
Agricultural and Resource Economics

ARE UPDATE 
Vol. 23, No. 2     Nov/Dec 2019Giannini Foundation of Agricultural Economics, University of California

ALSO IN THIS ISSUE
Under the (Ancestral) Influence: Demographic Drivers of Diverging Demands in the U.S. Alcohol Market
Jarrett Hart and Julian M. Alston . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
California’s Changing Land Use Patterns for Crop Production, 1959– 2017
Hoy F. Carman  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

Many consumer goods are produced 
using controversial technologies 
that receive mixed acceptance from 
the general public due to perceived 
negative consequences or risks. These 
technologies are particularly prevalent 
in the food industry, with examples 
including the application of pesticides, 
irradiation, and the use of antibiotics 
and artificial growth hormones in dairy 
production. 

One such technology is genetic modifi-
cation, which has been a complex issue 
in the case of food production. Studies 
have shown that genetic modification 
has increased yields by 5–30%, reduced 
toxic pesticide use between 10–70%, 
and reduced commodity prices by 
5–35% for several staple crops. At the 

same time, mixed messaging about 
perceived health and environmental 
risks has been widespread, including 
comparisons to “Frankenfood” and 
uncertainty over potential environ-
mental consequences (e.g., crop disease 
resistance). 

In many instances, individuals are 
able to express preferences for or 
against controversial technologies both 
through purchasing behavior as well as 
voting decisions on referendums. This 
has been the case with foods containing 
genetically modified (GM) ingredients, 
wherein the consumer setting, individ-
uals can pay a premium for GM-free 
food. In the referendum setting, voters 
can choose to support more stringent 
regulation of GM technology. 

We examine a real referendum—Propo-
sition 37—that was voted on in Califor-
nia in November 2012 and would have 
required mandatory labeling on all 
foods containing GM ingredients. Our 
study used an online survey tool to 
poll over 700 California residents in the 
weeks leading up to the 2012 election. 
We use the responses to compare the 
impact of income, perceived private 
health risk, and perceived environ-
mental risk on individual willingness 

to pay (WTP) for GM-free food as well 
as on willingness to support different 
types of regulation on food containing 
GM ingredients. While our sample is 
close to representative of the Califor-
nia voting population by the pool of 
potential respondents was limited. 
Thus, our survey sample represented 
slightly more educated, wealthier, and 
less racially diverse individuals than 
the California population as a whole. 
However, there was enough variation 
in these characteristics to account for 
their impact on our analysis.

This analysis is important in develop-
ing a clear empirical understanding 
of how individuals act as consumers 
versus voters, and how these actions 
may differ from what to expect from a 
rational individual. In a policy setting, 
this can help inform the way we frame 
propositions surrounding controversial 
technologies and the impacts of such 
referendums on purchasing decisions 
depending on consumer demographics 
and beliefs. Importantly, in the case of 
poorer individuals, referendums may 
be the only feasible way to express 
aversion towards controversial tech-
nologies that may be cheaper.  

Preferences for GMOs:  
Do Purchasing Patterns Differ from Voting Behavior?
Scott Kaplan, Gina Waterfield, and David Zilberman

In 2012, California voted “no” 
on Proposition 37, which would 
have required special labeling on 
all foods containing genetically-
modified (GM) ingredients. We 
examine the relationship between 
willingness to pay for products 
that avoid GM ingredients, and 
willingness to vote in favor of 
regulation for these products.
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Purchasing versus  
Voting Behavior
While purchasing GM-free foods and 
voting for more stringent regulation on 
labeling foods containing GM ingre-
dients are both indicative of aversion 
to this technology, the inherent deci-
sion-making process by individuals is 

substantially different. A consumer’s 
purchasing decision primarily affects 
their individual well-being and has 
little impact on market-wide use of 
a technology. On the other hand, a 
vote for more stringent regulation is 
intended to have market-wide effects, 
even though an individual vote is 
likely to have little impact. 

Additionally, individuals face very dif-
ferent constraints as consumers than as 
voters. It may be that poorer consumers 
cannot afford to state their aversion to 
GM foods through purchasing deci-
sions. On the other hand, they may 
vote without monetary constraints, 
and can express their aversion to this 
technology at the ballot box. 

In order to capture differences in 
these decisions and elicit WTP for a 
GM-free product under a mandatory 
labeling scenario, we presented survey 
respondents with the image shown 
in Figure 2. There are no differences 
between these two product labels for 
a popular breakfast cereal, with the 
exception that one contains the phrase 
“MAY CONTAIN GENETICALLY ENGI-
NEERED INGREDIENTS.” Respondents 
were asked to provide their maximum 
WTP for the GM-free product in addi-
tion to the $1.99 shelf price. 

After the WTP question, we asked 
individuals how they planned to vote 
on Proposition 37, which would require 
mandatory labeling of GM foods sim-
ilar to the format seen in Figure 2. We 
also provided them with a description 
of the actual proposition appearing 
on the ballot. Our survey timing was 
advantageous since we distributed 
it only a couple of weeks before the 
election, and thus the actual impact of 
the referendum was salient. Finally, we 
asked a more hypothetical question on 
whether individuals would be support-
ive of an outright ban on food prod-
ucts containing GM ingredients. This 
provided a more extreme viewpoint on 
GM products as a whole.

