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scenarios, Global climate Climate change poses a substantial threat to agricultural productivity, particularly
models through heat stress, in regions such as Qazvin Province, a key agricultural hub in
Iran. This phenomenon affects strategic crops, including wheat, maize, and barley,
by altering the temporal patterns of heat stress, its frequency, intensity, and duration,
which can disrupt physiological processes and reduce yields. Despite existing studies
on temperature impacts, there is a lack of comprehensive regional analyses of heat

stress dynamics under modern climate scenarios in semi-arid areas like Qazvin. This

research aims to evaluate the temporal patterns of heat stress on these crops and assess
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12 Jul 2025 its effects on their yields under the SSP2-4.5 and SSP5-8.5 scenarios, using historical
and projected data to inform adaptation strategies that agricultural resilience and food
. security.
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Materials and Methods
Accepted: The study focused on Qazvin Province, utilizing data from the Qazvin synoptic station.
10 Aug 2025 Historical maximum daily temperature data from 1997-2014 served as the baseline.

Future projections (2025-2099) were derived from five global climate models (GCMs):
CNRM-CM6-1, CanESMS5, GFDL-ESM4, HadGEM3-GC31-LL, and MIROCS6,
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downscaled via the NEX-GDDP dataset at 0.25° x 0.25° resolution. An optimized ensemble
approach was applied, weighting models based on root mean square error minimization during the
baseline period. Heat stress was defined by crop-specific temperature thresholds: 30°C for wheat,
35°C for maize, and 31°C for barley. Frequency, intensity (maximum temperature during stress),
and maximum consecutive duration were calculated over crop growing seasons. Yield impacts were
estimated using provincial data from the Ministry of Agriculture Jihad. Model performance was
evaluated using mean bias error (MBE), mean absolute error (MAE), and root mean square error

(RMSE).

Results and Discussion

The optimized ensemble model demonstrated superior performance in simulating baseline maximum
temperatures, with reduced errors (MBE: -0.16°C, MAE: 3.13°C, RMSE: 4.04°C) compared to
individual GCMs. It also accurately replicated heat stress frequency for the crops, with RMSE
values of 2.6% for wheat, 4.2% for maize, and 2.7% for barley. Under future scenarios, heat stress
frequency increased markedly, particularly under SSP5-8.5: for wheat, from 12.8% baseline to over
23% by 2099; for maize, from 37.3% to nearly 100%; and for barley, from 10-14% to over 25%.
Intensity rose by up to 7.3°C for wheat/barley and 7.6°C for maize under SSP5-8.5, while maximum
consecutive duration extended from 27 days (wheat), 22 days (barley), and 23 days (maize) baseline
to 51, 49, and 140 days, respectively. These changes led to significant yield reductions: wheat from
4.20 to 3.00 t/ha, barley from 3.80 to 2.18 t/ha, and maize from 37.9 to 33.1 t/ha under SSP5-
8.5. Maize emerged as the most vulnerable crop due to its summer growing season overlapping
with peak heat. The findings align with global studies, emphasizing the amplified risks in semi-arid
regions and the greater impacts under high-emission scenarios, necessitating shifts in planting dates,

heat-resistant varieties, and water management.

Conclusion

This study underscores the escalating heat stress threats to wheat, maize, and barley in Qazvin
Province under climate change, with profound implications for yields and regional food security.
The projected increases in frequency, intensity, and duration, especially under SSP5-8.5, highlight
the urgency of adaptation measures such as developing resilient crop varieties, optimizing planting
schedules, and enhancing irrigation efficiency. Policymakers should prioritize integrated strategies
for water resource management and infrastructure development to bolster agricultural resilience.
Future research could extend to other crops and incorporate socioeconomic analyses to refine policy

frameworks for sustainable agriculture amid ongoing climate challenges.
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