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Objectives 

1. Develop acreage supply models for eight 
groundwater sub-basins 

2. Simulate the effects of restrictions on 
groundwater on crop acreage and prices 

3. 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 
aimed 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 

Our data collection and modeling efforts under this 
project led us to conclude that the impact of SGMA 
on the future mix of California crops, including citrus, 
will be minor. While SGMA will likely reduce total 
crop and citrus acreage, citrus’ share of acreage in 
highly-impacted groundwater sub-basins will 
depend on factors that have nothing to do with 
SGMA. The future relative importance of citrus in 
California will depend primarily on the same factors 
that have determined changes in crop mix over the 
past two decades. These include: 

Demand Elasticity 

California growers have dramatically reduced 
production of crops for which demand facing 
California is elastic. An elastic demand simply 
means that price is not sensitive to changes in 
California production levels. Examples of such crops 
that have greatly contracted since 2000 include 
upland cotton, wheat, corn harvested for grain, and 
other field crops for which crop price is determined 
outside California. Crops that have dramatically 
increased acreage include crops where the level of 
California production has a major impact on price, 
that is crops that face an inelastic demand. Such 
crops include almonds, pistachios, walnuts, and 
wine grapes. Crops that are grown to support dairy 
and beef cattle production, such as alfalfa and corn 
silage, have an inelastic demand because they are 
so expensive to ship in from out of state. They will 
continue to be grown so long as California has large 
dairy and beef cattle herds. The advantage of facing 
an inelastic demand is that California growers 
collectively have much more control over their own 
financial destiny in that price can be influenced both 
by marketing efforts that increase demand and by 
aggregate acreage levels. 

Demand Growth 
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California growers have dramatically increased 
acreage of crops that have experienced strong 
demand growth. Demand increases for any crop will 
increase market price. But the market benefits to 
California growers are much larger if demand growth 
is accompanied by an inelastic demand. While 
many, if not most, crops have inelastic demands, the 
demand elasticity facing California is generally 
inelastic only when the California market share is 
high. A large market share means that the likely 
response to increased demand will be a result of 
increased production from California growers 
because, by definition, there are few alternative 
places to expand production. Thus, it is not 
surprising that we see California acreage 
responding quickly to increases in demand for crops 
that California has a large market share. Examples 
include tree nuts and mandarins. 

Production Costs 

A third factor that can determine changes in 
California crop mix are differences in production 
costs relative to market revenue. In particular, labor 
costs are important in determining relative 
production costs because different crops have quite 
different labor requirements. All citrus is hand 
harvested whereas tree nuts and most grapes are 
machine harvested so increases in labor costs 
disadvantage citrus relative to machine-harvest. 
However, the role of different labor requirements 
among crops has likely played a less important role 
in determining crop acreage changes over the last 
20 years than the previous factors. Why is explained 
next.  

Impact of Water Availability and SGMA 

Total irrigated acreage in California has not much 
changed on the last 20 years because of limits on 
available water for irrigation. It is quite likely that total 
irrigated acreage, particularly in the San Joaquin 
Valley will decrease following implementation of 
SGMA simply because groundwater extraction rates 
will fall. The magnitude of the reduction will depend 
on whether additional water in water surplus years 
can be banked in aquifers for extraction during 

water-short years. This is the key question for 
determining the ultimate impact of SGMA. If little 
investment is made in enhancing delivery of any 
surplus water then acreage reductions from SGMA 
will likely be significant. 

One might think that decreased water supplies 
means that growers will tend to plant those crops 
that use less water, much the same as higher labor 
costs induce growers to plant crops that use less 
labor. While the economic logic of these predictions 
is sound, the logic only holds if everything else is 
held fixed. But consider what would happen if 
California almond growers decided to reduce 
almond acreage by 10% in response to water 
cutbacks. Because the demand elasticity facing 
these growers is about -0.5 (inelastic), a 10% 
decrease in production will increase market price by 
about 20%. Such a large increase in market price 
will increase almond profitability thus signaling 
growers to plant more almonds. Thus any reduction 
in acreage would be much less than 10%. 

The same logic can be applied to increased labor 
costs. Growers will not significantly reduce acreage 
of a more labor-intensive crop in response to higher 
labor costs if crop demand is inelastic because the 
resulting crop price increases would soon cover any 
increased production costs.  

The importance of demand elasticity in determining 
what crops will be grown in California makes 
insignificant the insights that can be gained from 
formal modeling of the effects of SGMA on crop mix. 
Future crop mix in California will largely be 
determined by demand growth and demand 
elasticity. More acres for high demand crops and 
more for inelastically-demanded crops. Nobody can 
really predict future growth in demand for individual 
crops so we cannot know what crops will be in high 
demand in the future. But we can know which crops 
have the most inelastic demands and are suitable to 
be grown in California.  

The impacts of decreased water availability on the 
mix of crops that will be grown when SGMA is 
ultimately implemented can be predicted by simply 
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ranking crops from most inelastic to most elastic. 
The crops with the most inelastic demand will be 
least impacted because market prices will work to 
keep them in production. Those crops that have 
more elastic demands cannot count on strong output 
price increases to keep them in production. We 
estimated ranges of demand elasticities for crops 
commonly grown in the San Joaquin Valley. 
Demand elasticities range from -0.3 to -0.7 for 
mandarins, navel oranges, and pistachios. The 
demand elasticity for walnuts ranges from -0.1 to  
-0.3. Almond demand elasticity ranges from -0.15 to 
-0.45. And lemon demand elasticity ranges from -0.2 
to -0.6.   

 

 

 

Conclusions 

How California’s citrus industry will fare under 
SGMA will be largely determined by market factors 
rather than water availability. While citrus is currently 
grown in groundwater sub-basins that face the 
potential for significant water supply reductions from 
SGMA, California’s market share of U.S. fresh-
market mandarins, navel oranges, and lemons is 
quite high which makes demand for these crops 
inelastic. Thus, California will likely continue to 
produce large amounts of citrus even after water 
supplies contract under SGMA.   

 Of greater concern for the California citrus 
industry is slow demand growth and the possibility of 
increased import competition. Growth in demand for 
navel oranges has been scant. Lemon demand 
growth has been higher at about 2% per year but 
California lemon demand is susceptible to changes 
in U.S. trade policy that would result in a declining 
market share. Whether the strong past demand 
growth for mandarins can continue will largely 
determine if total citrus acreage in California can 
increase. But mandarins also face the risk of greater 
import competition and the possibility of a declining 
share of the U.S. market—currently at about 67%—
from a change in trade policy. A loss of market share 
would turn demand more elastic which would make 
mandarin acreage more susceptible to cuts in 
response to decreased water availability. 
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