In addition to individual purchasing 
and voting responses, we collected a 
rich set of demographic data, as well as 
prior knowledge and beliefs about GM 
foods, including perceived health and 
environmental impacts. Specifically, we 
asked individuals to self-report how 
much they knew about the use of GM 
ingredients in production processes 
on a scale of 1 (no knowledge) to 5 
(very well-informed). More objectively, 

Figure 1. Proposition 37 Cumulative Campaign Spending  
and Pre-Election Poll Results

Sources: California Business Roundtable and Pepperdine University School of Public Policy Initiative 
Survey; CAL-ACCESS Campaign Finance and Lobbying Activity.

Figure 2. Label for GM-Free versus GM Cereal: Framing for Survey Question 
Asking about Purchasing and Voting Behavior
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what percentage of packaged grocery 
store food they thought contained GM 
ingredients. We also asked them to rate 
how safe they perceived GM food to 
be for individual health, which was a 
proxy for the individual consumption 
benefits (or costs), and for the environ-
ment, which was a proxy for public 
benefits (or costs). 

Our findings suggest that there is a 
wide distribution of WTP for GM-free 
food. Among the respondents, 55% 
reported zero additional WTP. On 
the other hand, 20% of respondents 
were willing to pay more than a $0.50 
premium on top of the base price of 
$1.99. These are likely individuals who 
choose instead to purchase organic 
products, which are required to be 
GM-free. The mean WTP was $0.35, 
or 18% of the base price, which falls 
slightly towards the conservative end 
of the wide range of estimates found in 
the literature. 

There was also significant variation in 
beliefs over both the individual health 
impacts (33% believe GM foods to be 
fairly unsafe or unsafe for consump-
tion, while 45% believe them to be 
fairly safe or safe) and environmental 
impacts (43% believed them to be 
unsafe, while 36% believed them to be 
safe). Table 1 provides a detailed break-
down of characteristics of individu-
als by voting preferences and WTP 
grouping (low, moderate, and high). 
We identify one notable descriptive 
statistic from this table in the group 
of respondents that would be in favor 
of both a “Label and Ban” – of the 268 
applicable respondents, 97 were not 
willing to pay any additional premium 
for GM-free food. This suggests that 
there is a substantial number of indi-
viduals exhibiting extremely strong 
preferences against food containing 
GM ingredients with their voting 
behavior, but none whatsoever as 
consumers.

In addition, we observe that 68% of 
respondents believed that the percent-
age of non-organic, packaged food at 

grocery stores was between 0–60%, 
when in fact the true percentage is over 
70%, suggesting that a sizable majority 
of individuals may underestimate their 
true consumption of food containing 
GM ingredients. However, it is not 
clear in which direction this might bias 
WTP—once informed, individuals may 
express higher WTP for GM-free prod-
ucts if they have firm beliefs about per-
ceived negative consequences of foods 
with GM ingredients. They may exhibit 
lower WTP if they’ve been eating these 
foods all along and have not experi-
enced negative health impacts. 

Figure 3 above illustrates the WTP pat-
terns by those who would have voted 
for mandatory labeling versus those 
voting against this regulation. One can 
see that over 80% of individuals voting 
against mandatory labeling had zero 
WTP for the GM-free product, while 
only about 40% of individuals voting 
for mandatory labeling had zero WTP. 
Thus, among individuals with positive 
WTP for the GM-free product, substan-
tially more of them would also vote for 
mandatory labeling.

Our results also uncover some inter-
esting relationships between consumer 

Table 1. Mean Respondent Characteristics, by Voting Choices and WTP

Note: “Passed Test %” is the percentage of respondents who correctly believed that over 60 
percent of packaged non-organic food sold in grocery stores contained any GM ingredients; 
“Safe to Consume” is the mean value respondents gave for how safe they believe GM food is for 
human health (1 for “very unsafe” to 5 for “very safe”). “Safe for Environment” is the mean value 
respondents gave for how safe they believe GM food is for the environment (1 for “very unsafe” to 
5 for “very safe”).

 
Age

 
Education

 
Income

Passed 
Test

Safe to 
Consume

Safe for 
Environment

WTP N (Years) (Yrs) ($1,000) (%) (Belief Scale 1 to 5)

No Label or Ban

Low 213 54 16 53 28 4.3 4.2

Mid 24 53 16 48 21 3.8 3.5

High 8 51 17 43 13 4.3 4.0

All 245 54 16 52 27 4.3 4.1

Label Only

Low 69 48 16 45 32 3.9 3.6

Mid 29 48 16 55 41 3.4 3.1

High 27 42 16 50 30 3.3 2.7

All 125 47 16 48 34 3.6 3.3

Ban Only

Low 17 51 15 43 18 2.6 3.3

Mid 2 55 15 44 50 4.0 3.0

High 5 40 15 51 0 2.0 1.7

All 24 49 15 45 17 2.6 2.9

Label and Ban

Low 97 50 15 43 38 2.2 1.9

Mid 84 44 15 37 30 2.5 1.9

High 87 42 16 43 44 2.2 1.8

All 268 46 15 41 37 2.3 1.9

Opted Out 
of WTP 53 48 16 53 36 2.1 1.9

All 715 49 16 47 32 3.2 2.9
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and voter decisions. Notably, we find 
that consumers with low WTP for 
GM-free food have a substantially 
higher probability of voting in favor 
of mandatory labeling (almost 60% 
larger) than high WTP consumers, 
suggesting that low-income voters 
may choose to represent their dislike 
for GM ingredients through voting 
behavior. 

