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Introduction

Climate change is one of the fundamental and influential challenges of the twenty-first century, which, through
consequences such as reduced precipitation, rising temperatures, changes\in secasonal patterns,‘and the intensification of
extreme events, has increased the vulnerability of agricultural production systems, patticularly in semi-arid regions. This
challenge leads to yield reduction, greater uncertainty in production, and decreasedi\economic sustainability for farmers.
Under such conditions, adaptation strategies such as the use of drought-toletant crops'play a critical role in adjusting to
future circumstances. Safflower, as a low-water-requiring oilseed—medicinal‘crop that is tolerant to heat and drought
stresses and suitable for cultivation in water-limited, areas, is one ‘of the key options for adapting to climate change.
Therefore, evaluating the agronomic and economic perfofimance ofi.thisrop, within cropping systems of sensitive regions
is of great importance. The present study was conducted to assess the effects of climate change on crop yields and to
examine the economic adaptation potential of safflower in the Hamedan—Bahag Plain.

Materials and Methods

To project climate change, outputs \from General Circulation Models (GCMs) of the CMIP6 ensemble, including
ACCESS-CM2, ACCESS-ESM1-5, MPIRESM1-2-HR, GFDL-ESM4, and MRI-ESM2-0, were used under three
scenarios: SSP1-2.6, SSP2-4.5, and, SSP3-7.05To reduce,uncertainty and correct the statistical bias of the climate model
outputs, the Quantile Mapping (QM) bias-correction method was applied. Projections were performed for two future
periods: 2026-2050 and»2051-2075. After, generating future'climate data, the effects of these data on the yields of
cropping-system field cropshand the oilseed—medicinal crop safflower were simulated using the DSSAT crop growth
model. Baseline datawere collected through questionnaires completed by 360 farmers during the 2023-2024 (1402—1403)
cropping year. Subsequently, ‘theysimulated yield\data under future conditions were incorporated into a Positive
Mathematical Programming (PMP) model representing the extended economic cropping-pattern model of the Hamedan—
Bahar Plaifiito evaluate the economic impacts of glimate change and the consequences of yield variation on optimal land
allocation and agriculturalmet\profit.

Results and Discussion

The climate,projeetions indicated that the Hamedan—Bahar Plain will experience a decrease in average precipitation in
both future periods (20262050 and 2051-2075) under all three climate scenarios. Minimum temperature, maximum
temperature, and%&rence evapotranspiration also exhibited increasing trends. Overall, these changes had adverse effects
on the yieldsyof most major field crops in the region, and the DSSAT simulations confirmed their yield reductions. In
contrast, safflower showed a favorable response to climate change across all scenarios and periods, with its yield
increasing by 4 to 7 percent. Incorporating these data into the PMP model showed that, under climate change conditions,
the cropping pattern shifts toward expanding safflower cultivation. The economic model results revealed that safflower’s
cultivated area increases by approximately 189 hectares, and this cropping-pattern adjustment leads to an increase of more
than 9.02 billion tomans in the agricultural sector’s net profit compared to a scenario in which safflower is not included
in the cropping pattern. These findings highlight the significant economic role of safflower in improving farmers’ income
and reducing their vulnerability to future climatic conditions.

Conclusion

The present study demonstrated that climate change in the Hamedan—Bahar Plain will be accompanied by reduced
precipitation and increased temperature changes that threaten the stability of most existing field crops. However,
safflower, due to its inherent tolerance to water scarcity and high temperatures, shows compatible and even enhanced
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performance under future conditions. The economic results also confirm that expanding safflower cultivation constitutes
not only a biological adaptation strategy but also an economically viable adaptation measure, capable of increasing
farmers’ income, reducing production risks, and strengthening the resilience of agricultural systems. Accordingly, it is
recommended that safflower be promoted as a high-potential oilseed—medicinal crop in regions similar to the Hamedan—
Bahar Plain. Moreover, this strategy can be employed alongside other risk-management and climate-adaptation measures
to improve the economic and environmental sustainability of the agricultural sector.
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Table 2. The accuracy indices of climate models

