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Abstract
Background and Objectives
Climate change, particularly variations in temperature and precipitation, is a critical topic in
environmental sciences. Its significance stems from both scientific and practical dimensions,
including environmental and socio-economic impacts. Human systems reliant on climatic factors,
including water resources, agriculture, and industries, are designed and operated based on climate
stability. The impact of climate change on water resources is especially significant and requires
further investigation, particularly in arid and semi-arid regions such as southern Iran, especially
Hormozgan Province. Located within the arid belt and desert strip, Hormozgan experiences low
annual precipitation, harsh and fragile ecosystems, and prolonged drought periods. Therefore,
projecting future climatic conditions and water availability is crucial for informed long-term
decision-making and sustainable management of the province’s natural resources, aiming to
prevent declines in ecological capacity.
Methodology
Hormozgan Province’s location in a dry belt and desert strip exposes it to fragile environmental
conditions and extended droughts. Considering multiple parameters, available potential water
serves as a suitable indicator for studying long-term climate change and desertification. This study
evaluates several CMIP6 models to investigate changes in temperature, precipitation, potential
evapotranspiration, and the available potential water index in two future periods—the near future
(2031-2060) and the far future (2071-2100)—compared to the observation period (1993-2023)
under the SSP2-4.5 and SSP5-8.5 shared socio-economic pathways. Daily temperature and
precipitation data for six meteorological stations were obtained from [http://data.irimo.ir.
(http://data.irimo.ir). Additionally, precipitation and average temperature outputs from 14 CMIP6
models for the base period (1993-2014), near future, and far future were extracted from the ESGF
database (Table 1). Two SSP scenarios were applied: SSP2-4.5, representing moderate socio-
economic development and medium radiative forcing, and SSP5-8.5, representing high fossil fuel
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consumption. Climate models were downscaled using linear scaling bias correction (LSBC) for
temperature and the delta change factor (DCF) method for precipitation. Model performance was
evaluated using RMSE, MSE, MAE, R, and R2 criteria. The IWM method was applied to
ensemble-selected models to improve reliability and reduce uncertainty. Changes in temperature,
precipitation, potential evapotranspiration, and available potential water were then predicted for
the two future periods and compared to the observation period. Trends in the available potential
water index were analyzed using the non-parametric Mann—Kendall test and Sen’s slope
estimator.

Results

The ensemble models demonstrated adequate accuracy for simulating temperature and
precipitation. Forecasts indicate that near-future precipitation will decrease by 10% and 14.5%
under SSP2-4.5 and SSP5-8.5, respectively. In the far future, precipitation is projected to decline
by 5.5% and 32.6%, respectively, compared to the base period. Overall, average precipitation is
expected to decrease by 12.2% in the near future and 20.7% in the far future in Hormozgan
Province. Meanwhile, temperature is projected to increase by 1.7°C in the near future and 3.3°C
in the far future relative to the observation period.

Conclusion

As a result, potential evapotranspiration is expected to rise, while available potential water
decreases. In the near future, potential evapotranspiration and water shortage are projected to
increase by 5.02% and 8.9%, respectively. In the far future, these increases are expected to reach
12.5% and 17.3%, respectively. Time-series analyses of these variables confirm these trends. The
findings provide a strategic tool for policymakers and water resource managers in Hormozgan
Province to support sustainable planning and adaptation to climate change.
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Table 1- Geographical characteristics of the meteorological stations under study

Station Lat Lon ELV (m)
Bandarabbas 27.21 56.37 9.8
Bandar-e-Lengeh 26.53 54.83 22.7
Jask 25.64 57.77 5.2
Abumusa island 25.87 55.01 6.6
Hajiabad 28.31 55.91 931.2
Minab 27.11 57.09 29.6

(Rao and Garfinkel, 2021) _i» 53 cnl 55 oslial 55 56 CMIP6 b Jos Slasie -Y Jsi>
Table 2- Specifications of CMIP6 models used in this research (Rao and Garfinkel, 2021)

Models resolution (degree) country
ACCESS-ESM1-5 1.88 x 1.25 Australia
AWI-ESM-1-1-LR 0.94 x0.94 Germany

EC-Earth3-CC 0.35 x 0.35 Europe
MIROC6 14x14 Japan
MPI-ESM1-2-HR 0.94 x0.94 Germany
MPI-ESM1-2-LR 0.94 x0.94 Germany
CESM2-WACCM 0.94 1.25 x USA
CMCC-CM2-SR5 1.25 % 0.94 Italy
CMCC-ESM2 0.94 x1.25 Italy
FGOALS-f3-L 1125x China
GFDL-ESM4 1x1.25 USA
INM-CM5-0 1.5x2 Russia