Additionally, only consumers with 
“moderate” WTP appear to care about 
perceived private health benefits of 
GM-free foods in their decision to vote 
for mandatory labeling. Among low 
and high WTP groups, perceived pri-
vate health benefits do not impact their 
voting behavior, but for very different 
reasons. Low WTP individuals should 
not be concerned about the perceived 
private health benefits of GM-free 
food since they will not purchase these 
products, while high WTP individuals 
favor the regulation regardless of their 
other characteristics. 

Conclusions
In cases of products using controversial 
technologies, individuals in referen-
dum states often have the ability to 
make both purchasing and voting deci-
sions. Genetically modified ingredients 
in food is one such technology, and 

individuals in California are able to 
express preferences both as consumers 
(by purchasing GM-free foods) and as 
voters at the ballot box. For example,  
in November 2012, there was a vote 
on Proposition 37 to require labels on 
all foods containing GM ingredients, 
which did not pass.

Our findings suggest that there is a 
positive relationship between WTP to 
avoid food containing GM ingredients 
and voting for mandatory labeling of 
these foods. This effect is driven by 
many factors across different sub-
groups of consumers based on their 
WTP, including income, perceived 
private health benefits, and perceived 
environmental benefits associated with 
GM-free food. In particular, individ-
uals who are uncertain or ambivalent 
about the environmental safety of food 
containing GM ingredients will express 
greater aversion to these foods as 
voters than as consumers. 

We also find that low-income individ-
uals are more likely to vote in favor 
of labeling regulation relative to their 
WTP, while high-income individuals 
with low WTP are unlikely to sup-
port regulation. These results suggest 
incredible heterogeneity among indi-
viduals, which supports the case for 
differentiated products in the market 

with the reasonably displayed infor-
mation. Consumers have a right to 
know what is in their food, and a label 
that provides information about GM 
ingredients, while at the same time 
not standing out in a meaningful or 
negatively framed manner (i.e., as seen 
in Figure 2), may improve welfare.

This study is an important step in 
understanding how individuals 
respond to controversial technologies 
as both voters and consumers. It may 
be important to consider how refer-
endums and propositions are framed, 
especially in the context of controver-
sial technologies that exist for pur-
chase. It also supports the importance 
of having referendums so individuals 
who are unable to express avoidance 
behavior through purchase decisions 
can do so at the ballot box. We should 
also encourage nutrition education that 
informs consumers about potential 
health, environmental, and economic 
gains from GM products.

Figure 3. Willingness-to-Pay by Willingness to Vote in Favor of Mandatory 
Labeling
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Under the (Ancestral) Influence: Demographic Drivers  
of Diverging Demands in the U.S. Alcohol Market
Jarrett Hart and Julian M. Alston

In contrast with global trends 
over the past 20 years and more, 
during the 21st century, U.S. states 
have been diverging in terms of 
total per capita consumption of 
alcohol and the mix of alcoholic 
beverages. Socioeconomic and 
demographic variables appear to 
play significant roles in account-
ing for the large and persistent 
differences in per capita alcoholic 
beverage consumption among U.S. 
states and regions. 

The United States is one of the world’s 
largest consumers of alcoholic bev-
erages. However, within the country, 
alcohol consumption rates vary con-
siderably among individuals, states, 
and regions. More than one-third of 
American adults do not drink any 
alcohol at all, and those who do drink 
vary considerably in what they prefer 
to drink, how often, and how much. 
Hence, we see large and persistent 
differences among U.S. states in terms 
of per capita consumption of alcohol, 
and the mix of alcoholic beverages 
consumed. 

The average rates of per capita 
consumption of alcohol and the 
mix of beer, wine, and spirits also 
vary considerably among countries 
(Table 1). The United States is one of 
the “beer-drinking” nations and by 
global average standards, Americans 
are relatively heavy drinkers. 

In recent decades, alcohol consump-
tion patterns have become more 
similar among countries; both rates 
of per capita consumption and the 
shares of beer, wine, and spirits have 
converged to some extent. But recent 
trends among U.S. states do not match 
the global pattern among countries. 
From the early 1970s through the 
mid-1990s, U.S. states became more 

similar in terms of both their total per 
capita consumption of alcohol, and the 
shares of beer, wine, and spirits in the 
mix. However, since the mid-1990s, 
the trend has reversed, with increasing 
differences among states in both per 
capita consumption of alcohol, and the 
mix.

These persistent spatial differences in 
consumption patterns among states 
appear to reflect differences in pref-
erences among populations, which 
we explore by examining their links 
with socioeconomic and demographic 
variables. We estimate econometric 
models of demand for beer and wine 
using scanner data from supermarkets 
for 2006–2016. We observe diverging 
trends within product categories. 
Market shares of higher-priced wine 
and (craft) beer are growing, whereas 
shares of lower-priced (macro) beer 
are diminishing.  

An Overview of U.S.  
National and State-Level  
Alcohol Consumption
Total U.S. per capita alcohol consump-
tion has ranged between 1.75 and 
2.75 gallons per capita for most years 

apart from the period of Prohibition 
(1920–1933) and the years follow-
ing (Figure 1). After repeal in 1933, 
total per capita alcohol consumption 
trended upwards for half a century, to 
reach a peak at 2.76 gallons of alcohol 
per capita in 1981. From that peak, 
per capita consumption of alcohol 
declined to 2.15 gallons per year for 
1995–1998, after which it grew to a 
new plateau of around 2.33 gallons per 
year for 2012–2016. 

