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Introduction

The 21st century is witnessing the increase of climate change as an important challenge due to its destructive
environmental and socio-economic effects. Extreme climatic conditions have become frequent and more intense
in recent decades as a result of human activities. Iran, as one of the countries in the Middle East with a different
climate in each region of the country, has suffered significant adverse effects of climate change. Considering the
importance of the climate change, it is important to investigate the changes in climate variables to know the
future conditions and make management decisions. In the field of climate research, global climate models are
useful tools that are often used to investigate the global climate system, including historical and projected
periods. Since the use of the CMIP6 dataset provides improved clarity and accuracy for predicting future climate
forecasts, the main objective of the present study is to predict the temperature and precipitation changes in the
near, mid, and far future in Sistan-va-Baluchestan province.

Materials and Methods

The minimum temperature, maximum temperature, and precipitation data of 10 general circulation models
(GCMs) of the 6th IPCC report for the baseline (1990-2014) were downloaded from the Global Climate
Research Program database (https://esgf-node.lInl.gov). Then GCMs were including ACCESS-CM2, CMCC-
ESM2, CNRM-CM6-1-HR, CNRM-ESM2-1, EC-Earth3-CC, EC-Earth3-Veg-LR, INM-CM4-8, INM-CM5-0,
MIROCS, and NorESM2-MM. Four statistical indicators including correlation coefficient (R%), RMSE, Nash-
Sutcliffe efficiency (NSE), and mean absolute error (MAE) were used to evaluate the performance of 10 GCMs.
Based on the results obtained from the these indicators, the models that had higher performance in predicting the
temperature and precipitation data were selected as the best models for forecasting in the future. The ensemble of
these models under two SSP2-4.5 and SSP5-8.5 scenarios for the near, middle, and far future (2026-2050, 2051-
2075, and 2076-2100) were extracted from the World Climate Research Program database.

CMhyd (Climate Model data for hydrologic modeling) tool was used to bias correction climate data of the
selected models. In order to choose the best bias correction method, the R?, RMSE, NSE, and MAE were
estimated.

After bias correction, the climate data of selected models were ensembled and then the changes in
precipitation and maximum and minimum temperature in three future periods compared to the baseline was
estimated.
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Results and Discussion

The results showed that out of 10 GCMs, seven models had good performance (R? > 0.40, 4.23 < RMSE <
12.02°C, 0.12 < NSE < 0.74, and 3.36 < MAE < 9.59°C) in simulating daily minimum and maximum
temperature. However, the performance of all models in simulated daily precipitation was poor (R? > 0.19, 1.24
<RMSE < 3.70 mm, -7.41 < NSE < -0.57, and 0.23 < MAE < 0.85 mm).

Among the different bias correction methods of temperature and precipitation available in CMhyd, the
distribution mapping method had the best performance.

In all three regions, compared to the baseline, the average annual minimum and maximum temperature under
two scenarios will increase in the future periods and precipitation will decrease in most periods and scenarios.
These changes will be mainly in the SSP5-8.5 scenario compared to SSP2-4.5 and also in the far future period
compared to the middle and near future. Averaged across all locations, annual maximum temperature showed
increases in near, middle, and far projected periods of 1.3, 2.1, and 2.8°C under SSP2-4.5 and 1.6, 3.1, and 5.1°C
under SSP5-8.5, respectively (Fig. 2), while for minimum temperature, the increases will be of 1.6, 2.6, and
3.4°C for SSP2-4.5 and 1.9, 3.9, and 6.3°C for SSP5-8.5. The range of annual precipitation among all sites was
from —58.22 to 49.33% under SSP5-8.5 in the near and far future periods in Zabol and Iranshahr, respectively.

The annual increase in the average maximum and minimum temperature will be mainly due to the increase in
air temperature in the months of January, February, August, September, October, November and December. The
annual decrease in precipitation will mainly result from the decrease in precipitation in January, February,
March, November, and December, and the annual increase in precipitation will result from the significant
increase in precipitation in May and October compared to the baseline.

