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Evolving Consumption Patterns in the U.S. Alcohol Market:
Disaggregated Spatial Analysis
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Abstract

Global consumption patterns for alcoholic beverages are evolving, with some conver-
gence in per capita consumption among nations as traditionally beer-drinking nations
increase their consumption of wine and, conversely, wine-consuming nations shift
towards beer. This article explores regional patterns of alcoholic beverage consumption
within the United States. One purpose is to see if similar patterns of spatial convergence
in consumption patterns can be observed within countries as have been documented in
international comparisons. A more fundamental purpose is to explore the converse ques-
tion and seek to better understand the persistent differences in alcoholic beverage con-
sumption among groups. These issues are addressed using annual U.S. national and
state-level data over four decades and, for the more recent period, supermarket
scanner data at finer scales of geopolitical aggregation. Socioeconomic and other demo-
graphic variables appear to play significant roles in accounting for the spatial differences
in consumption patterns, although the details vary across different models and data sets.
The analysis of demand using less-aggregative data for a shorter time period reveals some
shortcomings in the corresponding analysis based on state-level data over a longer time
period, but with poorly measured prices. These findings might extrapolate to studies
making international comparisons using national aggregate data. (JEL Classifications:
D12, L66)
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6 Evolving Consumption Patterns in the U.S. Alcohol Market

1. Introduction

Alcohol consumption patterns and their determinants are of interest to public pol-
icymakers and others for various reasons. One reason is public finance. In many
places, alcohol excise taxes are a significant source of government revenue.
Another reason is public health. A primary rationale for the excise taxes is that
they correct for externalities that arise when alcohol consumption imposes external
social costs through its consequences for health, drunk driving, and other antisocial
behavior. Some evidence suggests that these taxes are not set high enough to maxi-
mize net social welfare—even in Australia where the tax rates are comparatively high
(e.g., Freebairn, 2010)—and various groups around the world are pressing for stron-
ger policies to reduce alcohol consumption and its social costs (e.g., WHO, 2014;
U.S. Office of the Surgeon General, 2016).! A deeper understanding of the nature
of the demand for alcohol and the evolving consumption patterns will be potentially
helpful in all such considerations, as well as for informing industrial policy and com-
mercial decisions by those who produce and market alcoholic beverages.

Holmes and Anderson (2017) document and discuss trends in alcohol consump-
tion patterns around the world using national per capita data (e.g., Colen and
Swinnen, 2016; Anderson, Meloni, and Swinnen, 2018). Updating and extending
on previous studies by employing additional measures as indicators, applied in the
context of a more comprehensive global dataset, Holmes and Anderson (2017)
report evidence of a general convergence in alcohol consumption patterns among
countries, in terms of both total per capita consumption of alcohol, and the mix
of beer, wine, and spirits in that total; but not simply that. They summarize their
main findings as follows: “The above global data show big changes in national,
regional, and global alcohol consumption patterns. At the global level we note
that during 1961-2014, wine’s share of the total volume of alcohol consumption
more than halved, from 34% to 15%; beer’s rose by more than one third, from
29% to 42%; and spirits’ rose only a little, from 37% to 43%. These figures reveal
a trend away from equal global shares of the three beverages. At the national
level, the above analysis provides a number of indicators of convergence in alcohol
consumption patterns toward that changing global average mix, but also some
anomalies” (Holmes and Anderson, 2017, pp. 144-145). After some discussion of
those anomalies the authors conclude: “In short, we find strong but not unequivocal
indications of convergence in national alcohol consumption patterns across the
world” (Holmes and Anderson, 2017, p. 146). On the other hand, perhaps the
more striking fact revealed by these and other data presented by Colen and
Swinnen (2016) is the strong persistence of systematic differences in national
alcohol consumption patterns, in terms of both total per capita consumption and

'But we have seen much more public advocacy for taxing beverages containing sugar than beverages
containing alcohol in recent years in the United States and several other countries (e.g., Willett et al.,
2019).
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the mix of alcoholic beverages, in spite of the substantial integration of the global
market wrought by globalization (see, e.g., Anderson and Pinilla, 2018).

These studies of national alcohol consumption patterns provide both inspiration
and a launching pad for the present study. Among nations, the United States is one
of the world’s largest consumers of alcoholic beverages, but it is a physically large
and culturally and economically diverse country. Simple analysis of state-level data
reveals large and apparently persistent differences among U.S. states in terms of
total per capita consumption of alcohol, and the mix (e.g., Fogarty and
Parameswaran, 2017; Fogarty and Voon, 2018; Haughwout and Slater, 2018). We won-
dered whether these data might show similar trends—allowing U.S. states to play the
roles played by countries—as revealed by the analysis of Colen and Swinnen (2016) and
Holmes and Anderson (2017) using national aggregate data in a global context.

Our interest in this aspect has been anticipated and to some extent addressed by
Fogarty and Voon (2018). Fogarty and Voon (2018) analyzed trends in U.S. state-
level per capital consumption of beer, wine, and spirits for the years 1972-2012,
using variants of the approaches used by Holmes and Anderson (2017), as well as
some different methods; they also made some forecasts and investigated the effec-
tiveness of alcohol policies. In brief, they concluded that “...from the early 1970s
through the early 2000s, a pattern of convergence in both the level of consumption
and the consumption mix was evident, but since the early 2000s, and unlike the
pattern observed globally, there has been a reversal of this trend” (Fogarty and
Voon, 2018, p. 121). In our own analysis of convergence using similar data and
methods, summarized later, we reach similar conclusions.

As well as being interested in convergence, we are also interested in the lack of it.
In the days of yore, differences in consumption bundles might have been attributed
primarily to the supply side—local absolute and comparative advantage in raw
materials (e.g., barley and grapes) and high transport costs for both raw materials
and their fermented products (beer and wine). But what accounts for the large
and persistent spatial differences in alcohol consumption patterns nowadays, when
markets are spatially well integrated, interstate trade barriers are comparatively
small, and prices are similar across the nation (and, indeed, among countries)? A
deeper understanding of the determinants of U.S. national consumption patterns
on a finer spatial scale might also shed light on the international patterns described
by Colen and Swinnen (2016), Holmes and Anderson (2017), and Anderson,
Meloni, and Swinnen (2018).

The persistent spatial differences in consumption patterns appear to reflect differ-
ences in preferences among populations, which we explore by examining the links
with demographic characteristics of U.S. populations. In the first main part of the
article (Sections II, III, and 1V), we conduct some descriptive analysis using state-
level per capita data for the period 1970-2016, including some tests for convergence
and discussion of potential sources of persistent differences among states. Next
(in Section V), using the same data we estimate single-equation models of demand
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and a demand system model (of the Rotterdam model form), treating alcohol as a
weakly separable group; the results are mixed.

In the third and final main part of the article (Section VI), we estimate the same type
of demand system model using scanner data from supermarkets for beer and wine, but
excluding other forms of alcohol, for the more recent period, 2006-2016.? Delving
beneath the aggregate categories, in these data we observe diverging trends within
product categories. Market shares of higher-priced (craft) beer are growing, whereas
shares of lower-priced (macro) beer are diminishing. We also see an increase in the
share of higher-priced wine. These patterns of premiumization suggest a trend of
demand shifting toward higher-quality (at least, higher-priced) beer and wine. As
well as allowing better estimation of demand elasticities, the analysis using these
less aggregative data is more informative for understanding the changing consumption
patterns and their links to socioeconomic and demographic variables.

II. An Overview of U.S. National and State-Level Alcohol Consumption

In this section, we describe historical U.S. alcohol consumption, and the differences
in alcohol consumption across states. Haughwout and Slater (2018) discuss national,
state, and regional trends in U.S. per capita apparent alcohol consumption using
annual data, by beverage type, for the 40-year period 1970-2016. They also
provide data in incomplete series back to 1850. As these longer-term data show
(Figure 1), total U.S. per capita alcohol consumption has risen and fallen signifi-
cantly over time; but for most years it ranged between 2.0 and 2.5 gallons per
capita apart from the period of Prohibition (1920-1933) for which reliable data
are not available, and the years immediately following. 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 1982. From that peak, per capita con-
sumption of alcohol declined to 2.15 gallons per year for 1993-1998, 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 plots in Figure 1 reveal move-
ments in the mix. Up through the decade of the 1880s, the United States might well
have been best described as a whiskey-drinking nation, with spirits 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 con-
sumption, and the share of wine has trended upwards slowly, at the expense of both
beer and spirits. Still the relative shares of national alcohol consumption have been
comparatively stable over five decades, going from (beer, spirits, wine) = (0.463,
0.450, 0.089) in 1970 to (0.459, 0.353, 0.187) in 2016 (Table 1); unlike the world

2In their Selected Proceedings article, based on the same work, Hart and Alston (2019) summarize the
results presented in full in Section VI.
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Figure 1
Consumption of Alcohol Per Adult, United States, 1850 to 2016

(a) Litres of alcohol per adult (as wine, spirits, beer, and in total)
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(b) Percentage shares of alcohol per adult (as wine, spirits, beer, and in total)
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Notes: Based on population aged above 14 years prior to 1970 and above 13 years thereafter.
Source: Created by the authors using data from Haughwout and Slater (2018).

as a whole. As shown by Holmes and Anderson (2017) using data measured on a dif-
ferent basis, U.S. per capita alcohol consumption in the current decade is 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.
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Table 1
Gallons of Ethanol Consumed per Capita, and Shares of Beer, Spirits, and Wine,
for U.S. States, 1970, 1997, and 2016
Total (Gal.lAdult) 1970 Shares 1997 Shares 2016 Shares

