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Figure (1): The location of the study area in Yazd province, Iran
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Table (1): The characteristics of Global Circulation Models used in this study (IPCC, 2013)

s S SSE o, & IPCC Sl Jb
2 7906° x 2 8125° Beijing Normal University Earth IPCC-AR5 BNU-ESM
System Model, Canada
1.95° x 1 875° Hadley Global Environment Model IPCC-AR5 HadGEM2-ES

2 - Earth System, United Kingdom
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Table (5): Temperature changes (°C) and ratio of precipitation changes (%) in the future period compared to the base period based
on HadGEM2-ES in Marvast synoptic station

ALk TR ol Jan Feb Mar Apr

May Jun Jul Aug Sep Oct Nov Dec

2.18 1.40 1.70 1.53 184 212 236 1.71

J031 RCP26 109 1.16 2.02 1.88
oos0 _RCPA5 138 136 216 200

258 190 221 168 194 174 240 1.93

RCP85 157 161 2.37 2.22

231 198 233 203 234 172 276 220

- RCP26 116 190 220 241 241 214 232 205 218 180 232 202
ol RCP45 204 198 272 244 282 249 303 278 306 283 351 285

RCP85 322 323 38 358 399 381 408 382 408 401 485 392

RCP26 540 685 -162 27 -521 -871 -11.4 38 -283 -12 -27 -1.05

22%3510 RCP4A5 -112 218 21 -291 339 -178 508 -153 -57.5 224 893 -573

N RCP85 318 -452 369 -289 -505 -306 -60.6 50 744 379 530 -14.86
RCP26 285 -183 21  -384 428 -315 557 -7.60 -61.6 -258 -147 -34.73

oL TRCP45 3712 324 219 416 517 507 654 576 897 347 286 -42.03

RCP85 -46.6  -46 -539  -61.6

-67.1  -60.7 -655 -79.2 -923 -551 -67.9 -42.14
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Table (6): Temperature changes (°C) and ratio of precipitation changes (%) in the future period compared to the base period based

on BNU-ESM in Marvast synoptic station

A 0553 ok Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
RCP2.6 1.53 1.72 0.95 1.28 0.39 0.91 0.22 0.66 1.22 1.38 1.46 1.29
gggé- RCP4.5 2.03 2.63 1.71 2.36 1.60 2.12 1.10 1.73 1.79 1.65 1.91 1.32
L RCP8.5 2.35 2.75 2.14 2.94 211 2.48 1.72 2.28 2.06 2.95 2.04 1.88
b
RCP2.6 1.87 1.77 0.26 0.73 0.68 1.39 0.55 1.43 1.20 0.98 1.07 0.76
2ol RcPas 255 237 075 142 209 157 167 219 239 262 149 214
RCP8.5 3.61 2.93 151 3.09 2.41 3.79 2.07 3.22 2.90 3.37 2.02 291
RCP2.6 -19.20 -0.92 -11.89 13.92 -14.75 -24.54 -31.15 -11.54 -21.72 -10.34 -3.74 -30.99
gggé- RCP4.5 -23.80 -7.83 -20.57 -7.95 -28.77 -36.10 -40.98 -34.62 -43.72 -18.97 -10.31 -43.89
o i RCP8.5 -28.94 -17.99 -33.16 -11.24 -50.55 -66.22 -50.82 -69.23 -51.40 -53.45 -24.60 -60.69
i RCP2.6 -28.23 -9.00 -10.11 -23.43 -46.03 -54.36 -11.48 -50.00 -52.93 -46.55 -11.23 -49.63
gg‘;’é RCP45 3076 -1703 -1893 3133 6603 7261 -57.38 6654 6367 5345 2704 53.77
RCP8.5 -50.76 -25.70 -36.07 -53.13 -70.41 -81.74 -71.48 -75.38 -73.40 -79.31 -50.49 -69.01
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Figure (5): Average monthly precipitation and temperature in baseline period and future period under RCP scenarios based on
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Figure (6): Mean monthly precipitation and temperature in baseline period and future period under RCP scenarios based on
HadGEM2-ES model
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Figure (8): Annual SPI index values for the two periods of 2031-2050 and 2051-2070 and BNU-ESM model under RCP scenarios
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Extended Abstract

Introduction: while global Climate Models (GCMs) are designed to assess climate change, they can only
simulate large-scale atmospheric circulation model data. Therefore, these models' results need to be downscaled,
for which there are different methods such as dynamical and statistical ones.

