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An Integrated model for US

Goal: assess impact on WEF nexus of

• Changing climate (affecting both
supply and demand for FEWs)

• Evolving practices (e.g. changes in
diets, penetration of renewables)

• Existing and new policies (e.g. crop
insurance, low flow requirements)

• Infrastructures (e.g. reservoirs and
dams)

Our proposition: a national integrated
model at the county-scale and monthly
timestep

• CONTUS to capture effects beyond
watershed or state boundaries

• Spatially explicit to represent regional
variability

• County-scale to use socio-economics data
(USGS, USDA, ...)

• Monthly timestep to capture seasonal
variation

• Time horizon of ∼ 10 years to study decadal
climate oscillation
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AWASH: America’s Water Analysis, Synthesis and Heuristic
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AWASH: America’s Water Analysis, Synthesis and Heuristic

• Demand model: per county per sector (industry, agriculture, urban,
thermoelectric)

• SW: network link to counties (J. Rising and T. Troy)

• GW: deep aquifer model at the county scale (with T. Russo)

in 1′000m3 USGS, Demand data http://water.usgs.gov/watuse/data/2010/ 2/9
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AWASH: America’s Water Analysis, Synthesis and Heuristic

• Demand model: per county per sector (industry, agriculture, urban,
thermoelectric)

• SW: network link to counties (J. Rising and T. Troy)

• GW: deep aquifer model at the county scale (with T. Russo)

Research questions

Simulation How climate variability affects ability to satisfy FEWs demands?
Optimization How should FEWs resources be managed to increase resiliency?
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Model formulation

Goal: determine optimal operations, e.g.

• SW withdrawals

• GW pumping volumes

• Reservoirs captures and releases

Optimization objective:
Minimize water cost

subject to model constraints:

• Demands

• Water availability

• Infrastructure capacity

Assumption: cost∝ operations → Linear formulation: allows for large scale applications and the
systematic propagation of uncertainty
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Results

An example to illustrate the potential of the approach:

• Considering current demands and crop choices, how does irrigation demand
fluctuate in function of the climate?

• How could conjunctive use of surface and ground water improve resiliency?

Model set-up

Agriculture

• 10 most common crops represented (e.g. barley, wheat, corn)

• Statistical yield model to estimate crop production in function of irrigation
and rain (endogenous irrigation water demand model)

Other sectors: USGS 2010 county demand estimates - constant
Climate: 60 years of reconstructed streamflows
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Results
Temporal fluctuations at the national scale

Comparison with USGS estimates
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Results - Colorado
Are current crop choices optimal for the climate variabiliy of CO?
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Conclusion
Sum-up
• CONTUS-wide model at the

county-scale

• Surface and ground water
components

• Agriculture model

• Simulation and optimization
framework

In development
• A more sophisticated groundwater

model

• Endogenous demand models for
the urban and industrial sector

• Climate inputs: 500 years of
reconstructed streamflows

• Energy network

Challenges
many assumptions and approximation

• Linear formulation

• Data

AWASH a tool to model FEWs

• Changes in food preferences

• Penetration of renewables

• Infrastructure design and
Environmental policy
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