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Objectives 

1. Compile GIS layers for eight groundwater
sub-basins including groundwater basin
boundaries, crop production, water supplies,
climate and soils.

2. Compile cost and revenue data for major
field and tree crops in eight sub-basins.

3. Develop measures of water cost and
availability for each studied sub-basin.

4. Estimate relationships between crop
acreage location and predictive factors.

5. Develop a spatially explicit crop acreage
supply model for eight sub-basins,

6. Simulate the effects of SGMA restrictions in
groundwater supply on crop acreage mix
and publish findings in both technical
(academic) and non-technical outlets

Problem and Significance 

Most California citrus groves overlie critically 
overdrafted groundwater basins. Groundwater 
pumping in these basins will be reduced to 
sustainable levels to meet the requirements of 
California's Sustainable Groundwater Management 
Act (SGMA). The impacts of adjustments in crop 
acreages in response to decreased groundwater 
availability will be felt by growers, upstream and 
downstream supply chain participants, and local 
economies. Yet no projections of the likely impacts 
of SGMA on total acreage and the crop mix of 
acreage exist in the public domain. This project 
aims to fill this knowledge gap by estimating the 
impact of moving to sustainable groundwater 
pumping levels on citrus acreage and production. 
Growers will benefit by using this knowledge to 

guide investment decisions and react to proposed 
SGMA sustainability plans. 

Benefit to Industry 

Knowledge of how citrus will be impacted by 
decreased groundwater availability will allow the 
industry to anticipate better California citrus 
production's sensitivity to SGMA implementation. 
This knowledge will allow for better matching of 
industry investments with likely changing economic 
conditions resulting from the implementation of 
groundwater sustainability plans. 

Progress Summary 

California agriculture is best modeled as comprised 
of skilled growers who attempt to maximize their 
prosperity by choosing crops subject to fixed water 
and land supplies. Implementation of SGMA will 
reduce water supplies which, in turn, will change 
the mix of crops growers plant. Citrus groves will 
compete with almonds, forage crops, grapes, and 
many other crops for available water and land. To 
construct an appropriate model to capture how well 
citrus acreage will compete with other crops for less 
water requires data to calibrate the model to the 
pre-SGMA mix of crops in affected areas and 
knowledge of the ability and propensity of growers 
to switch crops in response to changing economic 
conditions.  

We have collected the necessary data measuring 
current crop acreage, yield, production costs, and 
irrigation requirements for model calibration. We 
have collected historical cropping data to estimate 
the determinants of grower-propensity to switch 
crops over time. The primary determinants of 
changes in crop acreage over time are changes in 
aggregate demand for a crop relative to competing 
crops; a crop's share of total planted acreage in a 
region; the degree to which climatic factors limit 
where a crop can be grown; California's market 
share of a crop; the length of time over which crop 
acreage can be changed; the extent to which 
technological changes favor particular crops 
through yield increases or cost reductions, and 
whether the crop is an annual or perennial (vine or 
tree) crop.   
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Higher demand growth, higher market share, 
favorable technological change, and longer time 
intervals are associated with a higher propensity to 
increase crop acreage. Higher crop share of 
planted acreage in a region and climate-specific 
growing requirements are associated with lower 
propensity. Annual crops are associated with a 
higher propensity to change when the time interval 
is shorter. It is an open question to be addressed in 
year two of this project, how the responsiveness of 
annual crop acreage relative to perennial crop 
acreage changes as the time period consider 
lengthens. 

Figure 1 shows the most widely planted crops that 
currently compete with citrus for water and acreage 
in the groundwater basins that will be most 
impacted by SGMA implementation. The citrus 
crops we will model separately are navel oranges, 
mandarins, and lemons. We account for other citrus 
crops by proportionately allocating their acreage to 
these three citrus crops. In each of the modeled 
areas, we include crops that currently make-up at 
least 90% of the total planted acreage. 

Figure 1.  Crop acreage in SGMA-impacted groundwater 
basins. Note: “Pom” refers to pomegranate and “Oth 
Tree” refers to other trees. 

The eight citrus-containing groundwater sub-basins 
that we model reside in Kern, Tulare, Riverside, 
San Diego, Ventura, Fresno, Madera, and Kings 
Counties. The modeled sub-basins contain more 
than 95% of California citrus acreage. Each of the 
sub-basins is modeled independently because of 
the lack of necessary infrastructure to allow 
available water supplies to be shared. However, the 
impacts of aggregate production changes across all 
sub-basins on market prices will be modeled for 
crops with a substantial market share- either 
domestically or worldwide—such as almonds, 
pistachios, walnuts, and citrus crops. This allows 
for price increases or decreases to attenuate pure 
supply-side effects of changes in water 
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