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Extended Abstract:
Introduction: Climate change is considered one of the main and important threats to the environmental, economic

and social. Climate change has been occurring all over the world without taking necessary measures to reduce
greenhouse gas emissions and in recent years has left disastrous effects in many countries. The increase in
greenhouse gases in the atmosphere due to the development of industry and increased use of fossil fuels and changes
in land use in the last few decades has caused a constant eating of climate variables especially global warming. The
negative consequences of this phenomenon for mankind can be destructive to the extent that among the ten
threatening factors for mankind in the 21% century, the climate change phenomenon has taken the first place. This
study aims to investigate the extreme temperature and precipitation changes using the Statistical Downscaling
Model to downscale the output of the MPI-ESM1-2-HR model from the GCM report under three scenarios SSP1-
2.6, SSP2-4.5 and SSP5-8.5 for the next three periods of the near future, the average future and the far future in the
Todeshk watershed in Isfahan.

Materials and methods: In this study, to evaluate the performance of the general circulation model of MPI-ESM1-
2-HR in the downscaling of maximum and minimum temperature parameters and precipitation of the Naein synoptic
station in Isfahan province during 1989-2014 were used as the base period. In this model, data from 1989 to 2006
were used as the calibration and data of 2007 to 2014 were used as model validation. First, using linear regression
test in SPSS software, among 26 variables of ECMWF historical data, variables that had the highest correlation
with dependent variables were extracted as independent variables. Also in order to evaluate the performance of the
model, goodness of fit correlation coefficient, root mean square error, nash-sutcliffe, kling gupta efficiency and
taylor diagrams were used.

Results and Discussion: The results of the goodness of fit coefficient R, RMSE, NSE and KGE in the calibration
and validation of the MPI-ESM1-2-HR model with the SDSM downscaling model to estimate the precipitation
variables, maximum temperature and the minimum temperature of the Naein synoptic station were 0.97, 0.42, 0.96
and 0.87 respectively, which implies the high performance and accuracy of the model in modeling of climatic
variables. The results showed that the output of the MPI-ESM1-2-HR model and the SDSM statistical model have
high and medium performance for downscaling of maximum and minimum temperature and precipitation variable
in the Naein synoptic station, respectively, and the high and average conformity between the scenario of the
maximum and minimum values of the maximum and minimum temperature and the precipitation variable under
scenarios SSP1-2.6 and SSP2-4.5 and SSP5-8.5 for the time periods 2015-2042, 2043-2070 and 2071-2100. The
results also showed that in the MPI-ESM1-2-HR model, the average monthly precipitation amounts in the time
periods 2015-2042, 2043-2070 and 2071-2100 have been reduced to 0.21, 0.22 and 0.24 mm, respectively, and the
average maximum temperature values were 1.49, 1.5 and 1.52 °C and the mean temperature of minimum
temperature will increase 0.51, 0.53 and 0.54 °C under scenarios SSP1-2.6, SSP2-4.5 and SSP5-8.5 respectively.

Conclusion: Since the current conditions of the world show the spread of climate change in all countries and in all
continents and risks of sustainable development, international community needs to move toward environmentally
compatible environments, use of clean and non-renewable energy and implementation of international standards
for sustainable development including reduction of greenhouse gases. Therefore, it seems reasonable that among
the scenarios evaluated in this research, the average scenario SSP2-4.5 is considered as a decision criterion for
planning in order to propose a solution to deal with climate change in policy agenda of policy makers and planners.
Keywords: Climate Change, Downscaling, Sixth Climate Model Intercomparison Project (CMIP6), SDSM model,
MPI-ESM1-2-HR model, Todeshk watershed.
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19- Nash-Sutcliffe model efficiency
20- Kling Gupta Efficiency (KGE)

