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Table (1) Results of statistical parameters from comparing observed values and those generated by
the model
okl sla sl ok ayeS glod Al slod
Statistical indicators Precipitation Minimum temperature Maximum temperature
RMSE 1.20 0.05 0.07
MAE 2.91 0.14 0.19
MBE 0.35 -0.03 -0.02
NS 0.93 0.98 0.98
R? 0.96 0.98 0.98
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Figure (2) Validation Stage Climate Parameters (Precipitation, Minimum and
Maximum Temperature) for the LARS-WG Model
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Table (2) Investigating the effects of climate change on meteorological variables

| ggoome
PP 0)93 ske Ol b Oline -
ke
. . . . . Total
Variable Scenario Period Spring Summer Autumn  Winter
Average
4 73.63 6.83 102.03 119.88 302.38
base
2026-2050 71.01 6.37 100.06 116.12 293.56
ot SSP1-26  o4ls 2.62 -0.46 -1.97 3.76 -8.82
( . ) difference
rEsE 2026-2050 67.4 6.23 98.91 111.78 284.32
Precipitation o e
SSP2-4.5 Sl -6.23 0.6 312 -8.1 -18.06
(mm) difference
2026-2050 65.89 5.57 97.45 110.15 279.06
SSP3-7.0 9l -7.74 -1.26 -4.58 -9.73 -23.32
difference
4 6.98 12.49 -5.66 -13.88 -0.02
base
2026-2050 4.04 9.40 -3.86 -7.55 0.51
“eS sl gopiag - ol
Il =9 2.94 -3.09 +1.80 +6.33 +0.53
(o gdan) difference
Minimum 2026-2050 433 9.40 -3.24 -7.83 0.66
temperature  SSP2-4.5 o8 2.65 -3.09 242 +6.05 +0.68
(Celsius) difference
2026-2050 4.37 9.64 -3.22 -7.61 0.79
SSP3-7.0 Sl 2.61 2.85 +2.44 +6.27 +0.81
difference
qn
23.48 32.65 12.27 5.25 18.41
base
) L 2026-2050 23.56 32.73 13.21 6.42 18.98
SSP1-2.6 S5l +0.08 +0.08 +0.94 +1.17 +0.57
(o gmdan) difference
Maximum 20262050  23.73 32.84 13.89 6.4 19.22
temperature  SSP2-4.5 Sl +0.25 +0.19 +1.62 +1.19 +0.81
(Celsius) difference
2026-2050 24.17 32.88 14.13 7.50 19.67
SSP3-70  ols +0.69 +0.23 +1.86 +2.25 +1.25
difference

Source: Research Findings Gabos sloaidly iais
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Figure (3) Review of drought trends in the base period (1990-2014)
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Figure (4) Forecast results of three-month periods of the SPEI model for three climate scenarios



T ods soladl Ll

SSPL2E SSP24.35 SSPIT.0

2050
2049
2048
2047
2046
2045
2044
2043
2042
2041
2040
2039
2038
2037
2036
2035
2034
2033
2032
2031
2030
2029
2028
2027
2026

SPEI Value

Year

T8 9 10 11 12

soall (591 lw dw (51 SPET Juo olo i (500,93 guili (g 50 iy (B) JSW0

Figure (5) Forecast results of six-month periods of the SPEI model for three climate scenarios
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Figure (6) Forecast results of the SPEI model for twelve-month periods for three climate scenarios
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Table (3) Difference Between Current Cultivated Area and Projected Area from the Developed

Economic Model in the Absence of Sumac in the Cultivation Pattern in the Hamedan-Bahar Plain
(Hectares)

Difference Between Projected Cultivated Area and Baseline — s8 cuiS p; adaw

Cultivated Area Current Area Js
Y gyl Y gl Y gyl Under Crop Crop
Scenario 3 Scenario 2 Scenario 1
379 414 431 14302 g
Alfalfa
-1613 -1549 -1520 7666 Barley?
-36 -36 -37 104 by

Beans
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85 84 84 125 I
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30 31 33 48 e
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Table (4) Difference Between Current Cultivated Area and Projected Area from the Developed
Economic Model Upon Adding Sumac to the Cultivation Pattern in the Hamedan-Bahar Plain