NorESM2-MM 2.5x%x1.89 Norway
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Table 3- Evaluation of the performance of CMIP6 models investigated in the simulation of temperature and

precipitation in the study area

No Model Temperature Precipitation
R R? MSE RMSE MAE R R? MSE RMSE MAE
1 ACCESS-ESM1-5 0.95 0.91 24.81 4.96 4.45 0.10 0.05 463.81 16,13
2 AWI-ESM-1-1-LR 0.99 0.98 6.97 2.53 2.29 0.46 0.28 246.31 15.35 10.54
3 CESM2-WACCM 0.99 0.97 6.97 241 2.08 0.60 0.37 140.25 11.59 8.59
4 CMCC-CM2-SR5 0.99 0.99 6.87 2.28 2.04 -0.24 0.07 212.19 17.29 12.50
5 CMCC-ESM2 0.99 0.99 6.52 2.17 1.95 0.15 0.04 297.57 16.86 12.25
6 EC-Earth3-CC 0.99 0.98 4.67 1.92 1.70 0.63 0.41 204.95 13.87 9.04
7 FGOALS-f3-L 0.98 0.96 13.22 3.45 3.26 0.85 0.73 230.06 12.93 9.36
8 GFDL-ESM4 0.99 0.98 12.70 3.23 2.89 0.45 0.20 211.23 1431 10.27
9 INM-CM5-0 0.97 0.94 13.80 3.36 2.76 -0.15 0.18 286.44 16.44 13.94
10 MIROC6 09 09 7638 [EEH 69 035 012 26326 1857 1242
11 MPI-ESM1-2-HR 0.99 0.98 7.22 2.49 2.23 0.69 0.50 217.39 14.19 9.43
12 MPI-ESM1-2-LR 0.99 0.98 10.08 3.12 2.69 0.51 0.35 253.54 15.53 10.17
13 MRI-ESM2-0 0.99 0.97 12.87 3.17 2.81 0.78 0.60 144.56 11.29 8.18
14 NorESM2-MM 0.99 0.99 5.86 1.94 1.83 0.62 0.46 144.93 11.61 8.84
14 Ensemble 0.99 0.99 45 1.9 1.7 0.7 0.50 1445 116 8.9
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Figure 2- Observed and simulated values of temperature and precipitation in the studied meteorological stations
.during the basic statistical period
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Figure 3— Precipitation changes in the studied weather stations in the future periods compared to the obsrvation

period, according to the studied scenarios.

2550 Ol ek o S 5 cp e ey o0 Al 000 4 S
6\.&0\&1}-&)‘\Q‘Lﬁf%jdew)jé)}ab)jéjbjh).i

el S s Bl 8 s 20 gl

&aja.uja)ﬁ):c\fa\a olid 55 s Ol ek ) 0
andlas 5, 50 ailaie 3 Lo gie 5 sbay Los iy 6553 4 o
ol el sl gl sl esede A 0 /YU /P e

Uil ) e gmads 4 55 ¥/ \S\’Ag)ya,\.:gja)y).so\ﬁa



YyYv

0593 33 53 Ol ol ASoosba s als Suas

a5 Y/0 5 Y/Y 4 Cui o4 4l )00 4 Cad 550

(F UK2) col amla al 581 e pendas

2031-2060

mObs

= 8SP2-4.5 @SSP5-8.5

Temperature (Degree Celsius)
I

Ay

Temperature (Degree Celsius)

Yool VY il oLl 0l 5 @ e Olados ke 4y s

95 55 adlllas 5,50 aibate ;3 Les ()5 SSP2-45 (g5 5l
(YoVA=YN e 5 YorN=YeFe) s 5550 0dn] 650
gt 4250 Y/Y 5 VY 4wl e 4 Cud

SSP5-8.5 ol Lolal y Ol cpl ol oo 2l 53

mObs @ SSP2-4.5

mS8P5-8.5
=R =

2071-2100

e

Station

350 sl S8 4 Slwlis 5595 Ay G 2051 sWro,y 55 55 anflan 3, 40 sl ST T PRRCH T TS

s

Figure 4— Temperature changes in the studied weather stations in the future periods compared to the

observation period, according to the investigated scenarios.
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Figure 5— Changes in evaporation and transpiration by Torrent-White method in the meteorological stations

under study in the future periods compared to the observation period according to the investigated scenarios.
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Figure 6— Changes in the available potential water in the studied weather stations in the future periods

compared to the observation period, according to the investigated scenarios.
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Table 4- Changes in precipitation, evaporation and transpiration and available potential water during the observation period in the study stations

Variable Station Sen’s Slope Mann-Kendal significance level
Abumusa -2.816 -1.51
Bandar-e-lengeh -4.489 -2.22 *
. Bandar Abbas -3.748 -1.73 +
Water potential B

Haji Abad 6.534 1.41
Jask -3.489 -2.41
Minab -2.312 -0.99
Abumusa 2.283 2.60

Bandar-e-lengeh 3.115 3.09 sk

Bandar Abbas 2.108 2.68 ek

Evapotranspiration Haji Abad -2.275 -1.92 +
Jask 2.282 3.17
Minab 4.02 -0.99
Abumusa -1.123 -0.91
Bandar-e-lengeh -0.959 -0.64
o Bandar Abbas -2.003 -0.99

precipitation .

Haji Abad 4.883 1.24
Jask -1.541 -1.29

Minab 0.131 0.10
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Figure 7- Time series of potential evaporation and transpiration changes in the studied weather stations during
the period under study
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Figure 8- Time series of potential water changes available in the studied meteorological stations during the
studied period
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