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Figure 1- Location of the Bakhtegan-Maharlu watershed and selected synoptic stations.
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Table 1- Characteristics of five selected synoptic stations in the Bakhtegan-Maharlu
Watershed.

. . . Elevation above sea Year of
Station Name  Longitude (degrees)  Latitude (degrees) level (m) establishment
Arsanjan 53.33 29.9 1676 2006
Takhtejamshid 52.89 29.92 1605 2002
Shiraz 52.60 29.56 1488 1951
Safashhar 53.16 30.59 2251 2006
Neyriz 54.39 29.19 1632 2000
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Table 2- Specifications of CMIP6 models
used in the research.

Developer  Spatial Accuracy

Model
Country (degrees)
ACCESS-ESM1-5  Australia 1.25*1.875
CNRM-CM6-1 France 1.4*1.4
MRI-ESM2-0 Japan 1.12*1.12
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Table 3- Evaluation of the Lars WG model in the calibration and validation phase.

Station \rification Calibrated
R? RMSE R? RMSE
Arsanjan 0.71 5.01 0.72 4.98
Neyriz 0.62 6.32 0.64 6.33
Rain Safashahr 0.66 3.87 0.69 3.74
Shiraz 0.78 3.21 0.73 3.28
Takhtejamshid 0.67 3.99 0.65 4.01
Arsanjan 0.90 0.25 0.91 0.24
Neyriz 0.87 0.33 0.86 0.35
Tmax Safashahr 0.94 0.27 0.92 0.29
Shiraz 0.98 0.19 0.97 0.21
Takhtejamshid 0.89 0.29 0.86 0.33
Arsanjan 0.92 0.28 0.93 0.25
Neyriz 0.89 0.41 0.91 0.34
Tmin Safashahr 0.94 0.32 0.93 0.32
Shiraz 0.95 0.23 0.97 0.21
Takhtejamshid 0.91 0.29 0.88 0.35
Arsanjan ; }\)llt;:llf Tmax Arsanjan Arsanjan ;gﬁgf%:;w:iu
o i g
T || I || [
UH” | I] l: [T I] n.zl]I] H[I
?{;\ ‘a.c‘@é’ o @-} ii fﬁe“i‘i& ‘&\@‘ 9‘{; &,v-“*,e & “’\}.\*‘f\a@ifiﬁig & w{;&f‘f AR 3.\-{;“{‘?&? ‘{cf

Neyriz @ Model-Tmax Neyriz Neyriz = Model-Tmin
“ S0BS-Tmax = - 0OBS-Tmin
& Model-Rain
3 “ DOBS-Rain 25
35
30
-~ 25 - 0 o
i E s
L) E 2 T s
= = E]
g 3 E
= 0
5 s s
0 0 m m_ . o M ﬂ [|
S S FPAFS TS G CES TS T FTEF S G- C R e e o o
F T T T e & & & FFT T W e & & F T AT & &
W ¥ ,ﬁ\c@ & o« & ,eﬁ@“ & & & i*“ K s u“.__,-" &



VEeD ol ABY ol 5)leds ¥ 5,lad ¥4 5,95

Safashahr @Model-Tmax

Safashahr

RSt

Safashahr & Model-Tmin
s SOBS-Tmax «© R s 0 OBS-Tmin
Model-Rain
0 s DOBS-Rain
40 w0
25 38
o o= g W -
v £ e, L] I] H
e £ ] =
E 2 15 " I] = [I
: ﬂ H H E I:I
- s
o 0 B e I:| —_— R
. S s § N N s & & PR
< e"s._x'*‘? e & ,é‘ & & éf s & cy‘ & & fc“ 4. 0 hq &S 8 & &S
F& e T S e T LS e‘f &S
Shiraz @ Model-Tmax Shiraz Shiraz @ Model-Tmin
" QOBS-Tmax 0 - 2 QOBS-Tmin
& Model-Rain
o ™ DOBS-Rain
£ &0 0
30
= g % o s
(S E :
P E ® e
7w W Ew
g 15 2 K]
o [I[| [| : : n
s 10
o o S I o =1 H m
& PR Y ¢ & : 3 3 PR
P R RS S LSS IS S
ety o ¥ eF T S ¥y TS
Takhtejamshid EModel-Tmax Takhiejamshid Takhtejamshid 2 Maodel-Tmin
a5 DOBS-Tmax 0 25 0 OBS-Tmin
“© & Model-Rain -
60 DOBS-Rain 20
35
P = 15
M E 40 s
p o= H Y
7 FEl =
g 2 g * [| [l
l: H 10 ¢ e =
0 " 1 s
s & s & S & & S
S ‘a FE TS &5 ST “’«9‘% s{g‘# ,v“(' F S "a & F" o“‘ &
¥ & Qf ¥ Ty ¥