Along with the changes in total 
consumption, the mix of beverages 
has evolved. Up through the decade 
of the 1880s, the United States might 
well have been best described as a 
whiskey-drinking nation, with spir-
its accounting for more than half 
of the total. But ever since then, at 
least one-half of the nation’s alcohol 
consumption has been in the form of 
beer. The per capita quantities of beer, 
wine, and spirits have drifted along 
with longer-term shifts in total alcohol 
consumption, and the share of wine 
has trended upwards slowly, at the 
expense of both beer and spirits. 

Still, unlike the world as a whole, the 
relative shares of national alcohol 

Country/Region Total Alcohol Wine Share Beer Share Spirits Share

gallons/adult ---------------------------percent---------------------------------

India 0.2 0 15 85

China 0.9 4 44 52

Russia 2.4 11 39 49

Italy 1.7 65 23 11

France 2.4 59 19 23

U.K. 2.1 41 37 22

Germany 2.5 28 53 19

U.S.A. 1.8 18 49 34

Mexico 1.0 3 75 22

World 0.7 15 43 42

Table 1. Total Consumption of Alcohol Per Adult and Shares, Selected 
Countries, 2010–2014

Source: Holmes and Anderson (2017, pp. 129–30)
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consumption have been compara-
tively stable over five decades. U.S. 
per capita alcohol consumption is 
now more than 2.5 times the global 
average, with larger shares of both 
beer and spirits and a smaller share 
of wine. And the U.S. trend is in the 
opposite direction compared with 
the global average—with the share 
of wine rising, and the share of beer 
falling—such that the United States 
in this sense is converging towards 
the rest of the world and somewhat 
towards more equal shares of the three 
beverages in the total. This trend in the 
national aggregate data masks diver-
gent trends among the U.S. states. 

Spatial Patterns in  
Per Capita Alcohol  
Consumption and the Mix
Reviewing alcohol consumption 
among the 50 states (and the District 
of Columbia) reveals differences across 
states and how those differences have 
changed. Figure 2 presents box and 
whiskers plots of the state-level data, 
as five-year averages (seven-year 
average for 1970–1976), for total per 
capita consumption (Panel a), as well 
as per capita consumption coming 
from beer, spirits, and wine (Panel b) 
for the period 1970–2016. The boxes 
represent the middle 50% of states, 
the whiskers extend to represent 95% 
of states, and the dots represent any 
outliers. These data are official statis-
tics, which may reflect errors resulting 
from unrecorded alcohol consump-
tion—estimated as about 12%—or of 
border trade in response to differences 
in prices created by taxes and other 
policies.

In Panel a, in each five-year interval, 
average per capita consumption of 
ethanol varies considerably across 
the states. Comparing the plots for 
the 1970s and 1980s to the early 2000s 
reveals some decrease in the variance 
of consumption per capita (a shrinking 
of the box and whiskers) along with a 
slight decrease in the overall average. 
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However, the plots in Panel b reveal 
more than a simple convergence in 
consumption patterns. Across the 
40-year period, the national average 
share of beer rose and fell symmet-
rically; in the latter period, shares 
of both spirits and wine rose at the 
expense of beer. 

These plots also reveal a noticeable 
increase in the variance of beer and 
wine shares among states (a lengthen-
ing of the box and whiskers). Hence, 
although national shares among types 
of alcohol have become more equal, 
on average, the states appear to be 
diverging in terms of the extent to 
which they specialize in consuming 
beer, spirits, or wine. Our formal anal-
ysis of these data confirms what these 
plots suggest: since the early 1990s, 
per capita alcohol consumption pat-
terns have diverged among the states. 

Table 2 lists total alcohol consumption 
per capita and consumption mixes for 
selected states for the years 1970 and 
2016. In 2016, total alcohol consump-
tion per person (over age 14) ranged 
from less than 1.8 gallons in Utah 
and West Virginia up to well over 2.8 
gallons in 13 states and more than 
3.7 gallons in Delaware, the District 
of Columbia, and New Hampshire 
(at 4.8 gallons, perhaps reflecting 
border trade with consumers from 
higher-taxed neighboring states and 
Canada). The mix also varies consid-
erably among the states. Beer’s share 
of total alcohol in 2016 ranged from 
29% in the District of Columbia to 68% 
in West Virginia; spirits’ share ranged 
from 24% in Vermont to 48% in Dela-
ware; and, wine’s share ranged from 
6% in West Virginia to 41% in Idaho.  

What might account for these per-
sistent differences among states? 
Interstate differences in prices and 
per capita income alone are unlikely 
to fully account for the large and 
persistent differences in alcohol 
consumption we observe. We hypoth-
esize that much may be attributable 
to cultural differences—we eat and 

drink in ways that our grandparents, 
parents, friends, and neighbors did 
because that is what they taught 
us to do; although some tastes are 
acquired, some habits are persistent if 
not addictive, and we identify to some 
extent with the culture from which we 
came. If these aspects are important, 
in general and on average, we might 
expect to observe Americans of, say, 
German descent drinking significantly 
more beer and less wine per capita, 
compared with other Americans of, 
say, Italian descent. 