State or

Region 1970 1997 2016 Beer Spirits Wine Beer Spirits Wine Beer Spirits Wine
AL 1.38 1.82 2.01 043 0.50 0.07 0.63 0.28 0.09 0.54 0.33 0.13
AK 362 256 294 033 0.57 0.10 0.51 035 0.14 039 042 0.19
AZ 273 244 231 050 038 0.12 059 028 0.13 049 034 0.17
AR 143 1.71 1.80 0.49 041 0.09 0.63 0.30 0.07 0.52 0.36 0.12
CA 3.11 228 233 036 044 020 0.50 0.27 023 041 033 0.25
CO 275 248 282 043 046 0.11 052 032 0.15 041 041 0.18
CT 2.80 2.17 245 036 0.52 0.12 044 034 022 035 040 0.25
DE 312 281 372 038 056 0.07 049 035 0.16 032 048 0.20
DC 6.64 3.83 385 021 067 0.12 037 042 021 029 044 027
FL 290 253 265 0.38 0.52 0.10 0.54 0.32 0.15 041 0.39 0.20
GA 195 213 194 041 052 007 056 033 0.11 051 036 0.13
HI 248 233 263 045 045 0.10 059 024 0.17 049 029 0.22
1D 2.04 195 292 0.59 0.37 0.05 0.57 0.26 0.17 0.32  0.28 0.41
1L 2.82 226 232 043 047 010 056 029 0.16 048 0.33 0.18
IN 1.81 1.85 2.17 055 038 007 059 032 0.10 045 041 0.14
1A 1.83 1.85 240 0.59 0.37 0.03 0.69 024 0.06 0.54 0.36 0.10
KS 1.59 1.67 192 0.54 041 0.06 0.64 029 0.07 0.53 039 0.07
KY 1.86 1.72 198 050 045 004 0.62 0.31 0.07 049 040 0.11
LA 240 244 259 050 0.38 0.12 0.62 0.29 0.09 048 0.39 0.13
ME 237 216 281 0.52 044 0.04 054 031 0.15 048 036 0.16
MD 295 211 215 044 047 009 051 035 0.14 039 043 0.19
MA 2.80 239 257 041 048 0.11 047 0.32 0.21 0.37 0.38 0.25
MI 2.68 2.07 234 0.51 040 0.09 057 032 0.11 044 039 0.17
MN 253 231 277 045 049 006 052 037 0.12 042 042 0.16
MS 1.61 2.09 223 051 044 0.05 0.67 0.29 0.04 0.57 0.35 0.08
MO 232 215 249 049 043 0.08 0.61 029 0.10 046 039 0.15
MT 2.70 232 3.11 057 038 005 061 027 0.12 052 032 0.17
NE 243 2.09 223 0.53 042 0.05 0.64 0.27 0.09 0.58 0.32 0.10
NV 5.58 372 346 031 057 012 049 035 0.16 041 042 0.18
NH 482 404 476 035 059 007 044 043 0.13 039 042 0.19
NJ 293 219 234 040 047 0.13 045 034 021 035 0.39 0.25
NM 2.54 233 227 047 039 014 065 025 0.10 049 037 0.14
NY 3.00 1.79 222 039 048 0.13 048 0.31 020 041 035 0.24
NC 1.79 197 213 040 0.51 0.09 0.62 0.26 0.12 049 0.30 0.20
ND 234 230 326 0.52 044 005 0.61 034 006 050 040 0.10
OH 222 1.89 204 055 037 008 068 023 0.10 056 029 0.15
OK 1.76 1.65 1.88 044 0.48 0.08 0.67 0.26 0.07 0.56 0.34 0.10
OR 247 224 275 048 037 016 053 027 020 045 033 022
PA 228 195 236 055 036 008 068 023 009 05 0.31 0.14
RI 2.83 230 257 045 041 0.13 0.53 0.28 0.19 0.37 041 0.23
SC 2.04 240 222 039 053 008 062 030 008 053 036 0.11
SD 197 215 287 047 046 007 062 032 0.06 051 038 0.11
TN 1.52 1.80 2.14 0.57 0.38 0.04 0.64 0.28 0.08 048 0.37 0.15
X 222 222 234 059 033 0.08 070 0.21 0.09 0.56 030 0.15

Continued
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Table 1
Continued
Total (Gal.lAdult) 1970 Shares 1997 Shares 2016 Shares
State or

Region 1970 1997 2016 Beer Spirits Wine Beer Spirits Wine Beer Spirits Wine

uT 145 127 134 052 039 0.08 059 031 011 047 039 0.14
vT 3.50 237 3.08 040 049 0.11 055 027 019 051 024 0.26
VA 233 1.88 214 048 044 0.09 059 026 0.16 047 031 023
WA 266 215 226 045 040 015 051 029 020 042 034 0.23
wv 1.64 158 176 053 042 005 071 023 0.06 068 026 0.06
WI 318 271 298 054 039 007 058 033 009 046 041 0.14
wY 2.59 240 267 050 044 0.06 059 034 0.07 044 044 0.12

Midwest ~ 2.31 2.11 237 051 042 007 060 029 011 048 037 0.15
Northeast 3.04 2.06 242 043 047 0.10 052 031 018 043 036 0.22
South 233 213 227 045 047 008 061 028 011 049 035 0.16
West 2.82 230 242 046 043 011 052 028 0.19 043 035 0.23

U.S. 257 215 235 046 045 009 057 029 014 046 035 0.19

Notes: Based on population aged above 13 years.

Source: Created by the authors using data from Haughwout and Slater (2018) and NIH/NIAAA (2019).

We are also interested in the differences among the 50 states (and the District of
Columbia) that contribute to that total, and how those differences have changed.
Figure 2 presents box and whiskers plots of state-level data, as five-year averages
(seven-year average for 1970-1976), for the shares of total per capita consumption
coming from beer, spirits, and wine (Panel a), as well as total per capita consumption
(Panel b), for the period 1970-2016; Table 1 summarizes the state-level statistics for the
years 1970, 1997, and 2016.3 As these comparisons reveal, the national and regional
average data mask considerable variation among states. In 2016, total alcohol con-
sumption per person (over age 14) ranged from less than 1.8 gallons in Utah and
West Virginia up to well more than 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 illicit or legal border trade with consumers from higher-taxed neigh-
boring states and Canada). The mix also varies considerably 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 Delaware; and
wine’s share ranged from 6% in West Virginia to 41% in Idaho. Some states saw
radical changes in consumption shares over time, such as Idaho with beer and wine

3 These data are official statistics. Holmes and Anderson (2017) note the problem of unrecorded alcohol con-
sumption, which for the United States is estimated as about 12 percent (1.1 liters of alcohol per capita per year
out of 9.1 liters of alcohol of which 8.0 liters were recorded). See, also, WHO (2015). The extent of unrecorded
alcohol consumption varies substantially among countries, and might also vary substantially among U.S.
states, reflecting differences in alcohol policies and cultural differences. Other measurement errors might
arise as a consequence of border trade where consumers arbitrage between U.S. states, or between the
United States and Canada, in response to differences in prices created by taxes and other policies.
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shares of 59% and 5%, respectively, in 1977, and 32% and 41% in 2016—potentially
grounds for skepticism about some of the data.

III. Convergence among States in Per Capita Alcohol Consumption
and the Mix

Against the background of these general trends we now turn to a deeper consider-
ation of the extent to which states are becoming more or less similar in their alcoholic
beverage consumption habits. Using various measures, we find that, if anything, con-
sumption patterns have diverged among states since the late 1990s. In subsequent
sections we look into potential explanations.

Figure 2 offers informal insight into the extent to which the per capita consumption of
alcohol and the shares coming from beer, spirits, and wine vary among states. The plots
in Panel a show considerable variation in average per capita consumption of ethanol
across the states in each five-year interval, but suggest consumption per capita has con-
verged somewhat across states while generally trending down. Comparing the plots for
the 1970s and 1980s to the early 2000s reveals some decrease in the variance of con-
sumption per capita. However, the plots in Panel b reveal more than a simple conver-
gence in consumption patterns. Across the 40-year period, the national average share
of beer rose and fell symmetrically; 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 var-
iance of beer and wine shares among states. Although national alcohol shares among
types of alcohol are becoming more equal, on average, the states may be diverging in
terms of the extent to which they specialize in beer, spirits, or wine.

This question of the nature and extent of convergence can be approached more for-
mally. We use the same three indicators of convergence employed by Holmes and
Anderson (2017) applied to U.S. state-level data. First, for each year in the sample,
using the state-level data, a coefficient of variation (CV;) was computed for total
per capita consumption of ethanol, as well as for per capita consumption of beer,
spirits, and wine. Second, a beverage consumption intensity index, CI; for beverage
i in state (or region) j can be computed for any given time period as CI;= f;lf;,
where f;; is the fraction of total alcohol consumed as beverage i in state (or region) j
and f; is corresponding national fraction of total alcohol consumed as beverage i.
An estimate of CI;, > 1 indicates state j is comparatively specialized in consuming bev-
erage I. Third, using the same measure, f;;, an index, wj can be used to measure the
similarity of the alcoholic beverage mix of one state, i to that of another state (or
the nation as a whole), k£ and therefore to study changes in similarity of the alcoholic
beverage mix among the 50 states and the District of Columbia over time:

Z?:lf’}fik : )
(L) (i)

wjk =

o=
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Figure 2
Consumption of Alcohol in U.S. States, Five-Year Averages, 1970 to 2016

(a) Gallons of ethanol per capita

Ethanol consumption per capita

0
1970-76 1977-81 1982-86 1987-91 1992-96 1997-01 2002-06 2007-11 2012-16

(b) Shares of ethanol from beer, wine, and spirits
0.8 ®Beer ® Spirits ® Wine

Shares by type

0
1970-76 1977-81 1982-86 1987-91 1992-96 1997-01 2002-06 2007-11 2012-16

Notes: Based on population aged above 13 years. Boxes represent quartiles, whiskers 95% confidence intervals, and dots are outliers.
Source: Created by the authors using data from Haughwout and Slater (2018).

