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EXTENDED ABSTRACT

Introduction: Climate change and global warming are among the most important environmental challenges.
Global warming has significant effects on climate variables, especially precipitation and temperature. In the last
century, the average increase in global temperature has reached 0.85 °C. The increase of greenhouse gases as
one of the main factors of global warming and climate change has caused an increase in temperature, an increase
in the water level and the temperature of the oceans and after that, it has caused an increase in evaporation from
the sea level and an increase in humidity and precipitation in the globe. The response of all parts of the planet to
climate change is not an increase in rainfall, but due to changes in pressure patterns, some places have faced a
decrease in rainfall. Climate change and the consequent change in climate parameters affect various
environmental resources, such as surface and underground water resources, agricultural lands, forests, pastures,
and human society. Currently, forecasting changes in rainfall and temperature parameters will be of great
importance. Due to Iran's location in the high-pressure belt of the Northern Hemisphere, most of the country's
regions, including Khorasan provinces, have a hot, arid to semi-arid climate, and semi-humid in some areas.
Therefore, long-term forecasting and monitoring of the weather conditions of each region can be a good solution
to deal with the adverse effects of climate change, such as floods and droughts. The purpose of this research is
to investigate the trend of future changes in the climatic components of precipitation, average temperature,
maximum temperature, and minimum temperature in Kashmar City, using the scenarios of the fifth assessment
report of the Intergovernmental Panel on Climate Change and atmospheric general circulation models. These
changes are reviewed monthly, yearly, and quarterly during the near future, middle future, and far future time
periods.

Methodology: This research was conducted in the watershed of Kashmar City in Khorasan Razavi province
and the output of general circulation models from the CMIP5 model series was used to check the performance
and validity of these models in predicting the climatic parameters of precipitation, average temperature,
maximum temperature, and minimum temperature during the period 1989-2005. The best model was selected
using the evaluation indices of the determination coefficient, the root mean squared error, the absolute mean
error, the correlation coefficient, and the mean squared error. Finally, the BCSD method was employed to
downscale the data for three time periods near future (2020-2038), middle future (2039-2069), and far future
(2070-2100) under the IPSL-CM5A-MR model, and future emission scenarios (RCP2.6, RCP4. 5, RCP6,
RCP8.5). The Mann-Kendall statistic test was used in order to investigate the trend of changes in monthly,
seasonal, and annual rainfall and temperature variables.

Results and Discussion: The results of the model evaluation indices for four climate models indicated the
highest performance of the IPSL-CM5A-MR model in simulating precipitation and temperature with a high
correlation coefficient and relatively low error indices compared to other models. The results of the
investigation of the rainfall trend showed that in the far future, the rainfall component will be completely
decreasing and it will have the largest decrease under the RCP8.5 scenario with a value of -41.12 mm. The
average temperature is also increasing in all months and the maximum increase in the average temperature in the
far future under the RCP8.5 scenario is 7.58 °C. The amount of minimum temperature and maximum
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temperature increases in all months, and the maximum increase of minimum temperature in the far future
interval under the RCP8.5 scenario is 8.35 °C. Furthermore, the maximum increase in the maximum
temperature in the far future interval under the RCP8.5 scenario is 7.09 °C.

Conclusion: The results of the model evaluation indices for four climate models show the performance of the
IPSL-CM5A-MR model in simulating precipitation and temperature with a high correlation coefficient and
relatively low error indices compared to other models. The assessment of the effects of climate change on some
weather variables in the Kashmar Plain watershed as a part of the Central Iran catchment in the north of the Salt
Desert showed that in all scenarios of greenhouse gas emissions, there will be a significant increase in
temperature. The results of the temperature study show that the average annual temperature as well as the annual
minimum temperature increase in the entire time period in all scenarios and all scenarios except the RCP2.6
scenario have a significant trend. The average annual average temperature of the entire period in RCP2.6,
RCP4.5, RCP6, RCP8.5 scenarios is 17.34, 18.30, 18.31, and 19.64 degrees Celsius, respectively, and the
average average temperature in the historical period is 16.11 degrees Celsius, and the highest average
temperature increase in the distant future and then in the middle and near future, and the RCP8.5, RCP6,
RCP4.5 and RCP2.6 scenarios, and the increase is 3.53, 2.2, 2.19 and 1.23 degrees Celsius respectively. The
average annual minimum temperature of the entire period in RCP2.6, RCP4.5, RCP6, RCP8.5 scenarios is
10.56, 11.32, 11.34, and 12.55 degrees Celsius, respectively And the average minimum temperature in the
historical period is equal to 9.13 degrees Celsius, and the maximum increase of the minimum temperature in the
distant future and then in the middle and near future, and the RCP8.5, RCP6, RCP4.5 and RCP2.6 scenarios and
the increase is equal to 3.42, 2.21, 2.19 and 1.43 degrees Celsius respectively. The amount of annual maximum
temperature increases in the entire time period in RCP2.6, RCP4.5, RCP6 and RCP8.5 scenarios and has a
significant trend in all scenarios. The maximum annual temperature of the whole period in RCP2.6, RCP4.5,
RCP6, RCP8.5 scenarios is 24.12, 25.27, 25.27, 26.72 degrees Celsius, respectively. The average maximum
temperature in the historical period is equal to 23.09 degrees Celsius. And the highest increase in maximum
temperature in the distant future and then in the middle and near future, and RCP8.5, RCP6, RCP4.5 and
RCP2.6 scenarios, and the amount of increase is 3.63, 2.18, 2.18, respectively and is 1.03 degrees Celsius. The
investigation of the rainfall trend also showed that in the future, the rainfall will be completely decreasing and
will have the highest decrease in the RCP8.5 scenario. The results of the rainfall survey showed that the amount
of annual rainfall in the entire time period increases (0.04 %) in the RCP2.6 scenario and decreases in other
scenarios, but there is no significant trend. The average annual rainfall of the entire period in RCP2.6, RCP4.5,
RCP6, and RCP8.5 scenarios is 228.17, 215.43, 211.36, and 202.63 mm, respectively. The average rainfall in
the historical period is equal to 223.61 mm. The highest percentage of rainfall reduction is in the far, middle and
near future, and RCP8.5, RCP6, RCP4.5 scenarios, and the reduction percentage is 0.2, 0.12, and 0.08,
respectively. These findings mean an increase in evaporation and transpiration, a decrease in the amount of
available water, an increase in plant stress, a decrease in the yield of many agricultural and garden crops, an
increase in pressure on resources, a decrease in food security, and a total decrease in habitability potential in this
area in the will be likely future.
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Figure 1- Location of the study area in Iran and Razavi Khorasan
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Table 3- The highest and the lowest precipitation values in different time intervals in the IPSL-CM5A-MR model
under RCP scenarios compared to historical period (1989-2005)
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Figure 2- Seasonal precipitation values by the IPSL-CM5A-MR model of the fifth assessment report under RCP
scenarios during total time period
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Figure 3- Precipitation values (annual) by the IPSL-CM5A-MR model of the fifth assessment report under RCP
emission scenarios during different time intervals