Demographic Influences  
on Demand for Alcohol
We compiled detailed data on per 
capita consumption of beer and wine 
disaggregated spatially, temporally, 
and across product spaces. Using these 
data, we modeled the demand for 
three categories of beer (craft, macro, 

and imported) as well as three catego-
ries of wine (low-priced dry, high-
priced dry, and other, where “dry” 
includes sparkling as well as still wine, 
and “other” includes sweet and forti-
fied wine) across 181 U.S. designated 
market areas (DMA) for 2006–2015. 
We found statistically and economi-
cally significant relationships between 
the demand for individual categories 
of beer and wine and socioeconomic 
and demographic characteristics. 
We highlight a few of our findings 
pertaining to measures of ancestry, 
political affiliation, population density, 
and income.

We created a measure of ancestral pre-
dicted beer (and wine) consumption 
per capita in a county by weighting 
the shares of the population of the 
county claiming ancestry from spe-
cific countries, as reported in the U.S. 

State or Region

Total Gal/Capita 1970 Shares 2016 Shares

1970 2016 Beer Spirits Wine Beer Spirits Wine

California 3.11 2.33 0.36 0.44 0.20 0.41 0.33 0.25

Delaware 3.12 3.72 0.38 0.56 0.07 0.32 0.48 0.20

District of Columbia 6.64 3.85 0.21 0.67 0.12 0.29 0.44 0.27

Florida 2.90 2.65 0.38 0.52 0.10 0.41 0.39 0.20

Idaho 2.04 2.92 0.59 0.37 0.05 0.32 0.28 0.41

Illinois 2.82 2.32 0.43 0.47 0.10 0.48 0.33 0.18

Nebraska 2.43 2.23 0.53 0.42 0.05 0.58 0.32 0.10

New Hampshire 4.82 4.76 0.35 0.59 0.07 0.39 0.42 0.19

New York 3.00 2.22 0.39 0.48 0.13 0.41 0.35 0.24

North Dakota 2.34 3.26 0.52 0.44 0.05 0.50 0.40 0.10

Texas 2.22 2.34 0.59 0.33 0.08 0.56 0.30 0.15

Utah 1.45 1.34 0.52 0.39 0.08 0.47 0.39 0.14

Vermont 3.50 3.08 0.40 0.49 0.11 0.51 0.24 0.26

West Virginia 1.64 1.76 0.53 0.42 0.05 0.68 0.26 0.06

Wyoming 2.59 2.67 0.50 0.44 0.06 0.44 0.44 0.12

Midwest 2.31 2.37 0.51 0.42 0.07 0.48 0.37 0.15

Northeast 3.04 2.42 0.43 0.47 0.10 0.43 0.36 0.22

South 2.33 2.27 0.45 0.47 0.08 0.49 0.35 0.16

West 2.82 2.42 0.46 0.43 0.11 0.43 0.35 0.23

United States 2.57 2.35 0.46 0.45 0.09 0.46 0.35 0.19

Table 2. Gallons of Ethanol per Capita, and Shares of Beer, Spirits, and Wine, for 
Selected U.S. States, 1970 and 2016

Notes: Based on population aged above 13 years.
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Census, by the corresponding rates of 
per capita beer (and wine) consump-
tion in those countries (Figure 3). We 
found that an increase in the ancestral 
preference for beer is associated with 
a decrease or no change in demand for 
all categories of wine and an increase 
in demand for macro and craft beer, 
but a decrease in demand for imported 
beer. An increase in the ancestral 
preference for wine is associated with 
an increase in demand for low-priced 
wine and a decrease in demand for 
macro beer, but also increases in 
demand for craft and imported beer 
and a decrease in demand for high-
priced wine.

Political affiliation is another cultural 
indicator associated with alcohol con-
sumption; political analysts sometimes 
refer to candidates as appealing to 
beer-track or wine-track voters. Our 
results were not so simple. Consum-
ers in areas where Trump had greater 
voter support in the 2016 national elec-
tion demand more macro beer and less 
wine, but also less craft and imported 
beer. 

Population density and income per 
capita are two of the more standard 
demographic variables included in 
our analysis. Our results indicated that 
consumers in more urban areas drink 
less overall, and prefer a different mix: 
they demand more high-priced wine 
and imported beer, less craft beer, 

Figure 3. Ancestral Beer Consumption, County Data, 2005–2009 Population 
and 1961–1964 Weights

and less low-priced wine; there was 
no meaningful relationship between 
population density and demand for 
macro beer. The income elasticities are 
greater for premium categories (high-
priced wine, craft beer, and import 
beer) than for the lower-end categories 
(low-priced wine and macro beer); 
that is, consumption of premium cate-
gories increases with income, whereas 
consumption of lower-end categories 
is less sensitive to income changes.

Conclusion 
Persistent patterns of per capita 
alcohol consumption in the United 
States are associated with enduring 
socioeconomic and demographic 
characteristics of the population. 
Total per capita alcohol consumption 
and shares among sub-categories of 
beer and wine differ significantly and 
persistently among populations and 
regions across the country. Drinking is 
often tied to culture and tradition. Our 
findings suggest that even after people 
immigrate to the United States, their 
ancestral beverage preferences persist 
and are passed on to their descendants 
to some extent. 

Our analysis shows that, compared 
with state-level data on aggregate 
categories, using spatially less- 
aggregated data on subcategories of 
beer and wine yields more informa-
tive results. Our data are still highly 

 For additional information,  
the authors recommend:
Hart, J., and Alston, J. M. (2019). 
Persistent Patterns in the U.S. 
Alcohol Market: Looking at the Link 
Between Demographics and Drink-
ing. Journal of Wine Economics 14(4): 
forthcoming.

