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For long time, policy and decision makers, especially at national scale, have realized that water, food, energy,
environment, and other sectors are not stand-alone sectors. Judgement was always used to make decisions that
affected these inter-related sectors that are mainly driven by people’s needs. Recently, researchers started to put
the necessary efforts to build more realistic models that represent people, natural resources, and the engineered
systems in a holistic way.
In this study, human needs of food and their consumption pattern are captured and simulated using a national
scale food consumption modeling module. Another agricultural and animal production modeling module is built
to simulate the national production based on water and land availability. Both the production and consumption
modules are coupled with a water resource system module that accounts for all sources of blue and green water,
and allocates water for municipal, industrial, agricultural, and navigation purposes based on pre-set priorities.
Driven by multiple factors, such as the available water resources, population, urban growth, and food consumption
pattern, the developed national scale water-food nexus model predicts food surplus and shortage for over 80
agricultural and animal products, water gap, and thus, virtual water exports and imports of the country. The
developed coupled water-human systems model is applied to the case study of Egypt as a striking example of a
water-poor country and the world largest importer of wheat. The water and food indicators of Egypt are simulated
over the baseline period (1986-2013) and also projected up to year 2050 based on future scenarios developed by
the Egyptian government.
In parallel, the food (virtual water) imports of Egypt over the same past and future periods are predicted based on
a developed global virtual water trade (GVWT) model that is driven by the GDP, population, and the agricultural
production of the various world regions. For the future period, the GVWT model is driven by the IIASA’s five
shared socioeconomic pathways (SSPs). The results show that Egypt’s food and water gaps are growing rapidly
as a result of aggressive population growth and limited water resources. The coupled human-water modeling
framework shows the nexus of the population dynamics, water uses for different sectors, and their compounding
effects on Egypt’s food gap and water self-sufficiency. The sensitivity analysis reveals that a major portion of the
solution of Egypt’s water and food problem may not be a water-based solution but rather a societal and policy
adaptation to the alarming conditions, in addition to the traditional water resources development solution. It is also
found that both the national and the global models project similar trends of Egypt’s continuously widening food
gap. The developed modeling framework can be easily adapted to other nations and regions.


