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Extended Abstract

Introduction

Climate changes have occurred throughout Earth's history. However, in recent years,
human interference in the environment has accelerated temperature changes, leading to
more pronounced climate shifts. According to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC), the average global temperature
increased by £0.18 to 0.7°C over the past century (1906 to 2007) (IPCC, 2007).
Furthermore, the Fifth Assessment Report (IPCC, 2013) indicates an increase of 0.85°C
between 1901 and 2012. Global warming, with its numerous negative impacts on
biological systems, is a critical issue today. To assess these changes at a regional level,
detailed investigations using downscaling techniques are necessary. Among these,
statistical downscaling models (e.g., SDSM) have proven effective for simulating and
evaluating climate change impacts. Despite extensive research on downscaling, no prior
study has specifically examined the exponential downscaling of maximum and minimum
temperature and precipitation for the Hajiler watershed using IPCC's fifth report
scenarios. Therefore, this study aims to simulate monthly temperature and precipitation
parameters at Ahar synoptic station using the SDSM model under RCP scenarios and
analyze their annual trends using the non-parametric Mann-Kendall test.
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Material and Methods

This study employed the SDSM model (version 5.3) and three RCP scenarios (2.6, 4.5,
and 8.5) from the IPCC Fifth Assessment Report. Climate data from Ahar synoptic station
were used to simulate precipitation and temperature (maximum and minimum) across
four time periods: the near future (2020-2039), mid-future (2040-2059, 2060-2079), and
far future (2080-2099). In the first stage, daily data for precipitation and temperature from
1986 to 2005 were collected from the Meteorological Organization and underwent quality
control. These data were then used in the SDSM model for monthly-scale simulations and
compared with baseline observations.

The SDSM model incorporates three types of data for downscaling: daily observational
data (predictand), NCEP reanalysis data (predictor), and large-scale forecast data from
atmospheric general circulation models (GCMs). Predictor data from the CanESM2
model were sourced from the Environment Canada website. Large-scale daily time series
data (1961-2005) for precipitation, maximum temperature, and minimum temperature
were pre-processed in Excel and prepared for analysis in Notepad. Predictor variables
suitable for the region were selected based on correlation with observational data and
analyzed using the NCEP and CanESM2 datasets. Using these predictors, precipitation
and temperature values for future scenarios (RCP 2.6, RCP 4.5, and RCP 8.5) were
simulated for the four study periods.

Results and Discussion

To predict temperature changes in the Hajiler watershed, the SDSM statistical
downscaling model was used. The statistical relationship between observed and predictor
variables was evaluated based on correlation coefficients. Among the 26 atmospheric
variables tested, nceptempgl and ncepp500gl exhibited the highest correlation with
temperature and precipitation data. Temperature data showed a stronger correlation with
observational data than precipitation due to temperature's continuous nature and lower
variability compared to precipitation, which is more influenced by anomalies.

After validating the model for the baseline period (1986-2005), climatic parameters were
simulated for future periods under the RCP 2.6, RCP 4.5, and RCP 8.5 scenarios using
the CanESM2 global model. The analysis revealed that climate change affects
precipitation in two primary ways: changes in precipitation amount and changes in its
temporal distribution. Results indicate that precipitation patterns will become
increasingly irregular, with rainfall occurring during inappropriate seasons.

In terms of temperature trends, the model predicts a general increase in both maximum
and minimum temperatures across all scenarios and time periods. This temperature rise
Is more pronounced during warmer months.

Conclusion

This study used the SDSM linear model and CanESM2 outputs under RCP 2.6, RCP 4.5,
and RCP 8.5 scenarios to predict temperature and precipitation trends in the Hajiler
watershed until 2100. Results showed that temperature data had a stronger correlation
with observational data compared to precipitation, due to temperature's continuous and
less variable nature.



The findings revealed a significant increasing trend in both maximum and minimum
temperatures, alongside irregular rainfall patterns. Specifically, rainfall is projected to
decrease during traditional rainy seasons while increasing during unseasonal months
under certain scenarios.

In conclusion, the observed increases in temperature and irregular rainfall distribution
emphasize the need for proactive measures in water resource management, watershed
planning, and agriculture. These measures are essential to mitigate the adverse effects of
climate change in the Hajiler watershed region.