(Hectares)
$9S CuiS o e b (639l S 5 s glis
Difference Between Projected Cultivated Area and Baseline g5 cuiS ) plaw J
Cultivated Area Current Area s
¥ gyl Y g0yl Y gyl Under Crop Crop
Scenario 3 Scenario 2 Scenario 1
-389 -424 -441 14302 Alfalfadsss,
-1628 -1564 -1535 7666 '
Barley
-36 -36 -37 104 bl
Beans
144 144 144 812 A
Cucumber
-1504 -1504 -1504 1510 Garlic yw
247 243 241 570 Sledsle &5
Forage corn
1616 1616 1616 1550 297
Peas
10666 10671 10674 13247 e
Potatoes
384 385 386 521 e
Clover
73 72 72 125 b

Rapeseed
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Watermelon
S
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Glow
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8503 8504 8505 16788
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- - 57822 &=
Total
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Table (5) Results of the agricultural sector net profit from the developed model of Hamedan-Bahar
Plain (billion 10IRR)
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Extended Abstract

Introduction

Drought and water scarcity pose major challenges to agriculture in arid and semi-
arid regions. By constraining water availability, they can affect cropping patterns
and reduce the profitability of agricultural production. The Hamadan—Bahar
Plain is increasingly exposed to these challenges as precipitation declines and
temperatures rise. Under such conditions, adjusting cropping patterns and
introducing plant species suited to water-limited environments are potential
strategies for climate change adaptation. Sumac (Rhus coriaria L.), a medicinal
and industrial plant, offers a potential option for diversifying regional cropping
patterns. However, few studies have jointly examined projected drought
conditions and the economic implications of incorporating sumac into regional
cropping patterns. This study therefore aimed to project future climate conditions
and assess drought in the Hamadan—Bahar Plain over the period 2026-2050,
while evaluating the economic effects of incorporating sumac into the cropping
pattern in terms of the agricultural sector’s net profit. The study’s contribution
lies in linking climate projections and drought assessment with economic
modeling to evaluate sumac cultivation as a potential adaptation strategy under
increasing water constraints.

Materials and Methods

Meteorological data on precipitation and minimum and maximum temperatures
for 1990-2023 were obtained from the Hamedan Airport synoptic station of the
Iran Meteorological Organization. Climate conditions for 2026-2050 were
projected using the LARS-WG stochastic weather generator and outputs from
the GFDL-ESM4 global climate model within the Coupled Model
Intercomparison Project Phase 6 (CMIP6) framework. Three climate scenarios
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were considered: SSP1-2.6, SSP2-4.5, and SSP3-7.0. Drought severity and
frequency were assessed using the Standardized Precipitation—
Evapotranspiration Index (SPEI) at 3-, 6-, and 12-month timescales. Based on
the projected drought conditions, irrigation water availability was reduced by
5%, 10%, and 15% under the respective scenarios. For the economic analysis,
data from 360 questionnaires completed by farmers during the 1401-1402
agricultural year (2022-2023), together with supplementary agricultural data,
were used to extend the regional economic model based on Positive
Mathematical Programming (PMP). The model was used to simulate and
compare optimal cropping patterns and the agricultural sector’s net profit under
alternative scenarios with and without sumac, considering different levels of
reduced irrigation water availability.

Results and Discussion

The climate projections indicated that the Hamadan—Bahar Plain is expected to
experience declining precipitation and rising temperatures over the period 2026—
2050. Relative to the baseline period, precipitation was projected to decrease by
approximately 2.9%, 6.0%, and 7.7% under SSP1-2.6, SSP2-4.5, and SSP3-7.0,
respectively. The SPEI results also indicated that drought events are expected to
persist and become more frequent, potentially further constraining agricultural
water availability and increasing pressure on groundwater resources. The
economic simulations showed that incorporating sumac into the cropping pattern
under all three scenarios would increase its cultivated area by 60 hectares, from
31 hectares under baseline conditions to 91 hectares in the future period.
Comparing the scenarios with and without sumac also indicated an economic
advantage associated with including this crop. The study reported an average net-
profit advantage of 14.38 billion 10IRR when sumac was incorporated into the
cropping pattern. Overall, the findings suggest that sumac cultivation could offer
an economically viable adaptation option under reduced irrigation water
availability and help reduce the agricultural sector’s economic vulnerability to
drought.

Recommendations

The findings suggest that expanding sumac cultivation should be considered as
one potential drought adaptation strategy, taking into account the climatic and
economic conditions of the Hamadan—Bahar Plain. Farmer training in efficient
water management, appropriate pruning practices, and proper sumac harvesting



should also be encouraged. In parallel, wider adoption of water-saving irrigation
methods could improve water-use efficiency and contribute to the conservation
of water resources. Further research should examine additional meteorological
stations and evaluate the suitability of other drought-tolerant medicinal and field
crops for regions with similar climatic conditions.
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