Hart, J., and Alston, J. M. (2020). 
Evolving Consumption Patterns 
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gregated spatial analysis. Journal of 
Wine Economics 15(1): forthcoming.
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aggregative across people, places, and 
products. Data at the level of individ-
ual households could help resolve 
some remaining puzzles. 
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California’s land use trends 
include a significant reduction of 
land in farms and total cropland, 
together with conversion of 
land used for annual field crops 
to tree and vine crops. The 
significant investment in perennial 
crop production has increased 
tree nuts, vineyards, and other 
specialty crops’ share of irrigated 
land use from 30% in 1959 to over 
65% in 2017. 

California’s Changing Land Use Patterns  
for Crop Production, 1959– 2017
Hoy F. Carman

Perennial and field crop acreage adjust-
ments occurring over time are changing 
the nature of California’s agricultural 
landscape. Given the intensity of many 
major California crops, these adjust-
ments require time as well as major 
capital commitments. Growers make 
planting decisions for field crops and 
most vegetables annually but decisions 
for tree fruit, vine, and nut crop acre-
age adjustments begin several years 
before planting new trees or vines. 
Tree and vine crops typically involve a 
land commitment of 25 years or more. 
With limited total crop acreage that 
has been decreasing over time due to 
urbanization and development, acreage 
increases for one crop are typically 
offset by decreases for another. 

California farmers’ crop production 
decisions are important to the state’s 
economy as well as to consumers 
throughout the U.S. and in export 
markets. These decisions also interact 
with important environmental issues, 
such as water availability and quality. 
California’s unique combination of 
land resources and climate is favorable 
for production of a variety of specialty 
crops, as well as widely produced 
commodities. Official reports mention 
production of some 250 crops (or more), 
with statistics reported for at least 75 
major crops. The CA Department of 

Food and Agriculture reports 75 crop 
and livestock commodities in which 
California is the leading, and in 14 
cases, the sole U.S. producer. With 24.5 
million acres of land in farms, Califor-
nia’s 70,521 farms produced gross cash 
income of over $50.1 billion in 2017. 
This dollar figure was a significant 
change from 20 years earlier (1997) 
when 87,991 farms produced $20.0 
billion of gross cash income on 28.8 
million acres of land in farms. 

California Land Allocation
California has a large land area, but 
the amount suitable for crop produc-
tion is relatively limited. For example, 
California’s total land area is listed 
at 99,698,560 acres (or 155,779 square 
miles), but just 24,522,801 acres of that 
land is in farming (Table 1). The major-
ity (61%) of California’s 2017 land in 
farms consisted of permanent pasture 
and rangeland (11,606,249 acres), wood-
land and woodland pasture (1,847,551 
acres), and land in farmsteads, homes, 
buildings, facilities, ponds, and roads 
(1,471,562 acres). 

Harvested cropland in 2017 totaled 
only 7,857,512 acres, which was roughly 
equivalent to the 7,833,593 acres of irri-
gated land. These irrigated acres, which 
make up about 7.8% of California’s 
total land area, produce the specialty 
crops for which California is renowned. 
A comparison of California acreages   
reported in the 1959 and 2017 censuses 
with intervening years, reveal both vari-
ability and trends. Most pronounced is 
the reduction of over 12.3 million acres 
of land in farms from 1959 to 2017, 
which amounts to roughly one-third of 
the 36.9 million acres available in 1959. 
A smaller overall reduction of about 
26% in total cropland occurred between 
1959 and 2017. There was a small 2.0% 
decrease in harvested cropland, while 

irrigated land increased almost 6% 
during the same 58-year period. 

As shown in Table 1, both specialty and 
field crops are grown on California’s 
irrigated land. Specialty crops’ share of 
irrigated land has increased over time, 
from 30.6% in 1959 to 65.3% in 2017, 
while the field crops’ share decreased 
from 69.4% to 34.7% during the same 
period. 

Looking at specialty crop data for the 
most recent 20 years (1997–2017), one 
observes acreage decreases for vegeta-
bles (-112,644 acres), non-citrus fruits 
(-232,183), and citrus fruits (-3,596). 
At the same time, total grape acreage 
increased by 64,745 acres (7.4%), berry 
acreage increased 22,611 acres (74.6%), 
and nut acreage increased 1,154,377 
acres (132.8%). The net specialty crop 
change was an increase of 893,310 acres 
(21.2%). 

The acreage of each of the field crop 
categories in Table 1 decreased during 
the 20 years from 1997 to 2017. The 
largest acreage decreases were for grain 
and other field crops (-764,383) and 
cotton (-734,651), followed by irrigated 
pasture (-248,603), hay, haylage and 
silage (-121,402), and rice (-77,371) 
for a total decrease of 1,946,410 acres. 
Overall, California’s irrigated land area 
decreased from 8,886,693 to 7,833,593 
acres (-1,053,100) and specialty crop 
acreage increased by 893,310 acres, 
accounting for the decrease of 1,946,410 
acres of field crops. 