Using Equation (1), for each five-year period of the data, 7, we computed a 51 x 51
matrix of wy, ; representing the 50 states and the District of Columbia, and we
added a row (and a column) to include measures of similarity between each of
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these 51 and the nation as a whole, to make it 52 x 52.# The mean size of the index, w
is a useful measure of the degree of similarity among states, whether it is computed for
an individual state, k, as a measure of its similarity to all others, @y, or across the entire
population of states, @, to measure the overall similarity among them.>

Fogarty and Voon (2018) discuss an issue with the similarity index measure noted
by Mills (2018). The adding-up constraint for the alcohol shares implies restrictions
on the covariance relationships across beer, wine, and spirits. Mills (2018) details the
consequences of this issue and provides a solution: use the trace of the centered log-
ratio covariance matrix for alcohol shares: #(T',), for period ¢. This measure, as
defined by the matrix in Equation (2), approaches zero as states become more
similar in their consumption mix.

rt == COV{F‘[[7 Fll} (2)

Here i, / = wine, beer, and spirits; and in period ¢, F;; = [ln (J/?Il> ,o..,In 6”)] for
t1 tJ
state 1, 2, ..., J; f;; 1s the share of good i in state j #; and f; is the geometric mean of

the alcohol shares in state j.

To summarize our findings regarding convergence, three measures of variation in
per capita alcohol consumption among U.S. states are reported in Table 2: (1) the
coefficients of variation for per capita consumption of spirits, wine, and beer and
total alcohol, (2) an overall index of the similarity of the shares of spirits, wine,
and beer in the total, and (3) the trace of the centered log-ratio covariance matrix
for alcohol shares. The measures are calculated for five-year periods using annual
data for the 50 states and the District of Columbia for 1970-2016. For convenience,
1 — @ is shown for the similarity index instead of @ such that higher values indicate
greater variance. While the patterns in the CV measures are less clear, the similarity
index and trace both suggest that consumption patterns across states became more
similar from 1970 until the early 1990s, but since then the consumption patterns
diverged. These findings update and reinforce those from Fogarty and Voon
(2018) but with slightly different timing of the reversal in the trend.

IV. Accounting for Differences among States in Per Capita Alcohol
Consumption

As noted, while representative consumers in most U.S. states drink more beer than
any other form of alcohol, they vary in terms of how much they drink and the extent

4 As noted by Holmes and Anderson (2017) this formulation was borrowed from applications to analysis of
spatial technology spillovers (e.g., Alston et al., 2010). It is conceptually similar to a correlation coefficient
and, like a correlation coefficient, it is completely symmetric in that @ = wy; and o = 1, and 0 <wp < 1.

3 Plots of these measures of convergence (CV; and CV;) are included in the Supplementary Online Material
(SOM).
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Table 2
Convergence Measures: Coefficient of Variation, Similarity Index, and Trace

Coefficients of Variation

Year Spirits Wine Beer Total 1-@ Trace
1970-1976 0.544 0.604 0.206 0.354 0.026 0.154
1977-1981 0.455 0.601 0.189 0.300 0.024 0.152
1982-1986 0.413 0.552 0.176 0.270 0.021 0.139
1987-1991 0.394 0.494 0.164 0.244 0.020 0.133
1992-1996 0.383 0.514 0.162 0.233 0.017 0.152
1997-2001 0.360 0.518 0.159 0.217 0.019 0.175
2002-2006 0.339 0.513 0.160 0.214 0.022 0.170
2007-2011 0.330 0.506 0.172 0.218 0.024 0.174
2012-2016 0.329 0.501 0.193 0.228 0.030 0.176

Notes: Based on population aged above 13 years.

Source: Created by the authors using data from Haughwout and Slater (2018).

to which they are specialized in beer drinking; and these differences are persistent,
though not totally unchanging.® What can account for these persistent differences
among states? Candidate explanations include interstate differences in prices and
income among consumers, differences in policies, and differences in tastes—some
of which might be connected to the causes of the differences in policies and prices.

In the context of international data, both Colen and Swinnen (2016) and Holmes
and Anderson (2017) focus on per capita income as a primary consideration (finding
some evidence of an inverted U-shaped relationship between per capita income and
alcohol consumption) along with prices paid by consumers (and taxes as an
influence on them), as factors influencing per capita demands among nations. In
our context, with U.S. states playing the role of nations, state-level data are available
on measures of per capita income, but we do not have access to good time-series data
on state-level prices.” These conventional variables belong in any economic model of
consumer behavior, but prices and income alone are unlikely to account for the large
and persistent differences in alcohol consumption that we observe among U.S. states.

A more obvious answer for a non-economist might be cultural differences—we eat
and drink in ways that our grandparents, parents, friends, and neighbors did because

SChanges over time in per capita behavior could reflect changes in behavior of a constant population
(including its age distribution and so on) or changes in composition of the population. We allow for
this possibility and other sources of structural change by splitting the data for some of the demand analysis
into two sub-periods, but more fully untangling these elements is a subject for future research.

"We do have regional time-series data on representative prices for different types of alcoholic beverages,
and some information on state-specific alcohol taxes and regulations, which might be the primary deter-
minant of interstate differences in prices. However, the quality composition of both “beer” and “wine” has
been changing over time in ways that might give rise to significant problems of index number bias unless
relatively detailed data could be availed. Unfortunately, we do not even have access to consistent series of
average unit values.
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that is what they taught us to do; 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 would 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, holding other
factors constant. Data are available on this aspect of the demographic structure of
the population of U.S. states which, within any particular state, might not change
quickly enough to account for changes over time, but is significantly different
among states in ways that could account for persistent spatial differences.

The United States is a physically and economically large and diverse geopolitical
entity. Space matters. Most U.S. wine is produced within 100 miles of the Pacific
Ocean, mainly in California. Most Americans live far from there. In the United
States wine tends to be consumed at higher rates per capita in the states where it
is produced, in the same way that wine tends to be consumed at higher rates per
capita in countries that are major wine producers and exporters. Differences in com-
parative advantage and historical patterns of production among nations have con-
tributed to cultural norms and traditions related to alcohol consumption that have
carried forward with those who emigrated to the United States.

Among the 50 states and Washington, DC, populations differ ethnically and cul-
turally in ways that are likely to matter for alcohol consumption. Much of the
country—especially in the Midwest—was settled by Northern Europeans who are
traditionally drinkers of beer or spirits, rather than wine; Southern Europeans,
who are traditionally more likely to be wine drinkers, are more predominant in
the Northeast. Other significant ethnic groups—Hispanics, African-Americans,
and Asians—are also traditionally more likely to be beer drinkers than wine
drinkers.

Combining U.S. data on ancestry (measured as the proportions of the population
coming from different national ethic origins) with data on the internationally diverse
shares of national alcohol consumption coming from beer, spirits, and wine, allows
us to measure the degree to which states (or counties or other geographical areas)
have historical cultural ties to beer, spirits, and wine drinking nations. Specifically,
we measure the “ancestral” (predicted) rate of consumption of alcohol type i in geo-
graphical area, j, 4;; as a weighted average of the rate of consumption of that alcohol
type across nations (v for type i in country k during 1961-1964 from Holmes and
Anderson, 2017) where the weights are the proportions of residents in area j having
ancestry from country k, pj:

K
Ay = AZ:I VikPjk 3)

For example, suppose 60% of the residents of County X identify their primary ances-
try as French and 40% as German. Since French beer consumption was 0.48 gallons
(of ethanol) per capita, and German beer consumption was 1.46 gallons (of ethanol)
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per capita, the ancestral rate of consumption of beer for County X is 0.87 (= 0.6 X
0.48 + 0.4 X 1.46) gallons (of ethanol) per capita. The ancestral rate of beer con-
sumption, for example, varies greatly across the United States. Owing primarily to
the large Hispanic shares of the population, the Southwest region of the country
has high ancestral beer consumption. Conversely, states in the Northeast typically
have lower ancestral beer consumption owing to large Southern European popula-
tion shares. Maps in the SOM illustrate how this measure varies across states.

In addition to ethnicity, culture and religion play a role in current consumption
patterns. In some states, large proportions of the population belong to religions
that preach temperance or complete abstinence from consuming alcohol. Partly
for those reasons, policies affecting the marketing and consumption of alcohol
vary systematically among the states as a legacy of Prohibition and its Repeal.
When Prohibition was repealed, it was on the condition that individual states
could define their own laws governing the production and sale of alcohol, an
outcome that would leave as its legacy a byzantine and bizarre set of policies
that continue to hamstring alcoholic beverage producers and marketers today.
The policies have changed over time in ways that complicate the analysis of
markets. Several other socioeconomic variables may be correlated with beer and
wine consumption, such as obesity prevalence, per capita income, educational
attainment, and political orientation (e.g., as revealed in results from the 2016
U.S. Presidential election).® The SOM provides a brief discussion of our measures
of these variables.

V. Demographic Influences on Demand for Alcohol: State-Level Analysis

We estimated econometric models to examine demographic influences on demand
using annual state-level data on adult per capita ethanol consumption by main
type of alcohol (beer, wine, spirits) for 1970-2016 taken from Haughwout and
Slater (2018) and data on prices from the Bureau of Labor Statistics.” These prices
are available only for four aggregated U.S. regions, and for the aggregated product
categories of malt beverages, vodka, and wine. To derive state-specific prices, we
adjusted the regional prices using state beverage-specific tax rates accessed online
from the Alcohol and Tobacco Tax and Trade Bureau as well as the Tax
Foundation (U.S. Treasury/TTB, 2005; U.S. Treasury/TTB, 2013; U.S. Treasury/
TTB, 1984-2015; Tax Foundation, 2013). The results in this section reveal some
shortcomings of using these data to estimate elasticities and identify relationships
between policy, socioeconomic patterns, and alcohol demand.

8 The data on obesity prevalence come from the Centers for Diseases Control and Prevention (2017). Data
on per capita income and educational attainment are available through the United States Census Bureau
American FactFinder. (2018). Election data were accessed from Github (2017).

