, while

precipitation will either increase or decrease depending on the specific month, season, and the
mountainous nature of the Kardeh Dam Basin.

Keywords: Climate variability; CMIP6; Emission scenario; Mann-Kendall test

How to cite this article

Akbari, M., malekinezhad, H. and hajibigloo, M. (2025). Investigating Climate Change and Future
Precipitation and Temperature Trend in the Kardeh Dam Basin. Desert Management, 12(4), 87-106. DOI:
10.22034/JDMAL.2025.2048201.1493

This work is licensed under a Creative Commons Attribution 4.0 International License.



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22034/jdmal.2025.2045459.1490
https://doi.org/10.22034/jdmal.2025.2045459.1490
https://doi.org/10.22034/jdmal.2025.2045459.1490
https://doi.org/10.22034/jdmal.2025.2045459.1490
https://doi.org/10.22034/jdmal.2025.2045459.1490
https://doi.org/10.22034/jdmal.2025.2045459.1490
https://doi.org/10.22034/jdmal.2025.2048201.1493
https://doi.org/10.22034/jdmal.2025.2048201.1493

88 Journal of Desert Management, Vol. 12, No. 4, Winter 2025, pp 87-106

Extended Abstract

Introduction

Precipitation and temperature are the most important physical variables in climate (20, 24) that determine the
climatic conditions of a region. Climate change, by altering precipitation and temperature patterns, has significant
effects on the water cycle and hydrological characteristics of watersheds, potentially posing a major threat to
global water resources. It can also impact water supply, increasing the risks of droughts and floods (18, 19, 20).
General Circulation Models (GCMs) are mathematical models that simulate the Earth's climate system. They
show that increasing greenhouse gas concentrations will have substantial consequences for climate at both global
and regional scales (21). The Coupled Model Intercomparison Project (CMIP6), a major initiative within global
climate change studies conducted by the IPCC, aims to provide valuable information to policymakers and
researchers. Initiated in 2014, CMIP6 was designed to address gaps left by CMIP5 and tackle emerging
challenges in climate modeling (4). Unlike previous models, CMIP6 integrates Shared Socioeconomic Pathways
(SSPs) to account for social, economic, and technological factors that can influence emissions, thereby offering
a more accurate understanding of future climate scenarios. A climate scenario is a simplified representation of
future climate based on known climate relationships, designed to explore the potential consequences of human-
induced climate change (25). Since the outputs from general circulation models are on a global scale, they cannot
directly be applied to local or regional studies. To address this, statistical downscaling techniques are used to
translate the large-scale data from CMIP6 models into region-specific temperature and precipitation projections,
employing models like SDSM. Given that studies on future changes in precipitation and temperature patterns in
the Kardeh Dam Basin using the latest climate models from the IPCC have not been conducted, this research can
offer valuable insights. By predicting future trends in temperature and precipitation, it will assist in water
resources management and support farmers in optimizing cultivation patterns. Informed decisions based on these
predictions can help mitigate the risks of climate-related losses, allowing for sustainable agricultural practices
that align with regional climate conditions.

Material and Methods

The Kardeh Dam basin, with an area of approximately 550 square kilometers, is located in northeastern Iran,
spanning the longitude range of 59°10' to 59°40' East and the latitude range of 36°35' to 36°59' North (Fig. 1).
The basin hosts four rain gauge stations: Al, Balqur, Gosh Bala, and Jong, as well as two evaporation
measurement stations: Kardeh Dam and Marshak. For this study, precipitation and temperature data from these
stations over a common statistical period from 1992 to 2020 were utilized to analyze climate change and future
trends (Table 1). The study used the CMIP6 Global Climate Model to statistically downscale precipitation and
temperature data using the Statistical Downscaling Model (SDSM). Initially, the observed data from the base
period were entered as dependent variables, while NCEP data were used as independent variables in the SDSM
model. After data quality control during the screening stage, the 26 NCEP predictor variables (Table 2) were
assessed for their correlation with meteorological parameters. The variables with the highest correlations were
selected and included in the regression equation for the SDSM model. Following predictor selection, calibration
and validation of the observed data and NCEP predictor data were carried out. After evaluating model accuracy
for the base period (1992-2014), climate parameters of temperature and precipitation were projected for the
future period of 2021-2035 under three scenarios: optimistic SSP126, intermediate SSP245, and pessimistic
SSP585, based on the CMIP6 model outputs. The Mann-Kendall test was employed to detect fluctuations and
trends in the time series data of precipitation, rainy days, and maximum and minimum temperatures.