Specialty Crop Acreage 
Adjustments
Total specialty crop acreage has trended 
upward steadily over time. For the 
period from 1959 to 2017, each of the 
specialty crop categories except non-cit-
rus fruits registered significant acre-
age increases. Note in Table 1 that the 
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acreage of vegetables, non-citrus fruits, 
and citrus fruits each peaked in 1997. 
The acreage of grapes, nuts, and berries 
continued to grow through 2017. Nuts 
and grapes have registered the most 
substantial acreage increases over the 
total period, while the largest percent-
age increases are for nuts, followed by 
berries and grapes. Acreage adjustments 
vary by individual crops within each of 
the specialty crop categories. 

Vegetable Crops: In both 1997 and 
2017, California’s top twenty crops 
included five vegetable crops. Har-
vested acreage for these five crops in 
2017, with the change from 1997 in 
parentheses, were: all lettuce, 250,157 
(+22,591); tomatoes, 253,267 (-59,782); 
broccoli, 109,423 (-24,007); carrots, 
62,677 (-5,958); and garlic, 29,962 
(+1,609). Lettuce, California’s number 
one vegetable crop, not only increased 
acreage between 1997 and 2017, but 
the variety mix changed significantly. 

Head lettuce decreased from 159,874 
to 101,907 acres, while leaf lettuce 
increased from 40,479 to 57,885, and 
Romaine increased from 27,213 to 
90,364 acres. During the same 20 years, 
spinach increased from 17,841 to 48,374 
acres. 

Non-Citrus Fruits: Non-citrus fruit 
acreage (primarily tree fruits) increased 
from 1959, peaked in 1997, and then 
decreased through 2017 (Table 1). The 
decrease from a total of 597,339 acres 
in 1997 to 365,156 acres resulted in 
the 2017 acreage being 107,372 acres 
below the 1959 total. Total acreage 
(bearing and nonbearing) of the major-
ity of California tree fruits decreased 
from 1997 to 2017. The largest 20-year 
acreage decrease was for plums and 
prunes, which lost 92,491 acres, with 
64,702 acres standing in 2017. Standing 
2017 acreage for other tree crops with 
20-year losses in parentheses include: 
apples, 13,637 (-36,067); peaches, 44,987 

(-35,617); nectarines, 17,618 acres 
(-23,985); avocados, 57,192 (-17,797); 
apricots, 11,834 (-14,537); figs, 7,394 
(-13,172); pears, 11,011 (-10,982); and 
kiwifruit, 4,173 (-2,245). Acreage of four 
fruit crops increased between 1997 and 
2017; pomegranates, 26,245 to 30,917 
acres; sweet cherries, 14,957 to 36,853 
acres; dates 4,893 to 11,423 acres; and 
olives 2,059 to 42,420 acres. With the 
large net loss of acreage, non-citrus fruit 
was the only specialty crop category 
with fewer acres in 2017 than in 1959.

Grapes: California’s total grape acre-
age increased from 870,527 acres in 1997 
to 935,272 acres in 2017. In 1997, wine 
production comprised 48% of California 
grape acreage, while raisins accounted 
for 40%, and table grapes were 11.3%. 
The distribution by utilization in 2017 
was 67.6% wine, 19.1% raisin, and 
13.4% table grapes, with the major 
change attributed to raisin production 
converting to wine production. Over 
the two decades, the absolute acreages 
of wine and table grapes each signifi-
cantly increased while the acreage of 
grapes used for raisins declined. 

Citrus Fruit: The total acreage of 
citrus varied between 242,475 and 
268,836 acres from 1959 and 1987, then 
increased and varied between 315,378 
and 303,101 acres during the period 
from 1997 to 2017 without a clear over-
all trend. The relative overall stability, 
however, obscures some pronounced 
changes in the acreage of individual 
fruits. The total acreage of mandarins 
and mandarin hybrids increased from 
10,100 acres in 1998 to 63,300 acres in 
2018, while Valencia oranges decreased 
from 78,300 to 28,600 acres during the 
same period. 

Nuts: Table 1 and Figure 1 illustrate 
the dramatic growth in California tree 
nut acreage. Total nut acreage grew 
from 250,571 acres in 1959 to 2,023,746 
acres in 2017, an increase of 1,773,175 
acres. The nut share of California’s 
total irrigated acreage reached 25.8% 
in 2017. The latest distribution of total 
nut acreage is almonds, 62.6%, walnuts, 

Table 1.  California Land, Cropland and Irrigated Land in Farms by Major Crops, 
1959–2017

Census Year
1959 1969 1978 1987 1997 2007 2017

Acres
Land in Farms 36,887,948 35,722,348 33,130,362 30,598,178 28,795,834 25,364,695 24,522,801

Total Cropland 12,965,640 11,245,140 11,721,056 10,894,503 11,062,811 9,464,647 9,597,439
Harvested 
Cropland 8,021,836 7,649,021 8,899,360 7,676,287 8,676,242 7,633,173 7,857,512

Irrigated Land 7,395,570 7,240,131 8,603,719 7,596,091 8,886,693 8,016,159 7,833,593
Specialty Crops

Vegetables 814,322 849,349 1,168,847 1,102,167 1,536,484 1,504,919 1,423,840
Non-Citrus 
Fruits 472,528 497,320 486,233 538,191 597,339 444,664 365,156

Grapes 469,234 458,261 644,302 707,748 870,527 868,330 935,272

Citrus Fruits 242,475 266,141 248,632 268,836 315,758 303,101 312,162

Nuts 250,571 365,978 540,710 637,889 869,369 1,210,203 2,023,746

Berries 14,271 10,530 14,204 16,600 31,356 42,081 52,930

Total  
Specialty Crop 2,263,401 2,447,579 3,102,928 3,271,431 4,220,833 4,373,298 5,113,106

