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Summary  

New estimates of downscaled gridded water supply elasticity are provided for 75,651 grid cells (at 5 arc-

min resolution) for the United States agriculture given the groundwater irrigation and recharge rates around 

year 2010. 

Data Items 

Data items include long-run water supply elasticity, groundwater irrigation in million m3 per year per grid 

cell, groundwater recharge in million m3 per year per grid cell, and the ratio of irrigation to recharge. The 

data is provided for the Continental United States at 5 arc-min resolution. 

 

Table 1. Data items and descriptions 

Variables Note Resolution Label  Units 

water supply elasticity The long run % change in water supplied to 

agriculture in response to 1% change in value 

of irrigation water 

5 arc-min Supply_elasticity NA 

groundwater extraction Average annual volume of total groundwater 

extraction per grid cell 

5 arc-min Total_irrigation Million m3 

groundwater recharge 

rates 

Average annual recharge of groundwater 

resources per grid cell 

5 arc-min Total_recharge Million m3 

irrigation to recharge Ratio of groundwater extraction to 

groundwater recharge 

5 arc-min irrigToRchrg ratio 

Applications and related literature 

The elasticities of water supply and demand are important for economic and multidisciplinary studies of 

water resources, sustainability policies, and climate impacts (Ward & Michelsen 2002; Griffin 2016). The 

water supply elasticity represents the economic response of water owners to changes in market price or 

value of water.  When combined with estimated demand elasticities, this parameter can be used in 

economics and policy studies to provide insights on the likely agricultural economic responses to changes 

in water conditions or imposing new water policies and regulations.  The spatial distribution of these 
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parameters is also important in understanding the heterogenous responses to policies and shocks as well as 

in quantifying the leakages and spill-over effects. While many researchers have studies the water demand 

elasticities, there is no estimate available for spatially varying water supply elasticity (mostly due to data 

availability). There are two approaches in estimating water supply elasticity: empirical estimations and 

biophysical downscaling. The spatial regression would require economic information about the implicit and 

explicit value of water as well as volumetric information about crop water requirements and withdrawals. 

Depending on water right regimes, introducing new variables or a clustering might be required. To avoid 

endogeneity issues, the elasticities are estimated in a system of demand and supply (Haqiqi, 2023). The 

biophysical downscaling method assumes the supply elasticity of water follows a function with vertical and 

horizontal asymptotes (Baldos et al., 2020; Haqiqi et al, 2023).  

Methods 

The gridded water supply elasticity is estimated following Baldos et al (2020) assuming a non-linear 

relationship between water supply parameter and the ratio of extraction to recharge. The supply elasticity 

of water (ε) for each grid cell g is given by: 
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where, R is the ratio of withdrawal to groundwater recharge; and ω represents the parameters that govern 

the curvature of the function. Here, ω1 is 0.50, ω2 is 0.30, ω3 is 0.45. Also, ω0 is set to zero for groundwater 

and -0.05 for surface water. Figure 1 illustrates the magnitude of water supply elasticity in the US.  

 

Figure1. Downscaled supply elasticity of water for irrigated crop production in the Unites States. 
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Data sources 

The groundwater extraction and recharge ratios are obtained from United States Geological Survey (USGS) 

various sources (Bartolino & Cunningham 2003; Brown et al., 2019; Reitz et al., 2017). The calculations are 

compared with simulation model outputs of Water Balance Model (Vörösmarty et al., 2000; Wisser et al., 

2008; Grogan et al. 2017; Liu et al., 2017; Grogan et al., 2022).  

Acknowledgments 

The author acknowledges support from the National Science Foundation HDR award # 2118329: "NSF 

Institute for Geospatial Understanding through an Integrative Discovery Environment (I-GUIDE); 

the United States Department of Agriculture AFRI Grant #2019-67023-29679: 'Economic Foundations of 

Long Run Agricultural Sustainability'; and the National Science Foundation INFEWS award #1855937: 

'Identifying Sustainability Solutions through Global-Local-Global Analysis of a Coupled Water-

Agriculture-Bioenergy System'; and the National Science Foundation OISE award # 2020635: 'AccelNet- 

GLASSNET: Networking Global to Local Analyses to Inform Sustainable Investments in Land and Water 

Resources'. 

How to read the HAR and CSV files 

The CSV file includes 75,651 rows of data and one top row for labels. The columns x and y are the 

coordinates of the center of the grid cell in 5-arcmin, considering “+proj=longlat +datum=WGS84”. The 

FIPS column shows the US county codes. The sub-region column is the code for Farm Resource Regions 

as described (USDA, 2000).  
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