)y)> RCP8.5 5 RCPG (4308 g 4s5il5 ¢ slaolo 3| 1) RCPAS (slags jliw )y jloj oyen IS 50 ol lis lawete (slod ol

Ol b o i3l aole plod (3 lawsio (slod (yl5u0 5§ Cund (5)I0 iz Mgy (5l)ld RCP2.6 (595 ki ;3 Lol .l (gl sxe 159,
RCP2.6 (s2)liw )3 9 b o Gl 31 RCP (slagyjliw plos g (Sloj 0)93 JS' 53 (lwe] 9 jialy eyliwnls yla Juad )3 lawgio (lod
Oliwe Gl (gl gme L9y (glyl> RCP8.5 4 (0L b jl 1) RCP6 RCPAS (slag )l ;5 Lol e syl dme 35y (sl
OSOles i (65 gme W9y LS RCP2.6 (5405l jods g b oo (]38l agy sl plod j3 Jloj 0ysd JS' 55 il lawgie (glod
a2 3 VAUEF ANYY MY SVIYF ol s 54 RCP8.5 (RCP6 (RCP4.5 RCP2.6 (slags i ;5 0)5d JS aills lawgio (slod
o] )3 bawgio slod (yial38l Cp 5w g canl 31,5 Blo a5 )3 VEIVY ply (Sl 090 50 bawgie (slod (uSike 9 cunl oI5 Sle
FIOY plp i ga il g cusl RCP2.6 g RCP4A.5 RCP6 (RCP8.5 (clags\luw 5 «Sudp g (Sho o] )3 o 5 L g 599
03938l RCP8.5 Cows 4y RCP2.6 (551 jluw 3l lawgio (slod (sloodly lyuss Loy a8ly )0 .l 5,5 ilo djd V/YY 5 ¥V Y/Y
OBl 4 S (VoY) oLlKen gy ) Oldlae cpuized o (Y1) b6 Sldlhs guls ( suivs opl 5l odel candds guls canl o0
5 Lhad @lale) bawgio (slod il polie o5 i ¥ Jods S oo duli 1) 051 0,Lal ealsl clpuss oy o]y Led g,
0y9> s3> b auglia ;> RCP (clagy liw o IPSL-CMBA-MR s ;5 593 9 e «So35 oan] Sloj (slwoygd p> (aills
o IPSL-CM5A-MR Jus 3 lad buwgie slod polie (slayldges ¥ JSS puizpd bd 0 olis (VAAR-Y-20) 5ol
ol calisee Jloj slaoygn ;0 1) il slags i cov Jae Al bawgio (slod polie  JSi 5 Sloj 0,93 JS s RCP (slags b

.M.)L;a

S RCP g Uuw Co IPSL-CMS5A-MR Juaw ;> cliSee Jloj s ,90 43 lawgio (slod (ia!l38! pdlie oy o7 b —€ Join
(YAAA-Y++0) (Su,b 2,95 (033 b dunwy o

Table 4- The highest values of average temperature increase in different time periods by the IPSL-CM5A-MR model
under RCP scenarios compared to the historical period (1989-2005)
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Figure 4- Seasonal average temperature by the IPSL-CM5A-MR model of the fifth assessment report under RCP

scenarios during total time period
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Figure 5- Average temperature values (annual) by the IPSL-CM5A-MR model of the fifth assessment report under

RCP emission scenarios during different time periods
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Table 5- The highest increase in minimum temperature values during different time periods by the IPSL-CM5A-MR
model under RCP emission scenarios compared to the historical period (1989-2005)
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Figure 6- Seasonal minimum temperature by the IPSL-CM5A-MR model of the fifth assessment report under RCP
scenarios during the total time period
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Figure 7- Minimum temperature values (annual) by the IPSL-CM5A-MR model of the fifth assessment report under
RCP emission scenarios during different time periods
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Figure 9- Maximum temperature values (annual) by the IPSL-CM5A-MR model of the fifth assessment report under
RCP emission scenarios during different time periods
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