°These estimates are derived from a combination of sources, as described by Haughwout and Slater
(2018, p. 2).
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The models include various measures of socioeconomic variables. State-level data
on measures of ethnicity and household income come from the U.S. Census (U.S.
Census Bureau American FactFinder, 2018). The data on ethnicity are combined
with international data on country-specific consumption shares by alcohol type
from Holmes and Anderson (2017) to derive an ancestral beverage consumption
measure using Equation (3). The models also include measures of national election
results, average winter and summer temperatures, the share of population with a
bachelor’s degree, the share of population that belongs to a religion that abstains
from alcohol, the obese share of the adult population, the year when homebrewing
was legalized, and an indicator of wine production volume. Table 3 provides a
summary of the explanatory variables used and the data sources.

The models we estimate in this section (using state-level data) and the next section
(using regional scanner data) can be thought of as belonging to the class of “differ-
ential demand systems” models, perhaps best exemplified by the Rotterdam model
(Theil, 1965). When we take a logarithmic differential approximation to a general
model of demand as a function of prices and total expenditure, which is the first
step in deriving models of this class, the resulting equation is linear in proportional
(logarithmic differential) changes in the arguments, each multiplied by its corre-
sponding elasticity. A more practical discrete-time variant includes variables in log-
arithmic differences rather than logarithmic differentials, and is indistinguishable
from a first-differenced version of a constant elasticity (i.e., “double-log”) model,
though it is derived from a different conception. With some further manipulation
(as in the derivation of the Rotterdam model, applied later in this article) the vari-
ables and associated coefficients can be transformed into forms that allow Slutsky
symmetry and other restrictions to be imposed in a system of demand equations
(e.g., Okrent and Alston, 2011).

Models like this are typically applied to time-series data, such that the logarithmic
differentials are growth rates of variables. Here we focus on differences among states
associated with demographic variables (which are comparatively constant over time
within states but vary among states) rather than differences within states over time
associated with prices, which calls for a variation in the approach. Specifically,
instead of modeling year-to-year differences within a state, we model differences rel-
ative to the mean for all states, within a year, which is helpful for measuring the
effects of socioeconomic and demographic characteristics of populations, including
income; less so for measuring the effects of prices.

A. Single-Equation Models of Demand for Beer, Wine, and Spirits

In the first application using state-level data, we leave the model in the simple form in
which the coefficients can be interpreted directly as elasticities, and we estimate
demand equations without imposing any cross-equation restrictions or other restric-
tions from economic theory apart from homogeneity of degree zero in prices
and income (or total expenditure on the relevant group of goods). We estimate
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Table 3
Variable Definitions, Summary Statistics, and Data Sources

Summary Statistics

Variable Definition and Source Minimum  Maximum Mean Std. Dev.

Income Median household income by state, 1984-2016. Source: National Center for 34,085 82,948 54,314 9,258
Education Statistics, nces.ed.gov (projected values 1970-1983 based on GDP/
capita from BEA, https:/www.bea.gov/data/gdp/).

GOP Percent of ballots cast for Republican nominees in Presidential elections for 0.043 0.780 0.514 0.103
1972-2016, by state. Source: National Archives, www.archives.gov;
Wikipedia, en.wikipedia.org.

UOIS|y " UDYNL pup LIDE 13o44DL

Trump Percent of ballots cast for Trump in 2016 Presidential election by county. 0.041 0.965 0.602 0.163
Source: Github, www.github.com

Population density Average state population per square mile for 1980, 1990, 2000, and 2010. 0.7 10,456.2 365.2 1,381.1
Source: U.S. Census, Www.census.gov.

Beer ancestry See Equation (4.2) for details. County and state ethnicity compositions are for 0.453 2.142 1.119 0.440

the period of 2005-2009. Source: Holmes and Anderson (2017); U.S. Census,
WWW.Census.gov.

Wine ancestry See Equation (4.2) for details. County and state ethnicity compositions are for 0.252 1.521 0.617 0.273
the period of 2005-2009. Source: Holmes and Anderson (2017); U.S. Census,
WWW.Census.gov.

Spirits ancestry See Equation (4.2) details. County and state ethnicity compositions are for the 0.194 1.254 0.506 0.231
period of 2005-2009. Source: Holmes and Anderson (2017); U.S. Census,
WWW.Census.gov.

Winter temperature Average temperature in degrees Fahrenheit during December, January, and 2.6 67.4 323 12.2
February of 1971-2000, by state. Source: Current Results, www.currentre-
sults.com.

Summer temperature ~ Average temperature in degrees Fahrenheit during June, July, and August of 52.3 81.1 71.2 5.9
1971-2000, by state. Source: Current Results, www.currentresults.com.

Education Percentage of population 25 and older with Bachelor’s degree or higher in 1980, 0.104 0.501 0.221 0.063

1990, 2000, and 2010, by state. Source: U.S. Census, www.census.gov.

Continued —_
©
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Table 3
Continued
Summary Statistics
Variable Definition and Source Minimum  Maximum Mean Std. Dev.
Religion Percentage of population that identifies as Evangelical or Mormon, by state, 0.10 0.62 0.29 0.12
2014. Source: Pew Research Center, www.pewforum.org.
Obesity Rate of obesity among adults 18 or older, by state, 2011-2016. Source: Centers 0.202 0.377 0.288 0.035
for Disease Control and Prevention, www.cdc.gov.
Homebrew Year homebrewing was legalized by the state. Source: McCullough, Berning, 1933 2013 1981 23
and Hanson (2019).
State-wine Indicates that the state government controls wine sales. Source: Alcohol and States: NH, PA, UT, WY
Tobacco Tax and Trade Bureau, www.ttb.gov.
State-spirits Indicates that the state government controls spirits sales. Source: Alcohol and States: AL, ID, IA, ME, MI, MS, MT, NH, NC,
Tobacco Tax and Trade Bureau, www.ttb.gov. OH, OR, PA, VT, VA, WA, WV
Wine producer Indicator variable for top U.S. wine producing states, by volume. Source: States: CA, NY, OR, WA

Alcohol and Tobacco Tax and Trade Bureau, www.ttb.gov.
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single-equation models of per capita demand for each of the three types of alcohol, in
which the demand equation for beverage i in state k in year ¢ is defined as:

J
Dqiie = 1Dy + 3 1;Dpjte + 8iDau; + €ixa (4)
=

In this and subsequent equations, the operator D denotes that each variable is
expressed as a logarithmic difference relative to the mean of that variable across
all states during year . The per capita quantity of good i in state k in year ¢ is ¢y,
and Dgq, = log gy —logq;,; yi: 18 per capita income in state k in year ¢, and
Dyy; = log yi; — log y,; similarly, pj, is the price of good j in year ¢ for state k and
Dpjis = log pjx; —logp;,. The price coefficient 7;, is the uncompensated (or
Marshallian) elasticity of demand for good i with respect to the price of good j;
the coefficient n,; is the elasticity of demand for good i with respect to per capita
income. Both the beverage prices and per capita income were deflated by the con-
sumer price index for all goods (CPI), representing the prices of all other goods,
such that the demands are restricted to be homogencous of degree zero with
respect to prices of alcoholic beverages and all other goods (the CPI) and per
capita income. A vector of demand shift variables is represented by a;, where
Daj;, = loga;, — logaj,; the vector of coefficients, §;, can be interpreted as elastic-
ities of demand for good i with respect to the respective elements of the vector of
demand shift variables (unless the variables are 0-1 indicator variables).
Descriptions of the variables can be found in Table 3. Not listed in the table are
“NH,” “DE,” “DC,” and “NV,” which are state fixed effects included for states
with exceptionally high alcohol sales owing to border trade or tourism.

As discussed earlier and as shown in Figure 2 (see also figures in the SOM), the
trends in alcohol consumption were quite different in the last 20 years of the 47-
year history, 1970-2016. Considering those differences, and after some limited pretest-
ing, we opted to split the data and estimate the model separately for the two periods,
1970-1996 and 1997-2016. A simple Chow test applied to Equation (4) rejects the null
hypothesis that there is no structural break. For each sub-period we estimate per capita
demand equations separately for beer, wine, and spirits. The results are summarized in
the first six columns of Table 4. Each of the models appears to fit the data reasonably
well, with a high proportion of statistically significant effects. The model for beer (in
the first two columns) does generally less well than the others in terms of both overall
fit and consistency of estimated effects with expectations.