Conclusion

The results showed that under different scenarios of climate change, the maximum and minimum
temperatures in the near, middle, and far future periods will face an increase compared to the baseline. However,
the precipitation changes in the future time periods are not the same as compared to the baseline, and in some
periods the precipitation will decrease and in others it will increase. But in general, the decrease in precipitation
will be more than its increase. Therefore, it is very important to formulate and implement appropriate
management programs for the needs of each region, in order to properly manage water resources and adapt to
extreme temperatures and their consequences.
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Figure 1- Geographical location of the study area and stations
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1- Linear scaling

2- Delta-change correction

3- Precipitation local intensity scaling
4- Power transformation of precipitation
5- Distribution mapping of precipitation
6- Variance scaling of temperature

7- Distribution mapping of temperature
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Table 3- Indicators of statistical performance in evaluating maximum and minimum temperature data from climate models

RESW Joe PSlas glod Jilos glod
Tmax Tmin

Station Model R? RMSE (C) NSE MAE (°C) R? RMSE ('C) NSE MAE (°C)
gra-ipe) ACCESS-CM2 0.52 6.09 0.48 4.84 0.58 5.43 0.56 4.46
Iranshahr CMCC-ESM2 0.63 5.36 0.63 4,12 0.75 4.23 0.73 3.36
CNRM-CM6-1-HR  0.01 8.80 -0.01 7.35 0.16 7.72 0.06 8.71
CNRM-ESM2-1 0.46 6.06 0.14 5.66 0.46 7.22 0.27 6.20
EC-Earth3-CC 0.62 5.45 0.60 411 0.41 591 0.12 6.78
EC-Earth3-Veg-LR  0.42 6.24 0.31 4.91 0.44 6.99 0.14 7.91
INM-CM4-8 0.68 4.94 0.63 3.87 0.48 7.13 0.18 7.98
INM-CM5-0 0.71 4.70 0.70 3.71 0.50 6.82 0.15 7.74
MIROC6 -0.75 11.63 -0.73 9.80 0.70 4.61 0.67 3.74
NorESM2-MM 0.58 5.69 0.56 4.70 0.69 4.67 0.63 3.78
Jls ACCESS-CM2 0.59 6.62 0.53 5.14 0.75 4,97 0.73 3.93
Zabol CMCC-ESM2 0.68 5.85 0.62 4.56 0.78 4.63 0.46 3.68
CNRM-CM6-1-HR  0.54 6.94 0.54 5.36 0.72 5.19 0.70 4.12
CNRM-ESM2-1 0.62 6.33 0.61 4.92 0.74 5.08 0.73 4.00
EC-Earth3-CC 0.65 6.08 0.63 4.77 0.73 5.13 0.74 4.03
EC-Earth3-Veg-LR  0.61 6.60 0.59 4.73 0.47 12.02 0.49 9.59
INM-CM4-8 0.68 5.79 0.63 4,54 0.49 9.76 0.46 8.54
INM-CM5-0 0.71 5.54 0.70 4.37 0.42 9.33 0.41 8.10
MIROC6 0.04 10.10 0.04 8.41 0.61 6.16 0.60 5.04
NorESM2-MM 0.66 6.03 0.64 4,77 0.76 4.84 0.73 3.84
Ohal; ACCESS-CM2 0.55 5.81 0.52 4.60 0.48 6.91 0.38 5.73
Zahedan CMCC-ESM2 0.45 6.42 0.43 5.33 0.45 8.77 0.15 7.62
CNRM-CM6-1-HR  0.42 6.62 0.41 5.11 0.40 6.33 0.32 5.17
CNRM-ESM2-1 0.48 6.24 0.47 4.81 0.49 6.36 0.37 5.18
EC-Earth3-CC 0.58 5.63 0.56 4.31 0.43 6.14 0.41 4.87
EC-Earth3-Veg-LR  0.58 5.65 0.59 4.47 0.44 6.08 0.40 4.87
INM-CM4-8 0.50 6.14 0.47 5.05 0.43 6.17 0.43 5.00
INM-CM5-0 0.53 5.95 0.52 4.88 0.44 6.10 0.45 4.95
MIROC6 -1.38 13.39 -1.42 11.45 -0.58 10.26 -0.58 8.82
NorESM2-MM 0.61 5.40 0.62 4.23 0.48 6.43 0.39 5.32

