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Abstract

Wheat, as a strategic crop, is highly influenced by climatic hazards. This study aimed to present a framework
for evaluating the relative risk of climatic stresses—namely heat stress, cold stress, and hot wind—across
different growth stages of wheat in the Mashhad region. In this study, long-term meteorological data over a 40-
year period and expert-based information on wheat phenology were collected through interviews. Climate risks
during various growth stages were calculated using fuzzy modeling based on the intensity and probability of
each event, in order to assess wheat sensitivity at different stages. The results showed that the pollination and
milk development stages experienced the highest risk due to heat and hot wind, which led to reduced fertilization
and decreased grain quality. In contrast, cold stress predominantly affected early growth stages such as
germination and tillering. A comparison of cumulative risk values indicated that cold stress, with a risk level of
132, posed a more significant threat in the Mashhad region than heat stress, which had a risk level of 115.
Conversely, tillering and stem elongation stages showed the lowest level of risk to all three types of stress.Based
on the findings, recommended strategies include adjusting planting time, applying supplemental irrigation, using
windbreaks, and cultivating resistant varieties. These actions can reduce the negative effects of climate change
and enhance the sustainability of wheat production in Mashhad.
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