The first four rows of Table 4 report the estimates of the uncompensated price elas-
ticities of demand. It is encouraging that the point estimates of the own-price elas-
ticities are all negative (except for that of beer in the earlier period, 1970-1996),
but the estimated elasticities are generally smaller in magnitude than would be
expected, and many of them are not statistically significantly different from
zero. These outcomes probably reflect the limitations of the price data, which are
crude estimates derived from regional prices of proxy beverages combined with
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Table 4
Estimates of Single-Equation Models of Demand Using State-Level Data, 1970-2016
Wine Spirits Total
Variable 1970-1996 1997-2016 1970-1996 1997-2016 1970-1996 1997-2016 1970-1996 1997-2016
Beer price —0.355%** 0.039 —0.417%** 0.275 —0.273%** 0.136
(0.030) (0.075) (0.059) (0.173) (0.038) (0.107)
Wine price —0.136%** —0.069%** —-0.036 —-0.063 0.789%%** —0.077**
(0.042) (0.021) (0.084) (0.049) (0.054) (0.030)
Spirits price 0.462%** 0.116 1.191%** 0.211 —-0.056 —1.020%**
(0.095) (0.124) (0.190) (0.284) (0.122) (0.176)
Total price —0.275%** —0.119%**
(0.072) (0.040)
Income 0.211%*** 0.046 0.545%** 0.357%** 0.315%** 0.111* 0.308%*** 0.196%**
(0.038) (0.044) (0.076) (0.100) (0.049) (0.062) (0.036) (0.042)
GOP 0.228%*** —0.219%** 0.344%** 0.442%** 0.304%*** 0.020 0.216%** —-0.022
(0.031) (0.035) (0.062) (0.081) (0.040) (0.050) (0.030) (0.033)
Pop. density —0.072%** —0.105%** —0.025%** 0.017 —0.047%** —0.037%** —0.058%** —0.070%**
(0.005) (0.005) (0.009) (0.012) (0.006) (0.007) (0.005) (0.005)
Beer ancestry —0.198*** —0.331%** —0.261** —0.875%** —0.530%** —1.112%** —0.550%** —0.724%**
(0.066) (0.071) (0.132) (0.163) (0.085) (0.100) (0.063) (0.065)
Wine ancestry —0.034 —0.110%** 0.328%** 0.178%** 0.065%* —0.065%* —0.105%** —0.076%**
(0.023) (0.021) (0.046) (0.049) (0.030) (0.030) (0.019) (0.020)
Spirits ancestry 0.181%** 0.476%** —-0.190 0.501*** 0.321%** 1.070%** 0.500%** 0.744%**
(0.068) (0.068) (0.135) (0.156) (0.086) (0.096) (0.061) (0.065)
Winter 0.301*** 0.198*** 0.330%** 0.335%** 0.006 0.048 0.220%** 0.214%**
(0.021) (0.022) (0.041) (0.051) (0.026) (0.031) (0.019) (0.020)
Summer —1.200%** 0.070 —2.265%** —3.053%** —0.826%** —1.017%** —1.159%** —0.879%**
(0.124) (0.131) (0.247) (0.301) (0.159) (0.186) (0.121) (0.120)
Education —0.233%** —0.269%** 0.416%*** 0.613*** —0.126%** 0.031 —0.061%* —0.13]%**
(0.038) (0.046) (0.075) (0.106) (0.048) (0.065) (0.037) (0.043)
Continued
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Table 4 5
Continued S
Beer Wine Spirits Total ST
Variable 1970-1996 1997-2016 1970-1996 1997-2016 1970-1996 1997-2016 1970-1996 1997-2016 §
Religion —0.418%** —0.237*** —0.439%** —0.136** —0.405%** —0.075%* —0.313%** —0.159%%* §
(0.020) (0.023) (0.040) (0.053) (0.026) (0.033) (0.018) (0.022) g
Obesity 0.218%** 0.239%** —0.425%** —0.740%*** —0.638*** 0.094 0.075 0.026 g
(0.068) (0.064) (0.136) (0.147) (0.087) (0.090) (0.058) (0.058) N
Homebrew 0.055%** 0.091%%* —-0.004 0.077%* —-0.008 0.051%** 0.047%%* 0.077%%** =
(0.007) (0.013) (0.014) (0.031) (0.009) (0.019) (0.007) (0.012) §
NH 0.360%*** 0.505%*%* 0.460%*** 0.771%%* 0.857%%* 0.910%** 0.619%** 0.693%**
(0.026) (0.028) (0.053) (0.065) (0.034) (0.040) (0.026) (0.026)
DE —0.104%** 0.070%** —0.104* 0.671%** 0.068* 0.620%** 0.122%%* 0.372%**
(0.027) (0.027) (0.054) (0.061) (0.035) (0.038) (0.024) (0.025)
DC 0.414%%* 0.099 1.083%** 1.05%%%* 1.022%%** 0.702%** 0.849%%* 0.609%**
(0.054) (0.062) (0.107) (0.144) (0.069) (0.089) (0.051) (0.055)
NV 0.034 0.061%* 0.713%** 0.575%** 0.737%%* 0.361%** 0.414%%* 0.203%**
(0.028) (0.029) (0.056) (0.067) (0.036) (0.042) (0.028) (0.027)
State-wine —-0.002 —0.087%** —0.285%** —0.517%%* 0.024 —-0.031 —0.089%** —0.167***
(0.016) (0.017) (0.032) (0.039) (0.021) (0.024) (0.015) (0.016)
State-spirits 0.029* 0.052%%** 0.128%** 0.086** —0.078%** —0.239%%* —0.055%** —-0.007
(0.016) (0.015) (0.032) (0.034) (0.020) (0.021) (0.010) (0.009)
Wine prod. —0.2]15%** —0.201*** 0.270%** —0.191*** —0.009 —0.144%%* —0.106%** —0.160%**
(0.016) (0.016) (0.032) (0.036) (0.021) (0.022) (0.015) (0.014)
Intercept —0.185%** —0.259%** —0.286%** —0.191*** —0.206%** —0.092%** —0.161%** —0.188%**
(0.010) (0.015) (0.021) (0.036) (0.013) (0.022) (0.010) (0.014)
R? 0.644 0.660 0.841 0.793 0.843 0.764 0.821 0.789
F 114.1 90.98 331.1 178.1 150.8 150.8 316.2 192.0

Notes: Chow test for structural break at 1997: F =1.9047, p-value =0.007816. N = 1,377 for 1970-96; N = 1,020 for 1997-16. First-stage estimation.

Sources: Created by the authors using consumption data from Haughwout and Slater (2018), prices from the Bureau of Labor Statistics and Alcohol and Tobacco Tax and Trade Bureau, and other sources as described

in Table 4. o
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state-specific tax rates, and do not account for the within-category variation in the
mix of types of beer, wine, and spirits consumed across states and over time.
Errors in the variables would cause the elasticity estimates to be attenuated
towards zero, and we can surmise that more detailed and more precise price data
are necessary to extract more meaningful estimates of price elasticities.

However, in the present context, we are more interested in the effects of the demo-
graphic variables included in the model, including per capita income. In brief, on
these aspects the results are mixed. Many of the effects are in directions we would
have expected—for example, per capita consumption of all three types of alcohol
decreases with increases in the share of population belonging to a religion that
abstains from alcohol; or with an increase in population density (rural residents
tend to drink more)—but in some cases we see switches in signs of effects between
sub-samples, and some results are surprising. The set of coefficients for the
alcohol ancestry variables are among the most interesting. They support the view
that heritage plays a role in alcohol consumption. However, the results for beer
ancestry are surprising. An increase in our index of ancestral beer consumption is
associated with lower rates of per capita consumption of all forms of alcohol, includ-
ing beer; in each sub-period the elasticity is smaller in magnitude for beer than for
wine and spirits, but these elasticities are all highly statistically significant. In
keeping with expectations, an increase in ancestral wine consumption is associated
with higher rates of per capita consumption of wine and lower rates of per capita
consumption of beer and spirits. An increase in ancestral spirits consumption is asso-
ciated with higher rates of per capita consumption of beer and wine (in the later
period), as well as spirits. In subsequent sections we explore how these findings
may change as we impose cross-equation restrictions, in a complete system of
demand equations for alcoholic beverages, and when we use data for less-aggregated
categories of alcoholic beverages and at finer spatial aggregation.

B. A System of Demand for Beer, Wine, and Spirits: Structure of the Model

We use a demand systems approach to estimate state-level per capita demands for
beer, wine, and spirits, which allows us to impose cross-equation restrictions
implied by economic theory. As noted, the single-equation models estimated
earlier bear some similarity to equations of the Rotterdam model.!® Here, we
specify a Rotterdam model of demand to estimate the effects of demographic vari-
ables on demand for different categories of beer and wine, controlling for the
effects of relative prices and total expenditure on the beverages included in the
model—that is, treating the alcoholic beverages included in the model as a weakly
separable group. This is a differential demand system model that has often been
used to estimate models of demand for alcoholic beverages including beer, wine,

1%1ndeed, the equations of the Rotterdam model can be derived as simple transformations of equations of
the form of Equation (4), as described by Okrent and Alston (2011).
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and spirits (e.g., Clements and Selvanathan, 1988; Clements and Selvanathan, 1991;
Selvanathan, 1991; Selvanathan and Selvanathan, 2005).

In order to estimate elasticities that are conditional on total per capita expenditure
on all goods and not just expenditure on alcohol, we implement a two-stage
approach, as discussed by Edgerton (1997). For the first stage, we use estimates of
a single-equation model, as in Equation (4), of per capita demand for total alcohol
with the variables in logarithmic differential form, as represented in Equation (5):

DOy = n¥ Dyy, + n¥,D Py, + 6Day + e (5)

I
Here, DOy, = > Siu/Dqir; is the Divisia total volume index of alcohol consumption
i=1

in state k in period 7, where, for state k in period ¢, 5, represents the arithmetic mean
of (a) the budget share of good i in that state and (b) the budget share of good i on
average across all of the states; Py, is a price index of alcoholic beverages; and yy, is a
per capita expenditure on all goods (or income). Both the beverage prices and per
capita income were deflated by the consumer price index for all goods (CPI), repre-
senting the prices of all other goods.

In Equation (5) 7 is the elasticity of total per capita demand for alcohol (in quan-
tities as indicated by the volume index for the group) with respect to expenditure on
all goods (or income), 7, is the Marshallian elasticity of demand for alcohol (the
group) with respect to the group price, conditional on per capita expenditure on
all goods (or income), and the vector of coefficients, §, can be interpreted as elastic-
ities of demand for alcohol with respect to the corresponding elements of the same
vector of demand shift variables that were included in the single-equation models of
demand for beer, wine, and spirits. Estimates of these elasticities are reported in the
last two columns of Table 4, where they can be compared with the counterpart esti-
mates for the individual categories of beer, wine, and spirits; they are discussed later,
in conjunction with those for the second stage allocations of alcohol expenditure
among those categories.

In the absolute price version of the base Rotterdam model, used to represent the
second-stage allocations, the demand equation for good i in time ¢ is defined as
shown in Equation (6).

J
Sk DGy = B;D O + > “ipojkt + €kt (6)
=

The Slutsky coefficient for goods (i, /) is o;;, and these coefficients satisfy the homo-
J
geneity restriction, )  a; = 0 and the symmetry restriction, a;; = @;;. The elasticity of
j=1
Wi ; . E _
demapd fgr good i with respect to. group expenditure can be cqmputed asn; = p; / Siy
the Hicksian (compensated) elasticity of demand for good i with respect to the price

of good j is calculated as r;{f = a;;/s;, and the Marshallian (uncompensated)
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elasticity of demand for good i with respect to the price of good j conditional on
group expenditure is calculated as 115 = (aj — f;5;)/si. Expanding the model to
include a vector of N demographic demand shifters, ay; = a1, - - . , axy] With corre-
sponding coefficients §; = [d;1,...,d:v] in the equation for beverage type i, yields
Equation (7):

J
Sik: Dy = ﬂiDth + Z ‘xijDijt + 8;Day; + ey, (7)
i=1

J
where Y6, =0forn=1,...,N.1!

