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The purpose of this research is to evaluate the effects of climate change on
temperature, precipitation, and future droughts in Al-Shatar and Khorramabad
stations, for this purpose, the output of the general circulation model MRI-ESM2
according to the latest IPCC report (sixth report) and the emission scenarios SSP
1.2.6, SSP 2.4 5, SSP 3.7.0 and SSP 5.8.5 were used in these study areas. Using
the decision tree model (M5 Tree), the most dominant predictor variables of the
MRI-ESM2 model were selected. Next, the predictor variables were included as
input in the advanced artificial neural network (FFNN) statistical microscale
model and with the firefly optimization algorithm (FFA), the process The
exponential micro-scale of precipitation parameters, maximum temperature, and
minimum temperature for the base period (1970-2014) was carried out with
favorable results in the studied stations. After proving the capability of the neural
network model, forecasting the average temperature and monthly precipitation
changes during the near future periods (2062 2023-2023) and the distant future
(2063-2100) were carried out under the scenarios of the joint socio-economic
trajectories (SSP) related to the coupled model of the sixth phase (CMIP6). In
general, the results showed that these variables in both future periods On a
monthly scale will have several fluctuations, so that in the two stations of Aleshtar
and Khorramabad, during the periods of the near future and the distant future, the
maximum temperature, and the minimum temperature will have an increasing
trend compared to the observation period in all SSP scenarios, and the minimum
temperature changes compared to The maximum temperature will be higher in the
near future The annual rainfall of Elshtar station will decrease between 0.3 Percent
and 16 Percent and Khorramabad station between Seven percent and 12 Percent
under SSP scenarios. In the distant future, the average annual precipitation of
Aleshatar station will decrease between 10-20 Percent and Khorramabad station
between 12-24% under SSP scenarios.
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Figure 2. MRI-ESM2 model grid points around the study area

Table 1. PCC values for each grid point of the GCM model (pointl, point2, point3, point4) selected with
Aleshtar station

PCC
MRI-ESM2 Point1 Point2 Point3 Point4
Pr 0.88 0.88 0.89 0.87
Tmin 0.99 0.99 0.98 0.98
Tmax 0.98 0.98 0.98 0.98

Table 2. Table 3: PCC values for each grid point of the GCM model (point1, point2, point3, point4) selected
with Khoramabad station

PCC
MRI-ESM2 Pointl Point2 Point3 Point4
Pr 0.90 0.90 091 0.89
Tmin 091 0.93 0.92 0.92
Tmax 0.90 0.92 0.92 0.93
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Table 3. Predictors used in this research

Predictors Description Predictors Description

Surface downwelling longwave flux in air

1 rldscs . 19 clivi Atmosphere mass content of cloud ice
assuming clear sky
2 rlds Surface downwelling longwave flux in air 21 clt Total Cloud Cover Percentage
3 rlus Surface upwelling longwave flux in air 21 rlutes TOA Outgoing Clear-Sky Longwave Radiation
4 rlut Toa outgoing longwave flux 22 hfss Surface upward sensible heat flux
5 prc Convective precipitation 23 rsdscs Surface Downwelling Clear-Sky Shortwave Radiation
6 prw Atmosphere water vapor content 24 rsuscs Surface Upwelling Clear-Sky Shortwave Radiation
7 prsn Snowfall flux 25 rsutcs TOA Outgoing Clear-Sky Shortwave Radiation
8 psl Sea level pressure 26 rtmt Net Downward Radiative Flux at Top of Model
9 ps Surface air pressure 27 rsds Downwelling shortwave flux
10 tasmin Minimum air temperature 28 rsus Surface Upwelling Shortwave Radiation
11 tasmax Maximum air temperature 29 pr Precipitation
12 sci Shallow convection time fraction 30 rsut Toa outgoing shortwave flux
13 ts Sea surface temperature 31 tas Air temperature
14 clw Mass Fraction of Cloud Liquid Water 32 huss Specific humidity
15 cli Mass Fraction of Cloud Ice 33 rsdt TOA Incident Shortwave Radiation
16 cl Percentage Cloud Cover 34 sfewind Wind speed
17 evspsbl Evaporg tiqn Including Sublimation and 35 hurs Relative humidity
Transpiration
18 hfls Surface upward latent heat flux
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network (MLP-FFA)




AYY i IPCC (s (43,155 9 (omirs a8 j) 00lai] b 454U 9 lod Cordg st ol gt ST sy 3

Table 4. Predominant predictors of precipitation parameter, maximum temperature and minimum temperature

Model The most dominant predictors
Precipitation Tinax Tinin
MRI-ESM2 Clivi, hurs, rldscs,psl rlut, sfcWin, hurs, rlds, rsuscs, rlus, cl, prw, hfss, hurs, huss, rlus, rsds, tas,
clw, cl, pre, tasmax, tas, prw pre, ts, tas, tasmin sfcWind, prc, tasmax, hfls
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Table 5. Evaluation of the performance of ANN model in the base period (1970-2014) during the exponential
downscaling, Khorramabad and Aleshtar stations

. Tmin Tmax Precipitation
Model Station RMSE PCC RMSE PCC RMSE PCC
Khoramabad 1.9 0.96 2.02 0.98 33 0.74
MRI-ESM2 Aleshtar 1.62 0.96 1.9 0.98 33.6 0.73
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Figure 4. The time series of average monthly precipitation (a), average monthly maximum temperature (b),
average monthly minimum temperature(c) observed and estimated by the statistical exponential microscale
model based on ANN for the base period (1970-2014), Khorramabad station
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Figure 5. The time series of average monthly precipitation (a), average monthly maximum temperature (b),
average monthly minimum temperature(c) observed and estimated by the statistical exponential microscale
model based on ANN for the base period (1970-2014), Aleshtar station
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Figure 6. Average monthly rainfall forecast in the near future (2023-2062) with MRI-ESM2 model SSP release
scenarios along with the precipitation chart in the base period (1975-2014), a) Khorramabad station, b)
Aleshtar station
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Figure 7. Average monthly precipitation forecast in the distant future (2063-2100) with the MRI-ESM2 SSP
release scenarios along with the precipitation chart in the base period (1975-2014), a) Khorramabad station b)
Aleshtar station
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Figure 8. The average monthly maximum and minimum temperature predicted in the near future (2023-2062)
with the MRI-ESM2 model SSP emission scenarios along with the temperature chart in the base period (1975-
2014), a) Khorramabad station b) Aleshtar station
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