Abstract

Freshwater management is a core issue for sustainable developmenti-2. Today, agriculture faces a
host of challenges related to freshwater availability because of its high freshwater consumptions-s.
Water-scarce countries can alleviate their water stress by importing food from water-abundant
countriess-8. The sustainability of freshwater use is often evaluated using the Water Stress Index and
water footprinto-10. Although freshwater sustainability is often estimated based on the total volume of
water consumption (water inventory), the maximum freshwater resource and potential impacts of
water-resource depletion differ with location and water sourcei1. In addition, most estimates of the
environmental impacts of water use have focused on depletion from a single-source perspective
without separating geographically distinct water sources9,i2,13. Therefore, comprehensive potential
impacts from multiple water sources in various climatic conditions remain unclear. Here, we apply
the water availability factor (fwa), which reflects the differences among renewable freshwater
resources by place and sourcei4, to show that the current agriculture consumes freshwater resources
at 1.3 times the rapid rate than sustainable water use. This rate (Relative Unsustainability Rate;
RUR) can indicate environmental water scarcity. Among environmentally water-scarce countries,
well-financed countries tend to import cereal products as virtual water to compensate for their
domestic water resources. Among water-abundant countries, well-financed countries tend to export
cereal products by exploiting their freshwater availability. The fiwa concept provides a
non-conventional approach to compare and integrate the potential impacts of freshwater use from
various sources and climatic conditions. In addition, the RUR can represent that how far the current
global water use is from sustainable water management. The results should focus attention on the

need to address not only physical but also social and environmental water-scarcity issues.
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