J=1

As discussed by LaFrance (1991) an endogeneity issue arises when modeling

demand for a weakly separable group of goods because, by construction, group
expenditure cannot be exogenous when it is computed as the sum of the prices
times quantities demanded for the goods included in the group. To circumvent
this endogeneity issue, we replace the Divisia volume index, DQy, in Equation (7)
with the fitted values from Equation (5), DQ,,—effectively using per capita
income as an instrument for group expenditure:

— J
SiktDgiee = BD Oy, + > ayiDp i + 8;Day, + €y (8)
Jj=1

In other words, the Rotterdam model is estimated using two-stage least squares for
which the first stage is represented by Equation (5) and the second stage is repre-
sented by Equation (8). Estimating the model in this fashion allows us also to
approximate elasticities conditional on fotal expenditure on all goods (denoted by
superscript M), as discussed by Carpentier and Guyomard (2001) and Okrent and
Alston (2011), as well as elasticities conditional on group expenditure (denoted by
superscript E), using just the second-stage estimates. The various expenditure and
price elasticities conditional on total expenditure, respectively, are calculated as:

' =ning ©)
1
ny =g +spin; <W—E+ﬂé@> +spseng nf (nf — 1) (10)
j
. nM = the elasticity of demand good i with respect to tozal expenditure on all

goods (the income elasticity of demand for alcohol of type i),

" Clements and Selvanathan (1988) discuss the introduction of demand shift variables such as advertising
into the Rotterdam model, where the demand shift variables are specific to each good, while Capps and
Schmitz (1991) add generic demand shifters, which is more relevant to our context.
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. nE = the elasticity of demand for good i with respect to group expenditure,

. n¥ = the elasticity of expenditure on the group with respect to total expendi-
ture (i.e., the income elasticity of demand for the group of alcoholic beverages
being modelled),

. qu = the Marshallian elasticity of demand for good i with respect to price j
conditional on fotal expenditure on all goods,

. 115 = the Marshallian elasticity of demand for good i with respect to price j
conditional on group expenditure,

. nM, = the Marshallian elasticity of demand for the group with respect to the
group price conditional on total expenditure on all goods (i.e., income),

. sf = the within-group budget share for good j—total expenditure on the good
as a share of total expenditure on the group, and

. sM = the budget share for the group—total expenditure on the group as a share
of total expenditure on all goods.

C. A System of Demand for Beer, Wine, and Spirits: Estimation Results

As noted in the discussion prior to estimation of the single-equation models of
demand, in our dataset the several demographic variables are measured at infrequent
intervals (every ten years) relative to the consumption data (annual observations),
and the measures do not change quickly over time when they are measured.
Hence it is not possible or sensible to employ the model, as in Equations (5) and
(8), first differencing temporally ordered data, seeking to estimate the influence of
the demographic variables on demand. Alternatively, and like the single-equation
models of demand, the Rotterdam model can be applied to data differenced relative
to the mean across all the observations (or some other baseline) in the same period,
exploiting the variation in the cross-section where temporal variation is insufficient.
In our application, instead of differencing the variables across time, they are differ-
enced relative to the mean across all of the states in the same time period.!? Also, as
discussed in relation to the single-equation models and for the same reasons, we
opted to split the data and estimate the model separately for the two periods,
1970-1996 and 1997-2016.

The results from the first-stage estimation (i.e., Equation (5)) are summarized
in the last two columns of Table 4, representing the model for total alcohol
demand per capita in the two time periods, 1970-1996 and 1997-2016.13 The esti-
mated income elasticity of demand for alcohol is in the range for a “necessity”
good: nY¥ = 0.308 in 1970-96 (0.196 in 1997-16), and the estimated own-price

. 1<
2That is, Dx; = log x;, — log |:le1 x/-,:| .

13Table S2 in the SOM provides the first-stage estimation results when all demographic variables are
excluded from the model, to demonstrate the effect of omitted variable bias.
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elasticity of demand, conditional on total income (expenditure on all goods) is in the
inelastic range: 72, = — 0.275 in 1970-96 (4%, = — 0.119 in 1997-16). That is, a 1%
increase in per capita income results in a 0.308 (0.196)% increase in per capita expen-
diture on alcohol, and a 1% increase in the composite price of alcohol results in a
0.275 (0.119)% decrease in the total quantity of alcohol demanded.

The other reported estimates can be interpreted as elasticities as well. Many of the
elasticities are statistically significantly different from zero, and reasonably consistent
in size as well as in the sign of the effect across the two time periods, 1970-96 and
1997-2016. Specifically, predicted per capita demand for alcohol is consistently esti-
mated to be greater in states that had (a) lower population density, (b) lower rates of
ancestral consumption of either beer or wine, or higher rates of ancestral spirits con-
sumption, (¢) warmer winters, or cooler summers, (d) fewer residents ascribing to a
religion that preaches abstaining from alcohol, (e) more liberal attitudes to alcohol
as indicated by legalized homebrewing or the absence of state control over wine sales,
and (f) less production of wine. Obesity rates did not statistically significantly
account for changes in per capita demand for alcohol in either time period.
Across the two time periods, the sign or significance of the estimated effect was
mixed for other variables such as the proportion of GOP voters or states having
state-controlled spirits sales.

Next, we estimate the second stage of the model, as in Equation (8), representing
the allocation of alcohol expenditure among beer, wine, and spirits.!* The implied
elasticities at the mean of the sample data, conditional on expenditure on alcohol,
are reported in Table 5.'5 The first three columns correspond to the per capita
demands for beer, wine, and spirits for the period 1970-1996, and the last three
columns for 1997-2016. The first three rows refer to Marshallian (uncompensated)
own- and cross-price elasticities of demand, conditional on total expenditure on
alcohol. It is encouraging that the point estimates of the own-price elasticities are
all negative and measured relatively precisely, but in quite a few cases the cross-
price elasticities are—contrary to expectations—also negative, even larger magni-
tudes, and statistically significant.

These patterns reflect the fact that the computed elasticities are dominated by
“income” effects, with comparatively small compensated price effects. In turn
these outcomes probably reflect the issues with the price data, discussed in the
context of the single-equation models, such that we cannot place great confidence
in the resulting estimates of demand response to price—while hoping, nevertheless,
that including these measures may “control” for price effects sufficiently to permit
other effects to be measured well. Recall, as discussed in relation to the single-equa-
tion models, in the present context, we are particularly interested in the effects of the

“The detailed estimation results are summarized in Table S3 of the SOM.
15 Table S4 in the SOM provides the derived elasticities when all demographic variables are excluded from
the model to demonstrate the effect of omitted variable bias.
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demographic variables included in the model (described in Table 3), especially the
ancestral alcohol consumption variables.

Again, the interpretation of these elasticities is straightforward, but we will high-
light a few key results, noting that in this demand systems context, across the three
types of alcohol, the sum of the coefficients for each demographic variable equals
zero by construction—that is, holding the total expenditure on alcohol constant,
any factor that causes an increase in per capita demand for (and, thus, expenditure
on) one type of alcohol must cause an offsetting decrease in expenditure on (and,
thus, demand for) some other type(s) of alcohol. Many of the effects are in directions
we would have expected, but as in the single-equation models reported in Table 4, in
some cases we see switches in signs of effects between sub-samples—especially in the
case of beer—and some results are surprising.

The estimated “income” effects are plausible: within the group of alcoholic bever-
ages, wine and spirits are “luxuries” while beer is a “necessity” good. In other words,
as total per capita consumption of alcohol increases, demand for beer increases
slightly, its expenditure share shrinks, and the share of alcohol expenditure increases
more substantially for both wine and spirits. This is in a context in which beer com-
mands a relatively large share of total expenditure on alcohol. Many of the other esti-
mated elasticities are also plausible in terms of their signs and sizes, and consistent
across the two time periods. For example, decreases in obesity rates, and increases in
population densities, rates of participation in abstemious religions, production of
wine, and educational attainment, are all associated with decreases in demand for
beer, increases in demand for wine, and increases or statistically insignificant
effects on demand for spirits. However, several of the other variables had effects
that were unstable over time or had unexpected signs, or both. The estimated coeffi-
cients on the “GOP” variable suggest that, during the early period 1970-1996, per
capita demand for beer increased while demand for both wine and spirits decreased
with increases in the proportion of voters supporting Republican candidates in
Presidential elections; however, these signs were all reversed during the more
recent period, 1997-2016. This is hard to rationalize simply and might suggest a
more general problem with the model or the particular measure of political
orientation.

Also, as for the single-equation models, the results for ancestral alcohol con-
sumption are surprising and somewhat disappointing. For example, in the esti-
mates for 1970-1997, an increase in beer-drinking ancestry is associated with
reduced demand for beer and increased demand for wine and spirits, while an
increase in spirits-drinking ancestry is associated with reduced demand for
spirits, but increased demand for beer and wine—in both cases exactly the opposite
of what was anticipated. These effects are different in the later period, 1997-2016,
but still unexpected. The effects of wine ancestry are more consistent with expec-
tations and more consistent over time but, on the whole, the results are at odds
with our hypothesis of a direct connection between ancestral and U.S. consump-
tion mixes.
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A candidate explanation for these disappointing results using state-level data is
aggregation bias. First, rural and urban areas consume differing mixes and quantities
of beer, spirits, and wine. Namely, rural areas typically consume more alcohol, as illus-
trated by the estimates in Tables 4 and 5 of elasticities associated with population den-
sities. Some states include both large metropolitan areas and sparsely populated rural
areas, for which many demographic characteristics will differ, along with their alcohol
consumption patterns. Some of our data for the state-level analysis were derived by
aggregating across counties, but our per capita model is nonlinear. Second, the cate-
gories of beer, wine, and spirits are broad. We know that the composition of those cat-
egories has varied across places (i.e., between rural and urban and among states) and
over time (i.e., with the rise of premium varietal table wine and craft beer that are more
important in some contexts than others) in ways that can matter for our analysis, but
which we cannot observe using aggregative data. Third, we do not observe prices even
for these aggregative categories and are obliged instead to use crude proxies based on
regional prices for indicative examples of each type of beverage, and state-specific tax
rates. The next section aims to provide more realistic estimates using data disaggre-
gated spatially, temporally, and across product spaces.