Joe Blao sl Sk Sl gl 2 Sle U Sl e S0l 4l eSSl 2
Model MAE MBE RMSE NSE
(ogskee) 21
Precipitation (Amm)
ACCESS-CM2 0.063 13.70 16.60 0.57
ACCESS-ESM 0.015 30.40 48.10 | ) -0.75
GFDL-ESM4 0.184 6.70 7.80 0.91
MPI-ESM1-2-HR 0.022 7.10 8.20
MRI-ESM2-0 0.054 12.90 17.70

(1,5 6l ax,0) Los aniny
Maximum Temperatures (A°C) ‘

ACCESS-CM2 0.035 3.21 5.
ACCESS-ESM 0.028 6.74 .
GFDL-ESM4 0.030 0.96 0.97
MPI-ESM1-2-HR 0.043 1.10 0.96
MRI-ESM2-0 0.035 3.67 0.67
O3 le ax,0) L
Minimum Temperature
ACCESS-CM2 -0.026 ‘ 3 4.96 0.67
ACCESS-ESM -0.056 ﬁ_% 4.35 -0.62
GFDL-ESM4 -0.001 0.95 1.03 0.96
MPI-ESM1-2-HR -0.051

MRI-ESM2-0 -0.017
Source: Research findings
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anges in Climatic Components in Future Periods According to
Climate Scenarios Relative to the Historical Period

SSP1-2.6 g4, SSP2-4.5 4l SSP3-7.0 s,
Scenario SSP1-2.6 Scenario SSP2-4.5 Scenario SSP3-7.0
Glogske) 31
Precipitation (Amm)
2026-2050 -9.19 -18.20 -32.63
051-2075 -21.29 -32.26 -37.34

(o5 il ax0) Lo ariy

Maximum Temperatures (A°C)
2026-2050 0.45 0.81 1.26
2051-2075 0.57 0.89 1.34
(o5 silo 4> 50) Lo aeS

Minimum Temperatures (A°C)
2026-2050 0.52 0.67 0.80
2051-2075 0.71 0.72 0.88




(039 o ko) g yo (3 25— s

ETo (Amm/period)
2026-2050 0.62 2.03 2.73
2026-2050 4.25 5.71 2.73

Source: Research findings
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Table 3. Statistical indices for evaluating the performance of the DSSAT model in the Hamedan—Bahar Plain

7L

MAE (t/ha) MBE (t/ha) RMSE (t/ha) NSE
Parameter
oS
R 0.43 0.27 0.82 0.99
Crop yield

Source: ResemchWings
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Barley - -2.39 -2.93 3.72
-10
Beans - -2.88 -2.88 3.60
Canola - -1.18 -1.18 1.18
Chickpea - -3.48 -4.35 5.22
Clover - 0.00 -0.27 0.54 -0
Cucumber - -2.04 -2.37 2.99
Fodder corn - -0.19 -0.06 0.12
. =
Garlic - -0.21 -0.28 0.34 <
@ --10 5
=N g
= Potato - -0.03 -0.41 1.00 2
Q o
Rainfed barley - 2.19 2.73 -3.28 =
&
Rainfed watermelon - -4.05 -12.16 -20.27 —20
Rainfed wheat - -6.67 -11.11 -15.56
Sugar beet - -0.06 -0.12 -0.19
Tomato - -2.53 -2.87 -3.46 —30
Watermelon - -2.30 -2.43 -2.72
Wheat - -1.90 -2.28 -2.66
Rainfed safflower - 16.67 11.11 3.70
Scenario 1 Scenario 2 Scenario 3

Climate scenarios
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Fig 3. Percentage Change in Average Cultivated Area of Crops Under Future Climate Scenarios (2026-2075)
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Table 6. Forecasting the changes in gross agricultural profit in climate scenarios (billion Tomans)
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SSP1-2.6 864.15 863.85 870.09 6.24

SSP2-4.5 864.15 860.82 869.68 8.86

SSP3-7.0 864.15 856.04 868.02 11.98
Source: Research findings
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