R?, RMSE, NSE, and MAE are correlation coefficient, root mean square error, Nash-Sutcliffe efficiency, and

mean absolute error, respectively.
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Table 4- Indicators of statistical performance in evaluating precipitation data from climate models

2 K|

Jw

- R?> RMSE (mm) NSE MAE (mm)

Station Model

| ACCESS-CM2 0.19 2.28 -1.15 0.38

Iranshahr CMCC-ESM2 0.14 2.09 -0.78 0.46

CNRM-CM6-1-HR  0.05 3.70 -4.72 0.71

CNRM-ESM2-1  0.06 3.34 -3.64 0.64

EC-Earth3-CC 0.13 2.14 -0.91 0.37

EC-Earth3-Veg-LR  0.16 2.06 -0.78 0.42

INM-CM4-8 0.17 2.00 -0.66 0.64

INM-CM5-0 0.15 2.03 -0.71 0.65

MIROC6 0.05 3.49 -4.08 0.85

NorESM2-MM 0.09 2.35 -1.31 0.47

S ACCESS-CM2 0.19 1.39 -0.57 0.27

Zabol CMCC-ESM2 0.10 1.63 -1.14 0.37

CNRM-CM6-1-HR  0.06 1.91 -3.38 0.38

CNRM-ESM2-1  0.07 1.60 -2.07 0.30

EC-Earth3-CC 0.11 1.30 -1.01 0.23

EC-Earth3-Veg-LR  0.08 1.45 -1.50 0.25

INM-CM4-8 0.12 1.58 -1.02 0.54

INM-CM5-0 0.08 1.78 -1.56 0.43

MIROC6 0.05 2.65 -7.41 0.67

NorESM2-MM 0.12 1.60 -2.07 0.35

ol ACCESS-CM2 0.14 1.24 -0.86 0.24

Zahedan CMCC-ESM2 0.08 1.44 -1.50 0.31

CNRM-CM6-1-HR  0.03 3.05 -6.52 0.66

CNRM-ESM2-1  0.05 2.65 -4.67 0.56

EC-Earth3-CC 0.09 1.66 -1.22 0.36

EC-Earth3-Veg-LR  0.16 1.49 -0.80 0.33

INM-CM4-8 0.10 1.30 -1.04 0.33

INM-CM5-0 0.08 1.49 -1.67 0.40

MIROC6 0.02 2.45 -3.84 0.65

NorESM2-MM 0.13 1.55 -0.95 0.35

il 3l gl Sbe 5 SOl 25 S s e (Sile jedone o cups S5k w4 MAE 3 NSE RMSE (R
R?, RMSE, NSE, and MAE are correlation coefficient, root mean square error, Nash-Sutcliffe efficiency, and
mean absolute error, respectively.
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Table 5- Indicators of statistical performance for bias-corrected maximum and minimum temperature data using the

