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Overview

The inseparable links between the water, energy, and food sectors are increasingly being recognized as important areas of research. Research in this area requires an integrated modeling approach that considers the three sectors together, which has come to be known as the food-energy-water nexus (FEW). According to Bazilian et al (2011), the FEW nexus: (1) impacts a large number of people, (2) has growing demands that are projected to increase, (3) has resource constraints, (4) has strong interdependencies with varying climates, and (5) has deep security issues as they are fundamental to the functioning of society.  

Drought is increasing and has important implications for FEW. The three areas of the FEW nexus are inherently impacted by water shortages. Water is used to produce electricity in hydroelectric dams, and to cool thermoelectric plants. Electricity is used in the production, treatment, heating, and transportation of water. Food production relies on adequate supplies of water during growing seasons as the most critical input into production, as well as for the management of soil quality, such as for soil leeching in the case of saline soils. When drought strikes, it has the devilish effect of hitting all areas of the nexus at once. This can occur in localized regions, or over wide spatial scales. When water is scarce, the supplies of water that remain may be water from aquifers, which can represent drawing upon water storage for future uses. 

We use Texas as a setting to empirically estimate the relationship between drought and the FEW nexus. USGS data from 2010 suggests that Texas is the second largest diverter of water in the United States, with 7% of all US diversions occurring within the state (Maupin et al., 2014). Thermoelectric power production is the largest diverter of water, accounting for over 45% of all Texas diversions of water. The thermoelectric sector is also a non-trivial consumer of water. In thermoelectric plants, excess heat in the steam cycle is removed to condense the steam leaving the turbines in order to increase efficiency and reduce back pressure. In most plants, this excess heat is discharged into a river, reservoir, or ocean (in the case of once-through cooling) or excess heat is removed through evaporative cooling (in the case of recirculating systems). These technologies vary in both the amount of water diverted and water consumed. While once-through cooling consumes little water, it diverts large amounts of water. This means that large amounts of water must be available to maintain plant efficiency. For recirculating systems, less water is required to be diverted, because water can be cycled through the cooling towers multiple times. However, this method has the largest water consumption per MWh of electricity produced. 

Electricity sales in Texas spiked during a prolonged heat wave and subsequent severe drought in the summer of 2011, and electricity prices increased across the state (Energy Information Administration, 2017 a, b). During this time, at least one plant curtailed night-time operations, several plants switched from their normal sources of water to alternate sources or added new pumps to reach existing sources, and operators prepared emergency plans to enact demand management and bring mothballed plants online (Galbraith, 2011; O'Grady and Choy, 2011). The increase in electricity prices was caused in part by drought-induced shifts in plant availability and increased costs obtaining sufficient cooling water supplies (Torell and Stevens, 2017).

Similarly, the 2011 drought caused a significant disruption to the agricultural production in Texas. The drought was responsible for an estimated $7.6 billion in agricultural losses, including the direct effects on farmers and ranchers as well as the indirect effects on suppliers and the post-harvest service industry (Fannin, 2012). Though the industry has responded by using more drought-tolerant seed varieties, especially for cotton and grain sorghum, and accounting for drought when adjusting livestock stocking rates, agriculture in Texas remains vulnerable to drought.
Methods
We are building a quantitative model of the relationship between components of the FEW nexus during periods of drought. In particular, we will estimate a computable general equilibrium (CGE) model of the Texas energy, agriculture, and water sectors. The CGE model will take surface water and subsurface water levels as exogenous inputs (hydrology model) into the endogenous model of the energy and agricultural sectors.  The CGE model will estimate the drought effects on market prices at current population levels, and we can also estimate the effects as the population grows.

Results
While the energy and food industries are clearly negatively impacted by drought, the relative magnitudes of the damage are not clear. Several open questions exist. Firstly, whether it is welfare improving to focus policy on cutting water consumption by the energy industry or to focus on water use in the agricultural industry, and how policy would impact these inter-related sectors. Further, as fuel costs and environmental regulations change, this may alter the value of the water for use in energy production, leading water-consuming energy producers to find it more profitable to lease or sell their water rights in lieu of energy production. If energy or agricultural costs increase, this may crowd out other economic activity in other sectors, as consumers spend a larger share of their incomes on these goods. An underappreciated benefit of solar and wind energy is that these renewable energy sources are not impacted by drought. As drought frequency and intensity are expected to rise in the coming decades, increased renewable generation capacity is likely to provide a more drought resilient energy supply. What is less clear is how an increase in non-thermoelectric energy capacity will affect water diversions, water consumption, water prices, energy production and environmental outcomes. The CGE model we estimate allows policymakers to answer these questions. 
Conclusions

Increasing frequency and severity drought has interesting implications for the WEF nexus. Since the relative magnitude of damages to the energy and food industries is not clear, we do not know the optimal policy during av drought. In other words, during a period of drought, would it improve welfare to cut water consumption by the energy industry in order to spare agricultural industry from cutting water consumption? Or, should the agricultural industry reduce water consumption in favor of the energy industry? The CGE model we develop has substantial implications for energy policy (both traditional and renewable), agricultural policy, and water policy.
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