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In this study, we examined the impact of climate change on the virtual
water content of key crops in Kerman province for future periods.
Specifically, we utilized the climatic data from the HadCM3 model under
the RCP4.5 radiative forcing scenario. The model was calibrated and
validated for the base period of 1991-2011. We predicted the precipitation
levels, as well as the maximum and minimum temperatures, for selected
stations from 2011 to 2070 using data from LARS-WG. These predictions
were then compared to the base period. The virtual water content was
calculated for three selected crops: alfalfa, barley, and wheat. Our
findings indicate that climate change has a significant impact on
evapotranspiration and the performance of these crops, consequently
affecting future agricultural water productivity. As we project an increase
in average temperature during the growing season due to climate change,
it is worth noting that the maximum temperature parameter will be more
affected by this phenomenon than the minimum temperature. This, in
turn, will lead to increased water requirements and plant evaporation-
transpiration during this period. Our research also reveals a decrease in
precipitation during hot seasons and an increase during cold seasons
across all study stations. Notably, the virtual water content for all crops
studied demonstrates an upward trend, with barley and wheat showing the
greatest average increase in the future period. Specifically, the Kerman
station exhibits a substantial increase in virtual water content for barley
and alfalfa products, at a minimum of 30% higher than the base period.
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Introduction

Agriculture is the world's largest consumer of freshwater, accounting for approximately 70%
of total resource use. Given these issues, the strategy to address water scarcity in agriculture
and increase the water productivity of the product is very important. In order to combat water
scarcity in agriculture and meet people's food needs, it is necessary to estimate the actual
amount of water consumed by agricultural products. On the other hand, the ever-increasing
increase in greenhouse gases due to industrial growth, land use change, and environmental
degradation has caused the temperature of the Earth's atmosphere to rise, and in addition, has
affected other climatic variables and caused the phenomenon of climate change. The term
"virtual water" was first introduced by Allen. Estimation of virtual water import and export
on an international and domestic (provincial) scale for optimal use of water and land
resources of the country based on the potential of each region can be considered as an
effective solution. Domestic virtual water trade with optimal use of internal resources and
capacities can reduce national water consumption and increase the production of agricultural
products. In other words, virtual water is the amount of water that a commodity or
agricultural product consumes during the production process to reach the stage of
development, and its amount is equal to the total amount of water consumed in the different
stages of the production chain from the beginning to the end. According to the importance
and results of the research, in Iran, due to the extent of climatic diversity and the prevalence
of agriculture in these regions and the limitation of water resources, it is necessary to study
the virtual water of agricultural products and evaluate climate change. The results of various
research show that climate change will take place in Iran in the future and will certainly have
consequences on the environmental, agricultural, and water resource systems. Therefore, in
this article, the effects of climate variability on the amount of virtual water of agricultural
products (wheat, barley, and alfalfa) in some cities of Kerman province in the future have
been investigated using the LARS-WG statistical microscale model and using the outputs of
the HadCM3 model under the greenhouse gas scenario RCP4.5, which has not been
considered in previous research.

Material and Methods

Kerman, Bam, Sirjan, and Kahnuj were selected as the four stations for this study due to
their common statistical period and cultivation of similar strategic crops. The meteorological
data from these stations in Kerman Province, specifically Kerman, Bam, Sirjan, and Kahnuj,
was used because it provided complete statistical data from 1991 to 2011. In order to
calculate the evapotranspiration of alfalfa, barley, and wheat, the meteorological information
was utilized, and the Hargreaves-Samani model was employed to determine the daily
potential evapotranspiration. To evaluate the feasibility of generating and simulating future
meteorological data, the LARS-WG model was utilized. The base period for this analysis,
which included data from all stations, spanned from 1991 to 2011. Consequently, the years
1991 to 2000 were used for measurement, while the years 2001 to 2011 were utilized for
model verification and evaluation. The LARS-WG data were then utilized to predict
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precipitation as well as the maximum and minimum temperatures for the selected stations
from 2011 to 2070. Lastly, the virtual water content for the selected crops, namely lucerne,
barley, and wheat, was calculated due to their strategic importance, large cultivation areas,
and the availability of comprehensive statistics in the study area.

Results and Discussion

According to the results obtained during the period of 2020, the maximum changes in
precipitation, approximately 8%, occur in December, whereas the minimum changes occur
in September and July. Moreover, in the period of 2060, the changes in maximum and
minimum temperature compared to the observation period for the given scenario increase
from June to November. Based on the obtained results, there is an increasing trend in the
amount of evapotranspiration for the studied agricultural products. The largest increase in
evaporation and transpiration is observed in the lucerne crop during the second projection
period (15%), while the smallest increase is observed in the barley crop during the first
projection period (3%) and in the wheat crop during the second projection period (7%). The
amount of virtual water obtained for all the studied agricultural products also exhibits an
increasing trend. However, this increase for the barley and wheat crops shows an average
increase until 2070. For instance, at the Sirjan station, the amount of virtual water for the
wheat crop will reach 4.8 m3/Kg. The amount of changes in the virtual water of the barley
crop reaches 4.9 m3/Kg, and the maximum amount of virtual water for the lucerne crop will
be equal to 1.2 m3/Kg.

Conclusion

The findings of the present study suggest that climate change has had a significant impact
on the evapotranspiration and yield of alfalfa, barley, and wheat, thereby affecting future
agricultural water productivity. While the average temperature during the growing season is
projected to rise as a result of climate change, it is anticipated that the maximum temperature
parameter will be more profoundly affected than the minimum temperature. Concurrently,
plant evapotranspiration, yield, and profit are expected to increase during this period.
Rainfall, based on evapotranspiration, transpiration, irrigation, and precipitation, is also
predicted to increase. The virtual water content for all crops examined is expected to
increase, with barley and wheat showing a greater increase on average in the future. The
most substantial rise in virtual water content compared to the base period is observed at the
Kerman station, with a minimum increase of 30% for barley and alfalfa. Overall, the results
of this investigation indicate that climate change will have an impact on the production of
alfalfa, barley, and wheat, as well as related activities in Kerman Province. It is important to
acknowledge that selecting a product for optimal cropping patterns should not solely depend
on low virtual water content. The specific conditions of the region and the compatibility of
the product in that particular area must also be taken into consideration.
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