distribution mapping of temperature

8w Jxe Tmax yxSlas sled Tmin J3las slod
Station Model R’ RMSE (‘C) NSE MAE (°O) R’ RMSE (‘C) NSE MAE (°O)
ey ACCESS-CM2 0.84 3.84 0.83 293 0.79 3.81 0.72 2.98
Iranshahr CMCC-ESM2 0.82 3.88 0.8 2.93 0.78 3.95 0.64 3.05
EC-Earth3-CC 0.81 3.83 0.78 291 0.8 3.77 0.79 29
EC-Earth3-Veg-LR  0.83 3.87 0.81 2.98 0.79 3.85 0.76 301
INM-CM4-8 0.8 3.96 0.79 3.00 0.78 3.97 071 3.05
INM-CM5-0 0.8 3.94 0.81 3.05 0.79 3.89 0.73 2.99
NorESM2-MM 0.75 4.37 0.75 3.34 0.73 4.36 0.75 3.42
BY ACCESS-CM2 0.68 4.95 0.68 3.79 0.79 3.55 0.81 2,57
Zabol CMCC-ESM2 0.82 4.92 0.68 3.8 0.78 4.6 0.76 361
EC-Earth3-CC 0.7 4.33 0.95 3.69 0.79 4.49 0.78 353
EC-Earth3-Veg-LR  0.77 4.85 0.69 3.74 0.8 4.45 0.81 3.49
INM-CM4-8 0.8 5.02 0.67 3.83 0.78 4.66 0.77 3.62
INM-CM5-0 0.82 4.95 0.68 3.83 0.78 461 0.61 3.62
NorESM2-MM 0.73 5.28 0.63 4.06 0.74 5.01 0.63 3.95
ol ACCESS-CM2 0.71 5.56 0.67 4.32 0.51 571 0.5 4.43
Zahedan CMCC-ESM2 0.71 5.53 0.7 431 0.49 5.79 0.43 4.49
EC-Earth3-CC 0.73 5.38 0.72 4.00 0.53 5.59 0.52 4.43
EC-Earth3-Veg-LR  0.72 5.43 0.69 4.24 0.51 573 0.48 4.42
INM-CM4-8 0.69 5.68 0.70 441 0.48 5.89 0.44 4.53
INM-CM5-0 0.68 5.77 0.67 4.49 0.51 572 0.39 4.38
NorESM2-MM 0.65 6.10 0.63 4.04 0.43 6.11 0.71 4.78

sl e llae glad 5uSils 5 SOl 35 bl dbad e 1Sk y9dons s o Sk wud 54 MAE s NSE RMSE (R
R?, RMSE, NSE, and MAE are correlation coefficient, root mean square error, Nash-Sutcliffe efficiency, and

mean absolute error, respectively.
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Table 6- Indicators of statistical performance for bias-corrected precipitation data using the

distribution mapping of precipitation

ol | Jse

R?> RMSE (mm) NSE MAE (mm)

Station Model
el ACCESS-CM2 0.58 1.04 0.62 0.26
Iranshahr CMCC-ESM2 0.53 1.24 0.48 0.34
EC-Earth3-CC 0.62 1.69 0.61 0.25
EC-Earth3-Veg-LR  0.66 1.88 0.63 0.31
INM-CM4-8 0.66 1.21 0.69 0.5
INM-CM5-0 0.35 1.50 0.34 0.46
NorESM2-MM 0.52 1.46 0.50 0.39
s ACCESS-CM2 0.49 1.03 0.43 0.15
Zabol CMCC-ESM2 0.44 1.21 0.29 0.27
EC-Earth3-CC 0.44 1.02 0.21 0.16
EC-Earth3-Veg-LR  0.69 1.23 0.55 0.18
INM-CM4-8 0.46 13 0.42 0.21
INM-CM5-0 0.47 1.11 0.4 0.35
NorESM2-MM 0.76 1.31 0.37 0.19
ol ACCESS-CM2 0.54 1.13 0.27 0.18
Zahedan CMCC-ESM2 0.51 1.2 0.23 0.29
EC-Earth3-CC 0.46 1.21 0.34 0.24
EC-Earth3-Veg-LR  0.63 1.14 0.6 0.21
INM-CM4-8 0.43 1.11 0.38 0.43
INM-CM5-0 0.54 1.03 0.31 0.51
NorESM2-MM 0.43 1.24 0.42 0.22

R?, RMSE, NSE, and MAE are correlation coefficient, root mean square error, Nash-Sutcliffe efficiency, and
mean absolute error, respectively.
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Figure 2- Projected changes of monthly and annual maximum temperature in the 2026-2050, 2051-2075, and 2076-2100
relative to the baseline period (1990-2014) under SSP2-4.5 and SSP5-8.5 emission scenarios
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Figure 3- Projected changes of monthly and annual minimum temperature in the 2026—-2050, 2051-2075, and 2076-2100
relative to the baseline period (1990-2014) under SSP2-4.5 and SSP5-8.5 emission scenarios
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Figure 4- Projected changes of monthly and annual maximum precipitation in the 2026-2050, 2051-2075, and 2076-2100
relative to the baseline period (1990-2014) under SSP2—4.5 and SSP5-8.5 emission scenarios
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