This study highlights the efficacy of the SDSM model in climate parameter downscaling
and underscores the importance of considering regional climate projections for
sustainable environmental management.
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Fig. 2. Comparison of observed and simulated values of precipitation and temperature
elements in the calibration stage of the SDSM model
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Table 3- Evaluation of the efficiency of simulations (SDSM) during the basic statistical
period of 1986-2005 in Hajiler basin

L JBla> faw g L iSlas b g B
> Pl B > Sl e (gome) sl ST slo sl
Average Minimum Average Maximum Precipitation (Total) Statistical Criteria
Temperature Temperature
0.034 0.048 4.38 RMSE
0.026 0.039 3.30 MAE
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Table 4- Changes in total predicted monthly rainfall, compared to the average actual
rainfall during the periods

rcp8.5 repd.5 rcpl.6
2080-2099[2060-2079(2040-2059[2020-2039 4, [2080-2099|2060-20792040-2059(2020-2039 4> {2080-2099(2060-2079[2040-20592020-2039 4L | month
23.9556 | 23.955 | 25.1533 | 23.9556 | 16.97 | 18.4128 | 20.5854 | 184128 | 193331 | 1697 | 17.991 | 17.892 | 17491 | 17.391 | 1697 | Jan
22,9398 | 22.9398 | 24.0866 | 22.9398 | 18.26 | 16.7173 | 13.9615 | 16,7073 | 17.5529 | 18.26 | 16.7285 | 165285 | 16.4285 | 16.2285 | 1826 | Feb
374804 | 374804 | 39356 | 37.4824 | 34.855 | 33.1206 | 31.1609 | 33.1206 | 34.7759 | 34.855 | 40.7515 | 40.2515 | 40.7515 | 40.9515 | 34.855 | Mar
51.4859 | 514859 | 54.0598 | 51.4859 | 43.95 |35.2698 | 37.075 | 35.2698 | 37.033 | 43.95 | 356117 | 355117 | 354117 | 354117 | 4395 | Apr
55.0498 | 55.0498 | 57.8017 | 55.0498 | 49.57 | 42.6263 | 32.0868 | 42.6263 | 447572 | 49.57 | 46.2917 | 46.3917 | 46.2917 | 46.2917 | 4957 | May
6.85565 | 6.85565 | 7.19845 | 6.85565 | 26.335 | 14.1229 | 25.6724 | 14.1229 | 14.8291 | 26335 | 14344 | 14344 | 14344 | 14244 | 26335 | Jun
10,0474 1 10.0474 | 105498 | 10.0474 | 6.155 | 12.2728 | 13.8704 | 12.2728 | 12.8863 | 6.155 | 8.15415 | 8.45385 | 8.45385 | 8.15385 | 6.155 | Jul
145525 | 145505 | 1528 | 145525 | 6.96 | 119982 | 16.8598 | 11,9982 | 12.598 | 6.96 |[9.75285 | 9.93285 | 9.53285 [ 973285 | 696 | Aug
10.182 | 10.182 | 10.6912 | 10.182 | 12.295 | 11.2475 | 114816 | 102475 | 1181 | 12.295 | 19.2479 | 19.3079 | 19.1079 | 19.1079 | 12.295 | Sep
D107 | 27117 | 23.8468 | 227117 | 2761 | 213159 | 26.2783 | 213159 | 223816 | 27.61 | 20575 | 21585 | 21785 | 21485 | 27.61 | Oct
25.8838 | 25.8838 | 27.1778 | 25.8838 | 2853 | 25.8126 | 30.4975 | 25.8126 | 27.1032 | 28.53 | 25.8437 | 25.7637 | 25.7637 | 25.9637 | 2853 | Nov
2.2761 | 22.2761 | 23.3894 | 22.2761 | 20.07 | 23.7711 | 12.5653 | 23.7711 | 24.9592 | 20.07 | 21.2149 | 208949 | 20.5949 | 20.9949 | 20.07 | Dec
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Fig.3. Rainfall changes in the basin in the time periods of 2039-2020, 2040-2059, 2079-
2060 and 2099-0280 in comparison with the observation period of 2005-1986
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Table 5- The average changes of the predicted maximum monthly temperature, in
relation to the average actual precipitation during different periods (2020-2099)

RCP8.5 RCP4.5 RCP2.6
2080-2099 2060-2079 2040-2059 2020-2039 4l 2080-2099 2060-2079 2040-2059 2020-2039 4L 2080-2099 2060-2079 2040-2059 2020-2039 4l

