Quantifying the impacts of climate change and
farm management practices on crop yield
and water use: a modeling approach
Introduction
• Climate change will alter spatial and temporal water demands
in areas of domestic food production, creating challenges for
the agricultural sector
• The United States is currently the world’s largest agricultural
producer and exporter of agricultural commodities, suggesting
global food security and prices are likely to be affected
(Schlenker and Roberts, 2009).
• Socio-ecological Systems (SES) research can extend the
knowledge of interactions and co-evolution between the social
and biophysical systems involved in agriculture

Parma

Wilder

Eagle
Caldwell
Meridian

Boise

Nampa

Other Crops
18%

Study Area

Amy Steimke
Assessing the impacts of future climate
change on the hydrology of the Upper
Boise River Basin. This information is
critical in knowing when and how much
water is delivered to agricultural lands

(can choose between drip, sprinkler, furrow, or on-site
reservoir irrigation)
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We apply statistically
downscaled (MACA) climate
data using the CNRM-CM5
Global Climate Model, which is
cited to be the most predictive
of Pacific Northwest climate
(Rupp et al., 2013).
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• Lower Boise River Basin, or the
Treasure Valley
• The area contains a diverse array of
agricultural products.
2014 Treasure Valley crop data
• Rapid population growth and
(National Agricultural Statistics Service)
displacement of agricultural lands
• Relies on irrigation to water crops
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Figure 2: Flow diagram of the
input and output files associated
with the EPIC model
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Utilizing a crop simulation model (EPIC) to run point-based
simulations of farms in the Lower Boise River Basin (LBRB)
Process-based model that simulates biophysical and chemical
processes that occur in the soil and water of an agricultural
field or watershed (Sharpley and Williams, 1990)
By alternating climate projections (historic, RCP4.5, and
RCP8.5) and management in the model, we develop a suite of
scenario analyses that represent a range of alternative futures
Management capabilities include irrigation type, fertilizer
application, crop rotations, pesticide application, and tillage
Uses 57 crop growth parameters to model 137 different crops
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Our model will be validated
using observed historic yield
data from the National
Agricultural Statistics Service
(NASS)

Figure 3: Average Temperatures with RCP 4.5 and RCP 8.5 climate
projections using the CNRM-CM5 GCM. Plotted with downscaled historic
trends from point-based MACA data.
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Spatially distributed simulation of water
availability in the Treasure Valley. Outputs
from my model will be used to calibrate
irrigation use specific to crop needs

Irrigation: scheduled or based
on soil moisture deficit

Evapotranspiration:
Penman-Monteith
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Crop yield and water use per unit area
under differing management and climate

Water Use

• How does both agricultural management and
climate change, individually and combined,
affect agricultural water use and crop yields in
the Treasure Valley?
• What are the factors that influence
management decisions on a farm scale, e.g.
demographics, political ideology, farm size?
• How will an increase in population in the
Treasure Valley affect water use per capita?

Geosciences Department

Crop Yield

Research Questions

Dry Beans
8%
Sugarbeets
5%
Alfalfa
28%

Figure 1: Study
area. Colored
polygons
represent
cultivated
crops. The pie
chart below is
an overview of
crop totals for
the particular
year shown
here (2014).
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Figure 4: Chart of alternative future outputs of our EPIC model. Each
permutation of management and climate will have an associated crop yield
and water use per unit area

• In order for our model to be
useful to stakeholders, it is
important to include
management activities that are
being implemented in the TV
• Irrigation requirements for the
future need to be quantified in
order to alter and allocate water
rights in the TV
• The ability to quantify these
changes is crucial in order to
address adaptation plans and
on-farm conservation efforts to
keep up with food consumption
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