17- Root-mean-square deviation
18- Correlation coefficient
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Table 3- Evaluation of the SDSM model in the calibration and validation stage of the meteorological
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Figure 4- Comparison diagram of monthly average values of calibration and validation predicted and
observations of maximum temperature, minimum temperature and precipitation
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VAAR-Y VY Gl Sl 0,90 dy s oy dim i
Oy ydis 45 6,6 4 w00gs SSP5-8.5 o L o
NNE o 5y g 0091 (595 olo 4y bogy o Lo iul38l
Jgad 5l g ol,8 il a0 YIVY o Y/PY (Y/0F
oty gLl (0395 5 o0 dinD Sl Jad (o
bl e cwl evg i les Ll
3J45 SSP5-8.5 4 SSP2-45.5 SSP1-2.6 slags ,liws
VoRY-Y Ve YN0 FY Sl slaoygs ,o ous
R il wsSe wlbuasls 5 Y-VV-YY .o
25 0 osliil ¥ Jsoz ,o KGE s NSE RMSE
51 ooolatwl L SDSM Jaw a5 sog ol Sl
LS 3l MPI-EESM1-2-HR  Jao sl 29,5
5o didin slos Jlib (pleimliden; Cuzr (2L
kil 9 035 )093 5 b g o]
o e Shalie 5 gilug b polie (ool
, SSP5-8.5 4 SSP2-4.5 4 SSP1-2.6 slags Liws
5 YOFYSYYe YOA-YeFY b sleo,ge
Sl liow zull iomen )0 0925 Vo VI-Y) -
MPI- Jos sl 9,5 5l eolaiul L SDSM - Jaw
oSl pyolie IS sbay ols oylas ESM1-2-HR
a0 VOV o VO N g anis sl

ST o390 30 Ay &)l a2 )0 (S i,
Oyl az o albsle (2 Sbe Ol psd aig, 7 IS o
SYAV Y ONOYFY by glbeyss Lo anii
§SSP1-2.6 (glagy i s Yo V) YV oo g Yo FY
=l ol ouls ools ylis SSPS-8.5 4 SSP2-4.5
plos o anctiy glos ailoabe uSile ialdl 5l Sl
Loy 090 & S o gt Sloj sloeygs
4 w3gs SSP1-2.6 5 L s VAAR-Y 4V F ayl,
5 09y oo 4 bgpe Gll (p i &Sk
ol ) sl az 0 YIVO g YIFF YIVA N Y o5 Say
5 CansST (gVsz) il (Jlo Jad o Sl
059 it slos il (n iy s (el
alale (Sl (l 35l (Sl @bt Grizres ol
0 Zom i Sloy soyge plad 0wt sles
cod VAAR-Y N E b Sl oy a4 cod
iy 45 (laisS 4 oy SSP2-45 4 L
JIAY AITY S 5a g g5 ol 4y bogype a3l
Jls Jgad o 3 5 ol,F 5le az e YIAQ Y/AF
lod il ity )l (0395 9 oo «hin) e
ol sl S mls ses Ll 009 iy
Sy sloo,go pled jo aiin sles wilale .Sl



Saogs iul o3> sles g (5L b yeiie @l s SIS lleis  SY

3 ool b anctny glos Slanlie 5 (ojlodnds SSP2-4.5 SSP1-2.6 clagy b o o, il
ol 0 031 igled ol ALTLS o el aalss alsl Slamlive 0,50 4 Cond SSP5-8.5
olie wlals Sl dwlie ¥ USE o .cdl

42
39
36
33
30
27
= 24
E’ 21
E i8
15
12
9
6
3
4]
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
B Tmax-naeen-1989-2014: Mean
= Tmax-naeen-sspl26-2015-2042: Mean
Tmax-naeen-sspl26-2043-2070: Mean
B Tmax-naeen-sspl26-2071-2100: Mean
42
39
36
33
30
27
= 24
E’ 21
E 18
15
12
9
[
3
(o]
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
B Tmax-naeen-1989-2014: Mean
m Tmax-naeen-ssp245-2015-2042: Mean
Tmax-naeen-ssp245-2043-2070: Mean
B Tmax-naeen-ssp245-2071-2100: Mean
42
39
36
33
30
27
= 24
E’ 21
E 18
15
12
9
6
3
]
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nowv Dec
Month
= Tmax-naeen-1989-2014: Mean
M Tmax-naeen-ssp585-2015-2042: Mean
Tmax-naeen-ssp585-2043-2070: Mean
B Tmax-naeen-ssp585-2071-2100: Mean