353 3.89 3.55 3.76 3.49 3.67 392 3.56 4.16 3.49 350 3.69 3.60 3.9 349 Jan
4.60 479 422 475 454 4.95 4.65 4.4 5.09 4.54 5.02 4.86 4.70 4.64 4.54 Feb
9.59 9.68 952 1002 93 1028 1017  9.68 9.91 935 1017 9.60 976 1022 93 Mar
1744 1714 1714 1706 1634 1757 1740 1734 1713 1634 1742 1714 1697 1711 1634 Apr
213 219 2195 261 2072 2213 2149 2205 2072 2072 2192 2187 2177 2186 2072 May
2116 2699 2686 2677 2566 2649 2688 2712 2665 2566 2712 2712 2688 2673 2566  Jun
20966 2940 2958 2936 2801 2954 2923 2964 2945 2801 2957 2941 2950 2963 = 2801 Jul
2937 2930 2937 2962 2811 2923 2928 2958 2966 2811 2959 2929 2946 2963 2811  Aug
2552 2570 259 2576 2466 2560 2590 2590 2577 2466 2569 2566 2621 2614 2466  Sep
195 1976 1945 1916 1877 2008 1955 = 1930 195 1877 1958 1934 1978 1989 1877 Oct
1200 1161 1185 1205 1142 1204 1219  118& 1194 1142 1215 1168 1231 1243 1142 Nov
5.99 6.21 591 6.21 5.90 6.81 6.40 591 6.04 5.90 6.22 6.44 5.94 6.21 590 Dec
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Fig.4. average changes of the maximum temperature in the basin in the time periods of
2059-2039, 2079-2020, 2060-2040 and 2099-2080 in comparison with the observation
period of 2005-1986
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Table 6- The average changes of the predicted monthly minimum temperature, in

relation to the average actual precipitation during different periods (2020-2099)

2080-2099 2060-2079 2040-2059 2020-2039

-3.49854
-3.67058
-0.12646
6.1625
9.63692
13.5219
17.2506
17.2869
12.6819
8.0716
2.95926
-1.46228

-3.55143
-4.037%
-0.16587

6.09298
9.36486
13.6794

17.278
17.1977
12.8916
8.28119
2.90097

-1.40013

-3.70408
-3.73415
-0.50327

5.91908
9.42109
13.5668
17.0029
17.2437
12.6839
7.87661
2.58976

-1.33927

-3.8439%
-3.58279
-0.52617

5.7735
9.42955
13.6529
17.1777
17.3558
12.6614
8.26895
2.39664

-1.25252

RCP4.5

4y 2080-2099 2060-2079 2040-2059 2020-2039

-4.54839
-4.36566
-0.67516

4.56583
8.04129
11.87
15.4103
15.486
11.3148
6.84371
177383

-2.14661

-4.59467
-4.36744
-0.577%
4.98433
8.69326
12.5903
16.1883
16.2967
11.7289
6.87863
2.16728
-2.07819

-4.65853
-4.63912
-0.59424

4.6674
8.37762
124731
16.1694
16.3795
11.7873
7.10157
1.86259

-2.36046

-4.45084
-4.48291
-0.59769

4.66863
8.64977
12.4392

16.112
16.2429
117411
7.30543
1.96147

-2.24924

-4.50492
-4.55648
-0.53878

4.95586
8.41041

12.713
16.0841
16.1371
11.9514
7.11196

1.8384

-2.16257

RCP2.6

4l 2080-2099 2060-2079 2040-2059 2020-2039

-4.54839
-4.36566
-0.67516

4.56583
8.04129
11.87
15.4103
15.486
11.3148
6.84371
177383

-2.14661

-4.80726
-4.35983
-0.41909
4.69032
8.62838
12.8893
16.3939
16.4644
11.8922
7.28234
1.95538
-2.29763

-4.58019
-4.80016
-0.47272

4.94454
8.43449
12.5443
16.2522
16.3005
11.7919
7.15581

1623

-1.94836

-4.89911
-4.96543
-0.69037

4.72556
8.38099

12.38
16.3874
16.4287
11.8394
7.03372
1.80994

-1.93671

-4.86909
-5.01898
-0.38787

4859
8.51887
12.5344
16.1878
16.2018
11.7582
6.92906
1.37336

-2.48035

4l

-4.54839 Jan
-4.36566 Feb
-0.67516 Mar

4.56583 Apr
8.04129 May
11.87 Jun
15.4103 Jul
15.486 Aug
11.3148 Sep
6.84371 Oct
1.77383 Nov

-2.14661 Dec

olo
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Fig.5. Average minimum temperature changes in the basin area in the periods of 2059-
2039, 2079-2020, 2060-2040, and 2099-2040 compared to the observation period of
2005-1986
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Table 7- The statistical value of Kolmogorov Smirnov and Shapiro-Wilk in three
scenarios and for four future periods

Sy sl b 35 ol =g S god 55 EPS]]
Shapiro-Wilk Kolmogorov -Smirnov Test
ESL
8.5 4.5 2.6 8.5 4.5 2.6 Scenario

Parameter — jl,L

St
0.023 0.049 0.09 0.009 0.2 0.2
Precipitation

Sl gles b sz
Average maximum temperature
Bl gbes b g

0.09 0.78 0.34 0.04 0.17 0.2

0.80 0.45 0.075 0.2 0.19 0.2
Average minimum temperature
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Fig. 6. Chart of changes in the climate elements of temperature and precipitation from
2020 to 2100
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