jl)l@a— lf..:u J...:u‘ dded olf.......a‘ ) 6|°“\'°L“‘° Lars WG J.J.n °“\“"L5"‘"LJ‘“" dbo)b.ﬂ MLQA -y J&..a

Figure 2 - Comparison of Lars WG model Predicted values and observational values of five
synoptic stations in the Bakhtegan-Maharloo Watershed.
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Figure 3- Changes in climate parameters for the near future period (2026-2045) compared to the
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Figure 4- Changes in climate parameters for the near future period (2026-2045) compared to the
base period in the CNRM-CM6-1 model.
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Figure 5- Changes in climate parameters for the near future period (2026-2045) compared to the

base period in the MRI-ESM2-0 model.
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Table 4- Result of changes in climatic parameters in the near future period (2026-2045) compared
to the base period in the Bakhtegan-Maharloo watershed.

Model Arsanjan Neyriz Safashahr Shiraz Takhtejamshid ~ Average
ACCESS-ESM1-5 295.7 177 237.9 294.6 295.2 260.1
SSP126 CNRM-CM6-1 246.6 184.2 203.5 266.5 3435 248.9
MRI-ESM2-0 254.6 179.7 210.7 283.3 355.5 256.8
Average 265.6 180.3 217.4 281.5 331.4 255.2
- ACCESS-ESM1-5 326.2 175.2 260.3 314.7 313.7 278.0
2. SSP245 CNRM-CM6-1 257.9 178.3 215.2 275.1 359.2 257.1
5 MRI-ESM2-0 246.5 184.5 202.4 285.2 348.9 2535
3 Average 276.8 179.4 225.9 291.7 340.6 262.9
= ACCESS-ESM1-5 339.3 186.2 275.3 315.9 326.7 288.7
SSP585 CNRM-CM6-1 262.5 1815 219.1 293.0 372.6 265.7
MRI-ESM2-0 258.4 183.6 208.8 280.2 355.4 257.3
Average 286.7 183.8 234.4 296.3 351.6 270.6
OBS-Rain 222 184.9 195.1 316.5 291.7 242
ACCESS-ESM1-5 26.3 27.1 21.9 27.8 27.1 26.0
SSP126 CNRM-CM6-1 26.9 27.7 22.4 28.3 27.6 26.6
MRI-ESM2-0 26.7 275 22.3 28.1 275 26.4
Average 26.6 275 22.2 28.1 274 26.3
4 ACCESS-ESM1-5 26.9 27.2 21.9 27.7 27.1 26.1
3 SSP245 CNRM-CM6-1 27.0 27.8 22.5 28.4 27.7 26.7
Jay MRI-ESM2-0 26.5 27.3 22.1 279 27.2 26.2
o Average 26.8 274 22.1 28.0 27.3 26.3
= ACCESS-ESM1-5 26.6 27.4 22.1 28.0 27.3 26.3
SSP585 CNRM-CM6-1 27.2 27.9 22.7 28.6 27.9 26.9
MRI-ESM2-0 26.9 27.7 225 28.4 27.7 26.6
Average 26.9 27.7 225 28.3 27.6 26.6
OBS-Tmax 25.2 25.9 20.7 26.3 25.8 24.8
— ACCESS-ESM1-5 12.9 14.4 4.6 12.4 10.7 11.0
a3 SSP126 CNRM-CM6-1 13.4 15.0 5.2 13.0 11.3 11.6
= MRI-ESM2-0 13.0 145 4.8 125 10.9 11.1
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Model Arsanjan Neyriz Safashahr Shiraz Takhtejamshid ~ Average
Average 13.1 14.6 4.9 12.6 11 11.2
ACCESS-ESM1-5 13.0 145 4.7 12.4 10.8 111
SSP245 CNRM-CM6-1 135 15.0 5.3 13.0 114 11.6
MRI-ESM2-0 12.9 14.4 4.6 12.3 10.7 11.0
Average 13.1 14.6 4.9 12.6 11.0 11.2
ACCESS-ESM1-5 13.2 14.8 49 12.8 111 114
SSP585 CNRM-CM6-1 13.7 15.2 55 133 11.6 119
MRI-ESM2-0 13.2 14.8 5.0 12.7 111 114
Average 134 14.9 5.1 12.9 11.3 11.5
OBS-Tmin 11.6 13.1 3.4 10.8 9.4 9.7
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*Bold values represent a significant difference between the baseline mean and the predited values at the 95% confidence level.
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Extended Abstract

