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ARTICLE INFO ABSTRACT

This research aims to analyze the spatial water footprint of agricultural products in four
categories of blue, green, gray, and white water in Khiavchai sub-watersheds. To this
Research Paper end, the meteorological data (monthly rainfall and temperature) were used as input data
for the CROPWAT program. The Google Earth images were used to map the land use
areas and estimate the area of agricultural and rangelands. It was found that apples, sour
Avrticle history cherries, cherries, walnuts, and grapes are the dominant crops produced in the orchard
Received: 12 October 2022 area. The four types of virtual waters of agricultural products were analyzed in four land
Revised: 17 March 2023 uses, i.e., orchards, rainfed agriculturg, irrigated agriculture, and r.angelands. The total
water consumed by the apple product is more than other products in all sub-watersheds
Accepted: 10 April 2023 and the amount of virtual water of walnut is also high in most sub-watersheds. The total
Published online: 06 June 2023 {consumption of blue, green, white, and gray water in sour cherry, cherry, and grape was
the same and was evaluated as less than the other two products. In addition, the average
amount of blue water for rainfed agriculture was estimated as 2788.85 m® t*, among
Keywords: which lentils and chickpeas had the higher blue water among the rainfed crops.
According to the results, sub-watersheds 7 and 14 located in western parts of the study
area had the highest of virtual water. In sub-watershed 7, a large part of its area is used
for rangeland and only a small part is related to rainfed agriculture, and all area of sub-
watershed 14 is used for rangeland. Therefore, the appropriate cultivation pattern can be
determined based on the amount of virtual water and its spatial changes.
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EXTENDED ABSTRACT

Introduction: The water footprint concept is one of the planning requirements at every level of natural resource
management, especially water, soil, and vegetation. Carrying out protective and management measures in any
effective way requires having basic information about the water footprint of various agricultural and rangeland
products in the region. Therefore, in the present research, a spatial analysis of surface water resources was
carried out by calculating water footprints in Khiavchai sub-watersheds located in Meshginshahr City. Besides,
spatial changes in water footprint values of various agricultural, orchards, and rangeland products were mapped
and their comparison was also analyzed.

Methodology: In the concept of the water footprint to create an integrated approach, four main components of
water resources including blue, green, white, and gray waters are examined. Blue water is the amount of
underground or surface water that is used to produce a product. Green water is the amount of rainwater that the
crop feeds on before reaching the saturated zone. Gray water, as the third component of water footprint analysis,
represents polluted water that entered the environment as a result of human activities, including industry and
agriculture. Finally, the volume of irrigation water loss is considered white water. Therefore, it can be seen that
the water footprint includes the direct and indirect aspects of water consumption and its pollutants in the entire
production process. In the present research, the spatial water footprint of agricultural products in four categories
of blue, green, gray, and white water in Khiavchai sub-watersheds was analysed. To this end, the meteorological
data (monthly rainfall and temperature) were used as input data for the CROPWAT program. The Google Earth
images were used to map the land use areas and estimate the area of agricultural and rangelands. It was found
that apples, sour cherries, cherries, walnuts, and grapes are the dominant crops produced in the orchard area.
The four types of virtual waters of agricultural products were analyzed in four land uses, i.e., orchards, rainfed
agriculture, irrigated agriculture, and rangelands.

Results and Discussion: In all four water types, sub-watersheds 7 and 14 have the highest water, which is due
to the large area of these two sub-watersheds compared to others, followed by more crop cultivation and higher
water consumption. The highest blue water footprint can be seen in the northern and western parts of the
Khiavchai Watershed. Meanwhile, the situation is different in the green water footprint, and its largest is seen in
the central and western parts, which is attributed to the abundant rainfall in these areas (Figure 1).
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Figure 1- Spatial changes of investigated waters for rainfed products

The total consumption of blue, green, white, and gray water in sour cherry, cherry, and grape was the same and
was evaluated as less than the other two products. In addition, the average amount of blue water for rainfed
agriculture was estimated as 2788.85 m> t™, among which lentils and chickpeas had the higher blue water among
the rainfed crops. According to the results, sub-watersheds 7 and 14 located in western parts of the study area
had the highest of virtual water. In sub-watershed 7, a large part of its area is used for rangeland and only a
small part is related to rainfed agriculture, and all area of sub-watershed 14 is used for rangeland.

Conclusion: Considering the natural resources degradation and the change of the ecological components during
the last century in the world and in Iran, the results obtained from the water footprint assessment in the land use
planning, while using the environmental and climatic potentials of the region is critical to preserve valuable
water resources. Ardabil Province is one of the main hubs of wheat production in the country, and the Khiavchai
Watershed has been leading in the cultivation and production of wheat crops compared to other rainfed crops.
Also, due to the high percentage of animal husbandry and the subsequent increase in the need for crop
cultivation in the region, the total water consumption will be higher. Thus, by allocating the appropriate
cultivation pattern in the region according to the water availability, water footprint, and environmental
considerations, it is possible to develop an appropriate management and protection plan.
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Figure 1- Location of Khiavchai Watershed in Ardabil Province and Iran
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Figure 2- Land use map of the Khiavchai Watershed (Ghabalnezam et al., 2019)
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Table 1- The volume of virtual water components (m® t*) in the investigated products
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Table 2- Changes in the investigated water (m® t) in the rainfed lands in the Khiavchai sub-watersheds
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Figure 6- Spatial changes of investigated waters for rainfed products
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Figure 7- Collection of water footprints in the tomato product
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Figure 8- Spatial changes of investigated waters for the tomato crop
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Figure 9- Values of rangeland yield in each Khiavchai sub-watershed
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Table 3- Changes in water footprint values (m® kg™) in pasture use in Khiavchai sub-watersheds
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Figure 10- Spatial changes of water footprint (m* kg™) in rangeland in Khiavchai sub-watersheds
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