To complete the analysis of this section, elasticities of demand for each type of
alcohol with respect to total expenditure on all goods and with respect to prices con-
ditional on total expenditure, calculated according to Equations (9) and (10) and,
thus, combining the first-stage estimates from Table 4 and the second-stage estimates
from Table 5, are reported in Table 6. Owing to the high level of aggregation across
diverse types of beer, wine, and spirits, the poor quality of the price data, and lack of
price variation among states, these estimates are to be taken with a grain of salt.
Some of the elasticities are plausible, but several are not.

VI. Demographic Aspects of Demand for Beer and Wine: Evidence from
Scanner Data

The analysis of the previous section used relatively aggregated data at the level of
states, in long annual time series. Those data have the disadvantage that the prices
are measured poorly, and do not vary much over space, while the per capita demo-
graphic variables do not vary much over time, within a state. Now we turn to an
analysis using data with a higher degree of cross-sectional variation and better mea-
sures of prices. Aggregation is also an issue for the categorization of beer and wine;
the product segments within each category (beer and wine) have distinct trends.
Namely, the decline of U.S. beer consumption and increase in wine consumption
over the past 20 years has coincided with a trend to premiumization in the
markets for both beer and wine. Our goal in this section is to further dissect these
spatial and temporal alcohol consumption patterns within the United States, and
to do this we disaggregate states into designated market areas (DMAs) and disaggre-
gate both beer and wine into sub-categories. The results are much more satisfactory
and more consistent with expectations than those from the analysis using the more
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Table 5
Elasticities of Demand for Alcohol from the Rotterdam Model Estimated Using
State-Level Data, 1970-2016

1970-1996 1997-2016
Variable Beer Wine Spirits Beer Wine Spirits
Beer price —0.399%* —0.633**%*  —0.672***  —0.117 —1.778**%*%  —0.678**
(0.080) (0.125) (0.131) (0.160) (0.346) (0.264)
Wine price —0.038 —0.394%**  —(0.163***  —0.078%* —0.206** —0.172%*
(0.024) (0.071) (0.042) (0.041) (0.104) (0.070)
Spirits price 0.144%* -0.172 —1.153***  —0.034 —1.021%%*  —0.577%**
(0.071) (0.113) (0.071) (0.118) (0.118) (0.198)
Expenditure 0.293** 1.199%** 1.989%*** 0.229 3.005%** 1.426%**
(0.116) (0.185) (0.188) (0.262) (0.632) (0.456)
GOP 0.160%**  —0.174***  —0.177** —0.184%** 0.674%** 0.031
(0.045) (0.073) (0.073) (0.035) (0.095) (0.063)
Pop. density —0.051%** 0.050%** 0.058***  —(.087*** 0.206%** 0.056%*
(0.006) (0.009) (0.009) (0.016) (0.039) (0.028)
Beer ancestry —0.189%* 0.276** 0.183 —0.251 1.062** —-0.011
(0.079) (0.126) (0.127) (0.190) (0.468) (0.333)
Wine ancestry —0.050** 0.314***  —0.039 —0.109%** 0.387*** 0.023
(0.022) (0.036) (0.036) (0.026) (0.068) (0.047)
Spirits ancestry 0.217%**  —0.547*%*%*  —0.127 0.382* —1.566*%**  —0.003
(0.072) (0.114) (0.116) (0.196) (0.476) (0.342)
Winter 0.243%**  —0.065%* —0.342%** 0.156%**  —0.115 —0.192%*
(0.027) (0.042) (0.043) (0.050) (0.128) (0.088)
Summer —1.026%**  —0.023 1.550%** 0.200 —1.524%* 0.255
(0.191) (0.305) (0.308) (0.255) (0.651) (0.450)
Education —0.116%** 0.464%** 0.004 —(0.232%** 0.683*%** 0.099
(0.030) (0.048) (0.049) (0.036) (0.098) (0.064)
Religion —0.290%** 0.185%* 0.369%**  —(.204%** 0.339%** 0.182%*
(0.051) (0.079) (0.082) (0.049) (0.121) (0.086)
Obesity 0.206%**  —0.472%*%*  —(0.137 0.227%**  —1.145%** 0.077
(0.061) (0.104) (0.100) (0.063) (0.172) (0.113)
Homebrew 0.057***  —0.056*%**  —0.065%** 0.092%**  —0.170***  —0.063
(0.008) (0.013) (0.013) (0.024) (0.060) (0.042)
NH 0.129* —0.317*%%*%  —0.078 0.347 —0.668** —-0.044
(0.074) (0.115) (0.118) (0.185) (0.449) (0.323)
DE —0.104***  —0.054 0.176¥**  -0.018 —-0.221 0.125
(0.027) (0.043) (0.043) (0.096) (0.235) (0.168)
DC 0.056 0.025 —0.094 —-0.039 0.104 0.024
(0.086) (0.138) (0.138) (0.142) (0.354) (0.250)
NV —-0.092 0.219%* 0.058 —-0.002 -0.127 0.054
(0.061) (0.097) (0.098) (0.069) (0.171) (0.121)
State-wine 0.037** —0.223%** 0.026 —0.052 —0.220%* 0.186%**
(0.016) (0.025) (0.025) (0.040) (0.098) (0.070)
State-spirits 0.006 0.078%**  —0.037** 0.050%** 0.146%**  —0.115%**
(0.012) (0.020) (0.019) (0.013) (0.030) (0.023)
Wine producer ~ —0.191*** 0.498%** 0.106%***  —0.154%*** 0.613%** 0.081
(0.019) (0.030) (0.031) (0.045) (0.112) (0.080)

Continued
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Table 5
Continued
1970-1996 1997-2016
Variable Beer Wine Spirits Beer Wine Spirits
R? 0.616 0.874 0.658 0.782

Notes: Marshallian price elasticities and expenditure elasticities, conditional total beer and wine expenditure. Second-stage estimation.

Sources: Created by the authors using consumption data from Haughwout and Slater (2018), prices from the Bureau of Labor Statistics and
Alcohol and Tobacco Tax and Trade Bureau, and other sources as described in Table 3.

Table 6
Elasticities of Demand from the Rotterdam Model, Conditional on Total Expenditure on All
Goods, U.S. States

1970-1996 1997-2016
Beer Wine Spirits Beer Wine Spirits
Beer price —-0.540 —2.992 -7.167 —0.234 —21.859 —5.201
Wine price —0.045 —-0.496 —0.445 —0.080 —0.454 —0.228
Spirits price 0.137 —-0.288 -1.471 —0.044 -2.856 —-0.990
Income (7)) 0.090 0.369 0.613 0.045 0.589 0.280

Notes: Marshallian price elasticities and expenditure elasticities, conditional on income. Calculated from first- and second-stage estimates as
described in Equations (9) and (10).

Sources: Created by the authors using consumption data from Haughwout and Slater (2018), prices from the Bureau of Labor Statistics and
Alcohol and Tobacco Tax and Trade Bureau, and other sources as described in Table 3.

aggregative state-level data, supporting our conjecture that those estimates might
suffer from aggregation bias.

An initial motivation for this work was to understand the recent surge in demand for
craft beer. What is craft beer though? The Brewers Association (2018) defines a craft
brewery as one producing six million barrels of beer or less annually, not being 25% or
more owned by a non-craft alcohol industry member, and brewing the majority of its
total beverage alcohol volume from traditional or innovative brewing ingredients
(flavored malt beverages are not included). The craft and macro segments of the
beer industry have become quite distinct and segmented, with diverging market trajec-
tories. Specifically, the craft segment has realized consistent growth during the 21%
century whereas large breweries have seen a continuing decline in sales. In 2016,
U.S. craft beer sales rose by 10% to $23.5 billion, accounting for 12.3% of United
States beer sales volume and 21.8% of sales value. From 2008 to 2016, the number
of craft breweries increased from 1,574 to 5,234 (Brewers Association, 2018). We con-
jecture that in places where craft beer is relatively popular, compared with macro
beer, wine consumption per capita might also be relatively high, reflecting the types
of socioeconomic and demographic influences that were revealed in our examination
of state-level consumption trends and demographics.
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Scanner sales data from Nielsen are used in the estimations.!® The data include
close to two billion observations of store-level, UPC specific, weekly sales totals cov-
ering thousands of brands of beer and wine for 270 metropolitan areas, or DMAs.
The composition of the dataset by store-type is 76% grocery, 14% drug, 4% mass
merchandiser, 4% convenience, and 2% liquor stores. Owing to differences across
states in laws governing the sale of alcohol in stores, only grocery store sales are
used. The data are aggregated to DM A-specific monthly totals for three categories
of beer (craft, macro, and imported) as well as three categories of wine (low-priced
dry, high-priced dry, and other, where “dry” includes sparkling wine as well as still
wine, and “other” includes sweet wine and fortified wine). The resulting data set
for beer is an unbalanced panel consisting of 19,790 observations, across 181
DMAs, and 120 time periods. For wine, the data set includes 19,985 observations,
across 182 DMAs, and 120 time periods. Table 7 provides mean prices and expendi-
ture shares of each beer and wine category; shares are reported as within-category
means.!”

County-level ethnicity and household income data come from the U.S. Census.
These are aggregated to the DMA level and then merged with Nielsen scanner
data. International data on country-specific consumption shares by alcohol type
are borrowed from Holmes and Anderson (2017). By merging the census ethnicity
data with national consumption volumes, an ancestral beverage consumption
measure is created. Ancestral consumption of beverage k for a particular region
(here DMA ), Aj is defined in Equation (3) as the sum of the share of that
region’s population from each country i, multiplied by the per capita consumption
of beverage k in that country (using county-level ancestry data from the United
States Census Bureau American FactFinder for the period 2005-2009).