Introduction and Goal

Climate change means long-term, irreversible changes in average climate conditions caused by
natural and human factors. Climate change is causing global temperature increases, melting of
polar ice caps, rising sea levels, and extreme weather events. The significant impact of these
changes on meteorological variables such as temperature and precipitation, which disrupt
hydrological order. By using general atmospheric circulation models as advanced and
comprehensive tools for simulating and predict climate changes, dynamic and thermodynamic
atmospheric processes can be modeled. Therefore, this study aimed to predict climate change
under the Sixth Report models in the Bakhtegan-Maharloo watershed.

Materials amd Methods

In this study, daily precipitation and minimum and maximum temperature data from five
synoptic stations of Arsanjan, Neyriz, Safashar, Shiraz and Takht Jamshid were used. Climatic
parameters were downscaled using the models of the Sixth Report of the Intergovernmental
Panel on Climate Change using the LARS-WG model. The selection of station type was
selected based on data adequacy, dispersion and climatic diversity in the watershed. In this
study, using three scenarios SSP126, SSP245 and SSP585, the output of three models ACCESS-
ESM1-5, CNRM-CM6-1, and MRI-ESM2-0 was used. Using the LARS-WGS8 statistical model,
downscaling and correction of precipitation and minimum and maximum temperature data were
performed to increase the accuracy of the predictions. Finally, the climate projection was
calculated for the period 2026 to 2045. Then, daily precipitation and temperature data from the
Bakhtegan-Maharloo synoptic stations were processed and compared them with the base period.
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Results and Discussion

The results of the ACCESS-ESM1-5 model showed that the difference between the average
precipitation of the base period and the future was significant at the 95% confidence level, and
predicted higher precipitation compared to the other two models was related to the ACCESS-
ESM1 models, and the estimated magnitude of the CNRM-CM6-1 and MRI-ESM2-0 models
was closer to the baseline values. The trend of predicted maximum temperature at all stations
and scenarios was increased compared to the observational data and was estimated to be
significant and upward at the 95% confidence level. The average annual maximum temperature
increased from 24.8°C to 26.9°C. The highest predicted maximum temperature was for the
CNRM-CM6-1 model. Shiraz and Persepolis have the highest temperatures. The trend of
minimum temperature was increasing in all station. The watershed average minimum
temperature increased from 9.7°C to 11.5°C (in the SSP585 scenario), indicating warmer nights
and a decrease in nighttime cold. The highest predicted minimum temperature compared to
other models was for the CNRM-CM6-1 model. The range of predicted changes in watershed
precipitation was from 248.9 to 288.7 mm, and the range of predicted changes in maximum and
minimum temperature was from 26 to 26.9 and 11 to 11.9 °C, respectively.

Conclusion and Suggestion

Based on the results of this study, the increasing trend in precipitation and temperature
(maximum and minimum) was consistent with the severity of greenhouse gas emission intensity
scenarios, indicating that the Bakhtegan-Maharlu region will become warmer and relatively
wetter in the future. The differences between the models indicates the lack of certainty in the
projections, which necessitates the use of multiple models and scenarios to reduce decision-
making risk. These changes require careful planning and adaptation for water resource
management, agriculture, and public health in the region. Based on the results of this research in
the Bakhtegan-Maharloo watershed, it is suggested that the cultivation pattern be changed
towards low-water-intensive crops in order to reduce water consumption and increase climate
resilience. In addition, the use of smart irrigation and the implementation of watershed and
aquifer management plans are also recommended. To improve the sustainability of underground
resources, participatory resource management, operator training, and monitoring of
unauthorized wells are recommended. Also, for effective adaptation to climate change, it is
suggested to diversify rural livelihoods by developing green and sustainable jobs.

Keywords: Bakhtegan-Maharlu watershed, SSP scenarios, LARS-WG model, Sixth Report
models
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