This study sought to investigate the effect of climate change on temperature, precipitation parameters, and
drought in 2050-2031 and 2070-2051 periods in Khatam city using two general circulations models, namely
BNU-ESM and HadGEM2. Moreover, as using only one downscaling model to achieve a perspective concerning
the future climate of the study area with the slightest uncertainty does not seem logical, LARS-WG and Change
Factor (Delta) were used as two downscaling models under RCP2.6, RCP4.5, and RCP8.5 scenarios.

Material and methods: The Khatam city is located south of the Yazd province, Iran. In this study, the data
obtained from the synoptic station of Marvast were applied. The historical data from 1996 to 2017 comprised the
daily temperature and precipitation. Moreover, the data collected from two large-scale models including
HadGEM2-ES and BNU-ESM and two statistical downscaling methods, i.e., LARS-WG and Change Factor
(CF), were applied to simulate precipitation, temperature, and drought in Khatam city under three scenarios
including RCP2.6, RCP4.5, and RCP8.5 in 2031-2050 and 2051-2070 periods. Also, statistical indices such as
R2, RMSE, and NSE were used to evaluate the accuracy of the CF method and the LARS-WG model. To assess
the drought in the baseline period (1996-2017) and the two future periods, the standardized precipitation index
(SP1) was used based on a 24-month scale.

Results: The results of temperature variations regarding 2031 to 2050 and 2051 to 2070 periods indicated that
based on the LARS-WG model, the Khatam city would be affected by global warming, with temperature
changes suggesting a 1.75, 1.94, and 2.12 °C increase from 2031 to 2050, and 2.07, 2.71, and 3.87 °C from 2051
to 2070 under the scenarios of RCP2.6, RCP4.5, and RCP8, respectively.

The results concerning annual precipitation variations based on the LARS-WG model showed that precipitation
would be decreased by 6.1, 14.2, and 35.2% from 2030 to 2051, and by 26.8%, 35.5., and 51.5% from 2051 to
2070 under RCP2.6, RCP4.5, and RCP8.5 scenarios, respectively. Also, investigating annual temperature and
precipitation changes based on the BNU-ESM model suggested an increase in temperature by 1.06, 1.83, and
2.13 °C from 2031 to 2050, and by 1.084, 1.94, and 2.82 °C from 2051 to 2070 under the RCP2.6, RCP4.5, and
RCPS8 scenarios, respectively.

The results of annual precipitation variations based on the BNU-ESM model showed that precipitation would
decrease by 14, 22.1, and 32.9% from 2030 to 2051 and 24.2%, 33.9, and 48.1% during 2051 to 2070 under
RCP2.6, RCP4.5, and RCP8.5 scenarios, respectively. It should be noted that after determining the climatic
parameters for future periods, the SPI values for future periods and three scenarios can be determined.
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Moreover, the results indicated an increase in meteorological drought based on the HldGEM2 and BNU-ESM
models for the two future periods under all scenarios compared to the baseline period. Also, the BNU-ESM
showed higher drought compared to the HadGEM2 model.

Discussion and conclusion: as mentioned earlier, both downscaling models used in this study had a high
accuracy in predicting future precipitation and temperature, which is consistent with the results found by Sadidi
et al. (2020) in Kerman province, and the findings reported by Panahi and Khorramabadi (2020) in East
Azerbaijan province. The study's findings concerning the two future periods' temperature changes in both models
indicated that the Khatam city would be affected by global warming, indicating an increase in temperature from
2031 to 2050 and from 2051 to 2070 under RCP2.6, RCP4.5, and RCP8.5 scenarios, respectively. Also, results
regarding the precipitation changes in both models suggested a decrease in precipitation from 2031 to 2050 and
from 2051 to 2070 under RCP2.6, RCP4.5, and RCP8.5 scenarios, respectively, with the greatest decrease,
occurred under the RCP 8.5 scenario, that is in accordance with the results found of Givati et al. (2019) in the
upstream of the Jordan River. Moreover, the current study's results indicated the possibility of more severe
droughts in future simulated periods by the LARS-WG downscaling model and CF method, which is compatible
with the findings reported by Lucas and Et al. (2008), Lebedzki (2006), and Saleh Pourjam et al. (2014). It could
be argued that the increase in the severity of drought in future periods is due to the increase in temperature and
decrease in precipitation, which is also confirmed by the results found by Node Farahani et al. (2015). According
to this study's results concerning the comparison of the two GCM models, it could be said that the BNU-ESM
model can predict the lowest precipitation, the highest temperature, and the highest number of years regarding
the severe drought compared to the HadGEM2 model.

Keywords: RCP scenarios, Drought, Change Factor, LARS-WG, Khatam city.



