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Introduction. Climate change and its impact on agriculture has become a very important issue worldwide. Climate change is
generally associated with global warming, which is caused by the obvious increase in greenhouse gas emissions. The effects of
climate change can be harmful or beneficial for agriculture, depending mainly on the region and the type of crop. The impact of
climate change on crop production has been studied using global circulation models (GCM) along with crop growth simulation
models under different scenarios in different parts of the world. The studies of crop yields in recent years show an increasing
trend due to advances in technology (such as new varieties and agricultural management methods, etc.). An analysis of the 50-
year trend of wheat production in Iran also shows that the increase in wheat production in the country, especially in recent years,
was not due to an increase in the cultivated area, but mainly due to an increase in yield per unit area, which is due to technological
development in production. Therefore, to accurately estimate future yield changes, it is necessary to consider technological
development as an influential factor in addition to changes in climate variables and CO; effects.

Materials and Methods. In the study, the Coupled Model Intercomparison Project Phase 6 (CMIP6) was used to investigate the
future climate situation using two scenarios (SSP585 and SSP245). To simulate wheat growth, the DSSAT-Nwheat model in
DSSAT software, which effectively simulates crop growth, development, and yield, was utilized. In order to parameterize and
validate the model, data from field experiments conducted for the compatibility of promising wheat genotypes and lines at the
country's grain research stations in the main wheat production regions of the country were used. In each region, data from two
years 2019 and 2020 were used to parameterize the model, and data from two years 2021 and 2023 were used to evaluate the
model. To evaluate the model, the normalized root mean square error (NRMSE) and the model efficiency (EF) criterion were
used. Comparison of the fitted linear regression between the simulated (y) and observed (x) data with the 1:1 line was also used
to evaluate the model. To quantify the impact of technological advancements on future wheat yields, the method developed by
Ewert et al. (2005) was utilized. To calculate the impact of CO- on wheat yield, the future CO. concentration was first estimated,
and then the increase in yield per unit increase in CO, was evaluated. Finally, the combined effects of influencing factors (climate
change, CO:, and technological development) on wheat yield in future conditions were estimated.

Results and Discussion. The results of the climate model evaluation showed that the climate data have acceptable accuracy for
simulating climate variables, due to the low values of the NRMSE index. The crop growth model has an acceptable estimate for
simulating traits in wheat plants based on the NRMSE and ME statistical indices. Simulation of the effect of technological
development on wheat yield in future conditions in different scenarios showed that in all different regions of the country, the
effect of technology was positive compared to the baseline years, and the extent of this effect varied from 1% to 27%, depending
on the region, scenario, and time period. The results showed that an increase in carbon dioxide will lead to an increase in wheat
production in the future, such that the increase in production due to an increase in CO; varied from 2.6 to 27.8% compared to
the baseline years, depending on the year and scenario. Simulation of the effect of climate change on wheat production in
different regions of the country showed that climate change caused a decrease in wheat production compared to the baseline
years in both scenarios and in all time periods, the extent of this decrease varies by scenario, region, and time, ranging from 3%
to 86%. In general, the combined effects had the least impact in the first time period and the greatest impact in the third time
period on wheat yield in different regions. During the second period (2051-2075), the overall impact of various factors resulted
in a decrease in wheat yield across most regions compared to the base year. However, in some regions, such as Ardabil, Ilam,
Tehran, Zanjan, Sari, Shahr-e-Kord, Karaj, and Hamedan did not experience a decline in yield under the SSP245 scenario. In
the third period (2076-2100), the combined effects showed a negative and decreasing effect on wheat yield compared to the base
year in all regions of the country. The highest negative effect was observed in the Ahvaz region in the SSP245 scenario with a
57% decrease in production compared to the baseline years and the lowest negative effect was observed in the Ardabil region in
the SSP585 scenario with an 8% decrease in production compared to the baseline years.

Conclusion. It seems that the development of technology and carbon dioxide in the first and second time periods has the potential
to offset the negative effects of climate change, especially in cold regions of the country, and even in the first time period it has
led to an increase in wheat production compared to the base year. However, with the passage of time and in the third time period,
the negative effects of climate change have intensified and prevailed over the positive effects of technology and carbon dioxide,
leading to a decrease in wheat production, especially in tropical and arid regions.
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Table 1. The estimated CO, concentration under two climate scenarios of SSP245 and SSP585 in different time periods.
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Figure 1. Observed and simulated values of country climate variables for baseline year (1992-2022) and nRMSE index.
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Table 2. The calibration results of genetical coefficients for different wheat cultivars.
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Figure 2. The simulated versus observed values of seed yield, planting until flowering and planting until maturity in wheat and also
comparison with line 1:1.
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Table 3. The t-test result for comparing intercept and slope of line 1:1 with the fitted regression between observed and simulated values.
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Table 4. The values of relative wheat yield change for baseline year (1992-2022) in different regions of country.
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Figure 3. The trend of wheat yield increasing in different regions of country from 1992 to 2022.
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Table 5. Simulation results of technological advancement effect on wheat yield under two senarios of SSP245 and SSP585 in different regions of country.
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Figure 4. Simulation of CO, effect on wheat yield under two scenarios of SSP245 and SSP585.
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Table 6. Simulation of climate change effect on wheat yield under two senarios of SSP245 and SSP585 in different regions of country.
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Figure 5. Integrated effects (climate change, CO, and technological advancement) on wheat yield under different
climate scenarios and time periods.
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