Results

After preparing the data, among the 26 predictor variables, the "prcp” (precipitation) and "temp" (temperature)
variables showed a higher correlation with the climatic variables of temperature and precipitation (Table 3). After
selecting the best predictors, the observed and simulated data for the base period were compared, and the results
are presented in Fig. 2 and 3. The model performance evaluation results are summarized in Table 4. The results
from implementing the SDSM model indicate that, in the future years, the highest increase in precipitation across
the studied scenarios is expected in March, during the winter season, while the lowest precipitation will occur in
the months of June, July, August, and September, during the spring and summer seasons. Additionally, the
highest increase in minimum temperature at Kardeh Dam and Marshak stations will occur in January during the
winter season, while the greatest increase in maximum temperature is expected in July during the summer season
(Fig. 4 and 5, and Table 5). The Mann-Kendall test results also revealed that, in the studied scenarios, the values
of precipitation, minimum and maximum temperatures are either trendless or exhibit fluctuations. However, with
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the exception of the precipitation data from the Ghosh Bala station in the SSP126 scenario, which shows a
significant negative trend, and the maximum temperature data from the Kardeh Dam station in the SSP585
scenario, which demonstrates a significant positive trend (Table 6).

Discussion and Conclusion

In the current study, the trends and magnitude of changes in temperature and precipitation data for the Kardeh
Dam basin during the future period (2021-2035) were compared to the base period (1992-2014). According to
the results of the SDSM maodel, future projections indicate that the highest precipitation will occur during the
winter season, while the lowest precipitation will be observed in the spring and summer seasons. The highest
temperatures are also expected in the summer season. Given that the Kardeh Basin is located in a cold,
mountainous region with surrounding foothills, winter precipitation often occurs as snow and cold weather in the
highlands. As a result, the basin is expected to experience cold winters and hot summers. The temperature
increase is particularly notable in rocky areas. Based on the Mann-Kendall test results, the precipitation data from
the Gosh Bala station under the optimistic SSP126 scenario exhibited a significant negative trend at the 5%
significance level. Additionally, the maximum temperature data from the Kardeh Dam station under the
pessimistic SSP585 scenario demonstrated a significant positive trend at the 1% level. One of the primary factors
contributing to the temperature increase is the rise in greenhouse gas emissions driven by population growth and
industrial development. This increase in temperature, caused by the elevated concentration of greenhouse gases,
supports the notion of global warming resulting from human activities. Furthermore, since the Kardeh Dam
evaporation station is situated near the dam site, the water level in the reservoir behind the dam may also influence
the local temperature. This could potentially lead to higher temperatures in the summer and lower temperatures
in the winter.

Keywords: Climate variability; CMIP6; Emission scenario; Mann-Kendall test
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Fig 1. Location of the Kardeh Dam basin and meteorological stations in Razavi Khorasan Province, Iran
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Fig 2. Comparison of total observed and simulated precipitation data for the base period at rain gauge stations.
(a) Al station, (b) Balqur station, (c) Goosh Bala station, (d) Jong station
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Fig 3. Comparison of average minimum and maximum observed and simulated temperatures for the base period
at evaporometry stations. (a, a1) Kardeh Dam station, (b, b1) Marshak station
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Fig 4. Precipitation changes at rain gauge stations during the future period compared to the base period under
different scenarios. (a) Al station, (b) Balqur station, (¢) Goosh Bala station, (d) Jong station.
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Fig 5. Changes in minimum and maximum temperatures at evaporometer stations during the future period
compared to the base period under different scenarios. (a, a1) Kardeh Dam station, (b, b1) Marshak station