Specialty 
Share of 
Irrigated Land

30.60% 33.81% 36.06% 43.07% 47.50% 54.56% 65.27%

Field Crops
Rice NA NA 485,416 399,193 514,081 531,075 436,710

Cotton 820,724 659,904 1,520,708 1,083,811 1,036,316 471,378 301,665
Hay, haylage, 
silage 1,369,343 1,286,866 1,204,421 1,279,364 1,465,504 1,554,197 1,344,102
Irrigated 
Pasture NA NA 868,768 631,991 733,506 741,911 484,903

Grain & Other 2,942,102 2,845,782 1,421,478 930,301 916,453 344,300 153,107
Total Field 
Crops 5,132,169 4,792,552 5,500,791 4,324,660 4,665,860 3,642,861 2,720,487

Source:  USDA Census of Agriculture, various years. 
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20.6%, pistachios, 16.6%, and other 
nuts, 0.3%. The acceleration in tree nut 
acreage during the most recent 20 years 
is clear in Figure 1. Total nut plantings 
increased 1,152,893 acres between 1997 
and 2017, with almonds adding 725,593 
acres, walnuts increasing by 183,746 
acres, and pistachios by 243,554 acres.

Berries: Growth of California berry 
acreage since 1959 has been substantial, 
with particularly increased acreage 
since 1997. Berry crops are labor- inten-
sive and high value. California’s 2017 
strawberry crop had a total value 
exceeding $3.1 billion, ranking number 
four in total receipts following dairy, 
grapes, and almonds. The total value 
of raspberries and blueberries ranked 
19th and 39th, respectively. Strawberry 
plantings registered the largest absolute 
acreage increase between 1997 and 2017 
(+8,387 acres), followed by blueber-
ries (+7,039), raspberries (+4,847), and 
blackberries (+1,627). While strawber-
ries continue to dominate California 
berry acreage their relative share has 
decreased from 90.5% in 1997 to 69.5% 
in 2017.

Economic Factors Associated 
with Acreage Adjustments
The trends in irrigated land allocations 
and acreage adjustments evident in 
California Agricultural Census’s since 
1959 are all about producers’ profit 
expectations and the profitability of 
individual commodities. Many factors 
can enter into the formation of expected 
profits and the weights attached to 
different factors likely vary by produc-
ers/investors. Empirical studies on 
perennial crop plantings have found 
that recent measures of revenue per acre 

(price times average per acre yields) are 
positively associated with acres planted. 
As expected, input costs tend to be 
inversely related to acres planted. Long-
term changes in consumer demand are 
also reflected in acreage adjustments, 
as are changing trade relationships and 
comparative advantage. 

Acreage adjustments outlined above 
have some obvious ties with changing 
consumer preferences and shifts in 
demand. The lettuce acreage alloca-
tions from iceberg to leaf and Romaine, 
together with the increase in spinach 
acreage, are closely related to the grow-
ing popularity of pre-cut and packaged 
salad greens and salad kits. Likewise, 
the growth of mandarin and mandarin 
hybrid plantings is due to the popu-
larity of small “easy peeler” mandarin 
varieties. 

Consumer preferences shifted from 
California’s major apple varieties (Red 
Delicious, Granny Smith and Graven-
stein) to a plethora of new and tastier 
varieties (e.g., Honeycrisp, Gala, Fuji, 
Braeburn, Jazz, and Cameo) grown in 
other states. Meanwhile, wine grape 
vineyards steadily replaced apple 
orchards in several California areas. 
Increasing export demand and the com-
parative profitability of nut crops were 
at the center of increased acreage of 
almonds, walnuts, and pistachios. The 
2017 ranking of California agricultural 
product export values lists almonds as 
number one ($4.48 billion), pistachios 
as number three ($1.52 billion), and 
walnuts as number four ($1.37 billion). 
The growth of blueberry acreage can 

be associated with the well-publi-
cized healthful properties of blueberry 
consumption and California’s seasonal 
timing of production, beginning when 
imports phase out in the early spring 
and ending when volumes from the 
Northwest ramp up in June. 

Concluding Comments
California’s important agricultural 
land use and irrigated land cropping 
decisions since 1959, as reported by 
the USDA’s quinquennial agricultural 
censuses, reflect developing trends in 
domestic and export demand and have 
involved substantial capital invest-
ments. The major and continuing trends 
have been decreasing cropland and 
conversion of irrigated cropland from 
field crop to specialty crop use. This 
conversion has required large capital 
investments, and the new high-value 
specialty crop production has been an 
important factor in increased annual 
agricultural revenues. Perennial crops’ 
growing share of crop acreage has 
reduced California farmers’ annual 
cropping flexibility.

Census Year 1959 1997 2017

Crop ----------- acres -----------------

Blackberries 418 550 2,177

Blueberries 43 223 7,262

Raspberries 181 1,730 6,577

Strawberries 11,285 28,381 36,768

Other Berries 2,344 472 146

Total 14,271 31,356 52,930

Table 2. California Berry Acreage by 
Crop: 1959, 1997, and 2017
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Figure 1.  California Tree Nut Acreage, 1959–2017  

Source: USDA. Census of Agriculture, various years. 
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