9SSP2-4.5 g SSP1-2.6 g1 jlaw o diaciin slod (Fluodlin 9 (5 lwdunis polio aildleo (filoo dun i Hlog0d —F JS&
SSP5-8.5
Figure 6- Comparison diagram of monthly average of simulated and observed values of the maximum
temperature under the scenario SSP1-2.6, SSP2-4.5, SSP5-8.5
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Figure 7- Taylor diagram of the monthly average of simulated and observed values of the maximum
temperature under the scenario SSP1-2.6, SSP2-4.5, SSP5-8.5
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Table 4 - Evaluation of SDSM model under SSP1-2.6 & SSP2-4.5 & SSP5-8.5 scenario with meteorological
component of maximum temperature

KGE NSE RMSE R Sloj oy99 99 bow oliilgn ailgo Joe pb
0.852 0.969 1.643 0.99 2015-2042

0.854 0.969 1.632 0.99 2043-2070 SSP1-2.6

0.851 0.967 1.678 0.99 2071-2100

0.828 0.966 1.722 0.99 2015-2042

0.830 0.966 1.723 0.99 2043-2070 SSP2-4.5 ain sbks  MPI-ESM1-2-HR
0.830 0.966 1.726 0.99 2071-2100

0.836 0.962 1.806 0.99 2015-2042

0.834 0.962 1.805 0.99 2043-2070 SSP5-8.5

0.826 0.959 1.879 0.99 2071-2100
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Table 5 - Evaluation of SDSM model under SSP1-2.6 & SSP2-4.5 & SSP5-8.5 scenario with meteorological
component of mainimum temperature

KGE NSE  RMSE R Sloj oy99 92 )Leww oliilgn 4il g Joe pb
0827 0988 0884 099  2015-2042

0826 0987 0915 099  2043-2070 SSP1-2.6

0818 098 0939 099  2071-2100

0778  0.983 1.037 099  2015-2042

0780  0.984 1.030 099  2043-2070 SSP2-4.5 et slos MPI-ESM1-2-HR
0784  0.984 1.006 099  2071-2100

0784  0.982 1.081 099  2015-2042

0782  0.982 1.084 099  2043-2070 SSP5-8.5

0774  0.981 1118 099  2071-2100
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Figure 8- Comparison diagram of the monthly average of simulated and observed values of the minimum

temperature under the scenario SSP1-2.6, SSP2-4.5, SSP5-8.5
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Figure 9- Taylor diagram of the monthly average of simulated and observed values of the minimum
temperature under the scenario SSP1-2.6, SSP2-4.5, SSP5-8.5
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Table 6 - Evaluation of SDSM model under SSP1-2.6 & SSP2-4.5 & SSP5-8.5 scenario with meteorological
component of Percipitation

KGE  NSE RMSE R Slejoygs gL wllgn adlgo Jue pbs
0371  0.425 0.180 0.610  2015-2042

0.534  0.484 0.171 0.610  2043-2070 SSP1-2.6

0.737  0.495 0.161 0.550  2071-2100

0.754  0.561 0.157 0.600  2015-2042

0.789  0.674 0.136 0.700  2043-2070 SSP2-4.5 ok MPI-ESM1-2-HR
0.836  0.687 0.133 0.710  2071-2100

0.398  0.196 0.213 0470  2015-2042

0.293  0.173 0.216 0.460  2043-2070 SSP5-8.5

0.493  0.316 0.196 0510  2071-2100
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Figure 10- Comparison of the monthly average of simulated and observed values of the Percipitation
under the scenario SSP1-2.6, SSP2-4.5, SSP5-8.5
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