Table 1. Characteristics of the studied stations in the Kardeh dam basin

Station name Longitude (m) Latitude (m) Altitude (m) Station type
Al 738162 4066787 1452
Balqur 731876 4080380 1920 Rain gauge
Gosh Bala 728919 4066633 1561
Jong 731133 4073498 1673
Kardeh Dam 740695 4056093 1265
Evaporometry
Marshak 727059 4077157 1818
Table 2. List of NCEP variables
Row Variable Row Variable
1 Mean sea level pressure (mslp) 14 500 hPa Divergence of true wind (p5zh)
2 1000 hPa Wind speed (p1-f) 15 850 hPa Wind Speed (p8-f)
3 1000 hPa Zonal wind component (p1-u) 16 850 hPa Zonal wind component (p8-u)
4 1000 hPa Meridional wind component (p1-v) 17 850 hPa Meridional wind component (p8-v)
5 1000 hPa Relative vorticity of true wind (p1-z) 18 850 hPa Relative vorticity of true wind (p8-z)
6 1000 hPa Wind direction (p1th) 19 850 hPa Geopotential (p850)
7 1000 hPa Divergence of true wind (p1zh) 20 850 hPa Wind direction (p8th)
8 500 hPa Wind speed (p5-f) 21 850 hPa Divergence of true wind (p8zh)
9 500 hPa Zonal wind component (p5-u) 22 Total precipitation (prcp)
10 500 hPa Meridional wind component (p5-v) 23 500 hPa Specific humidity (s500)
11 500 hPa Relative vorticity of true wind (p5-z) 24 850 hPa Specific humidity (s8500)
12 500 hPa Geopotential (p500) 25 1000 hPa Specific humidity (shum)
13 500 hPa Wind direction (p5th) 26 Air temperature at 2m (temp)
Table 3. Predictor variables in the SDSM model
Correlation Coefficient Predictor Variable Predicted Variable Station
Al prcp 0.22
Balqur L prcp 0.16
Gosh Bala Precipitation prcp 0.22
Jong prep 0.19
Minimum Temperature temp 0.95
Kardeh Dam .
Maximum Temperature temp 0.94
Marshak Mini_mum Temperature temp 0.95
Maximum Temperature temp 0.95




92 Journal of Desert Management, Vol. 12, No. 4, Winter 2025, pp 87-106

Table 4. SDSM model evaluation criteria

Station Parameter R RMSE MSE

Al 23.87 4.89 0.98
Balqur Precipitation 8.16 2.86 0.99
Gosh Bala 4.90 2.21 1.00
Jong 3.72 1.93 1.00
Minimum Temperature 0.001 0.036 1.00

Kardeh Dam Q"ean’q‘g:;n re 0.004 0.064 1.00
Minimum Temperature 0.010 0.102 1.00

Marshak Q"em”;énre 0.001 0.025 1.00

Table 5. Comparison of changes in average precipitation, maximum, and minimum temperatures between the
base period and the future period

. 2021-2035
Station Parameter 1992-2014 SSP126 SSP245 SSP585

Al 31.07 37.55 33.56 35.36
Balqur L 31.76 33.21 35.16 35.17
Gosh Bala Precipitation (mm) 34.01 37.93 37.28 37.40
Jong 32.79 37.25 34.61 35.61
Kardeh Dam Minimum Temperature (°c) 5.23 5.93 5.91 5.77

Maximum Temperature (°c) 19.81 20.79 20.81 20.91
Marshak Minimum Temperature (°c) 4.95 4.86 4.87 4.77

Maximum Temperature (°c) 16.42 17.06 17.05 17.01

Table 6. Z-statistic values from the Mann-Kendall test for trend analysis of annual climate data in the base and future periods.

. 2021-2035
Station Parameter 1992-2014 SSP126 SSP245 SSP585

Al -2.11* 0 0.2 -0.59
Balqur Precioitati -2.96** -0.79 0.59 -1.39
Gosh Bala recipitation -1.95 -1.98* 0.59- 0.1
Jong -0.58 0.4 -0.99 -0.69
Kardeh Dam Minimum Temperature -2.48* -0.1 -0.4 0.89

Maximum Temperature 1.74 0.69 1.37 2.87**
Marshak Minimum Temperature 2.48* -0.59 0.4 0.4

Maximum Temperature 3.06** 0.2 0 0

*and** significance level of 5% and 1% respectively.
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