We apply the same two-stage approach described in the previous section to esti-
mate the effects of ancestry and other demographic variables on demand for different
categories of beer and wine, controlling for the effects of relative prices and total
expenditure on the beverages included in the model, using differential demand
systems models. As with the state-level data, the demographic variables are measured
at infrequent intervals (annual observations) relative to the consumption data
(monthly observations), and the measures do not change quickly over time when
they are measured. Hence, in our application, instead of differencing the variables

'6 These data were calculated (or derived) based on data from The Nielsen Company (US), LLC and mar-
keting databases provided by the Kilts Center for Marketing Data Center at The University of Chicago
Booth School of Business. The conclusions drawn from the Nielsen data are those of the researchers
and do not reflect the views of Nielsen. Nielsen is not responsible for, had no role in, and was not involved
in analyzing and preparing the results reported herein. Copyright © 2018 The Nielsen Company (US),
LLC. All Rights Reserved.

7 Total annual grocery store sales data from Nielsen account for 0.1 to 23.9% of beer and wine consump-
tion, depending on the year and state. Therefore, observed quantities of beer and wine at the DM A-level
are scaled based on state-level beer and wine consumption per capita (from Haughwout and Slater, 2018)
such that quantities reflect approximate consumption in terms of gallons of ethanol per adult.
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Table 7
Prices and Expenditure Shares of Beer and Wine Categories, 2006-2015
Mean Price Within Share Share of Beer and Wine
(8loz) (fraction) (fraction)
Beer
Craft 0.101 0.102 0.081
Macro 0.062 0.735 0.569
Import 0.097 0.164 0.120
Sub-total 1.000 0.770
Wine
Low-priced 0.173 0.446 0.115
High-priced 0.451 0.314 0.095
Other 0.143 0.240 0.019
Sub-total 1.000 0.230

Notes: Shares calculated at the mean of all DMAs across all months.

Source: Created by the authors using data from Nielsen.

across time, they are differenced relative to the mean of all DMAs in the same time
period.!®

We first estimate single-equation logarithmic differential models of demand for
total beer, total wine, and total beer and wine as a function of the own price and
income (i.e., expenditure on all goods) deflated by the CPI for all goods, as in
Equation (5). Then we estimate systems of equations, specified using the
Rotterdam model, to model the allocation of expenditure on both beer and wine
across three categories of beer (craft, macro, and import) and three categories of
wine (low-priced dry, high-priced dry, and other), as in Equation (8)—using the pre-
dicted values of the Divisia volume index from the first-stage estimates rather than
the directly computed values. Only DMAs with both wine and beer sales in
grocery stores are included in the estimation.

Results from the single-equation models of demand for beer and wine are reported
in Table 8.!° The models for beer and wine perform reasonably well; less so the model
for beer and wine combined. The reported coefficients represent elasticities of
demand, and the estimates are precise, generally plausible, and consistent with
expectations. The first column represents the demand for beer. The own-price elas-
ticity of demand (conditional on total income) and income elasticity of demand

18 As illustrated by our analysis in the previous section, the Rotterdam model can be applied to data dif-
ferenced relative to the mean across all the observations (or some other baseline) in the same period.
Alternatives include ranking the DMAs according to total population and differencing relative to the
next-smallest DMA or differencing relative to the mean of neighboring DMAs. In this application, we
determined that differencing relative to the mean was most appropriate after trying each alternative
method in some limited pretesting with a subset of data.

Table S5 in the SOM provides the first-stage estimation results when all demographic variables are
excluded from the model, to demonstrate the effect of omitted variable bias.
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Table 8
FElasticities from the Single-Equation Model and DMA-Level Data, 2006-2015
Variable Beer Wine Beer and Wine
Price —-0.107 —2.022%** 1.353%**
(0.108) (0.127) (0.128)
Income 0.665%** 2.315%** 1.218%**
(0.072) (0.085) (0.069)
Trump —0.394%*%* —0.524%%%* —0.135%**
(0.042) (0.051) (0.041)
Beer ancestry —0.217%%* —0.372%%* —0.132%%*
(0.025) (0.030) (0.024)
Wine ancestry 0.321%** 0.797%** 0.485%**
(0.022) (0.027) (0.022)
Hispanic —0.008 0.163%** 0.087***
(0.008) (0.009) (0.008)
Pop. density —0.132%%* —(.253%%* —0.158%**
(0.007) (0.008) (0.007)
Intercept —0.456%** —0.646%** —0.386%**
(0.011) (0.013) (0.011)
R? 0.049 0.272 0.129
F 141.6 893.3 343.3

Notes: First-stage estimation.

Source: Created by the authors using data from Nielsen and other sources as described in Table 3.

for beer are inelastic (-0.107, 0.665). In the second column, the own-price elasticity
and income elasticity of demand for wine are highly elastic (-2.022, 2.315).
Combining beer and wine together, in the third column of Table 8 the own-price elas-
ticity of demand is positive (1.353), raising some doubts about whether this aggrega-
tion is appropriate, and the income elasticity is elastic (1.218). Turning to the
demographic variables, consumers in DMAs with a higher proportion of voters sup-
porting Republican candidates in Presidential elections demand less beer (—0.394)
and less wine on average (—0.524), as well as less total beer and wine on average
(-0.135); the same is true for consumers in more urban DMAs—that is, with
higher population density (—0.132, —0.253, —0.158). Consumers in DMAs with
more beer-drinking ancestry demand less beer (—0.217) and even less wine (—0.372)
on average, as well as less of beer and wine combined (-0.132), while consumers
in DMAs with more wine-drinking ancestry demand more beer (0.321) and even
more wine (0.797) on average, as well as more of beer and wine combined (0.485).

Elasticities derived from the Rotterdam model for the system of six categories of
beer and wine are reported in Table 9.20 Elasticities are computed at the means of the

20The detailed estimation results are summarized in Table S8 of the SOM. To test the robustness of our
findings, we also estimate a model treating the three beer categories as comprising a weakly separable
group, and a model treating the three different types of wine as a weakly separable group (see the SOM
for details and discussion).
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sample data, and the elasticities with respect to demographic demand shifters can be
interpreted as the percentage change in demand for a product in response to a 1%
increase of the demand shift variable relative to its mean. The own- and cross-
price elasticities are computed mainly as a check on the performance of the
model; we are primarily interested in the response to the demand shifters. Since
we are modeling allocations of group expenditure, the Marshallian price elasticities
in Table 9 are conditional on total expenditure on beer and wine.

The model generally performs well, but because the expenditure share of “other
wine” is very small, some of the corresponding elasticities and their standard
errors in that equation are quite large, and some of the measured effects are not stat-
istically significant—especially among the demographic factors. The own-price elas-
ticities of demand are negative and elastic for each category, consistent with
expectations and encouraging us to place some confidence in the performance of
the model. The cross-price elasticities suggest that the three beer categories are sub-
stitutes for one another (with the exception of macro and imported beer), but we note
a few complementarities between some categories of beer and wine, as well as
between some wine categories. The estimated expenditure elasticities—reflecting
allocation of beer and wine expenditures—are plausible magnitudes and ranked as
expected with larger values for craft beer, import beer, high-priced wine, and other
wine categories; these groups represent the premium categories, whereas macro
beer and low-priced wine are the lower-end categories.

The elasticity with respect to the “Trump” variable indicates that in regions where
Trump had greater voter support in the 2016 national election, consumers tend to
demand more macro beer, but less of everything else. The responses to the ancestral
preference variables are generally consistent with expectations, but with some small
surprises in terms of the effects on demand for imported beer and high-priced wine.
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 ances-
tral 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. The increase in the
demand for imported beer associated with an increase in the Hispanic share of the
population probably reflects a demand by people with Mexican antecedents for
the many popular beers imported from Mexico. The population density variable sug-
gests that representative consumers in more urban areas demand more high-priced
wine and imported beer, but less craft beer and less low-priced wine.

Elasticities of demand for each type of beer and wine with respect to income (total
expenditure on all goods) and with respect to prices conditional on income, calcu-
lated according to Equations (9) and (10) and, thus, combining the first-stage esti-
mates from Table 8§ and the second-stage estimates from Table 9, are reported in
Table 10. These elasticities are intuitive.
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Table 9
Elasticities from the Rotterdam Model Estimated Using DMA-Level Data, 2006-2015
Beer Wine
Variable Craft Macro Import Low-priced  High-priced Other
Craft price —1.420%*%*  —0.021** 0.542%** —0.394%*%* 0.864%** —2.865%%*
(0.042) (0.010) (0.023) (0.024) (0.035) (0.256)
Macro price —0.196%**  —1,095%** 0.439%** (7] 5%** —0.165%* 5.929%**
(0.072) (0.039) (0.051) (0.059) (0.084) (1.474)
Import price 0.821%** 0.120%**  —],987*** 0.237%** —0.256%**%  —0.981
(0.034) (0.011) (0.038) (0.028) (0.039) (0.315)
Low price —0.571%%%  —(.]144%** 0.202%**  —(,558%** 0.456%*** 0.489
(0.034) (0.012) (0.027) (0.038) (0.043) (0.335)
High price 1.145%%* 0.105%**  —(0,092%** 0.509%** =2.277H*% —4,017***
(0.042) (0.014) (0.031) (0.035) (0.068) (0.163)
Other price —0.672%%* 0.223%%* (), 144%** 0.102* —0.827%%*%  —0.380
(0.060) (0.049) (0.049) (0.055) (0.060) (1.545)
Expenditure 0.894%** 0.813%%* 1.040%*** 0.819%** 2.206%** 1.824%**
(0.027) (0.020) (0.022) (0.024) (0.031) (0.645)
Trump —1.239%s#* 0.466***  —0.406%**  —(.50]%** —0.591%*%*%  —0.106
(0.044) (0.037) (0.036) (0.040) (0.043) (1.152)
Beer ancestry 0.335%** 0.128%**  —(0.422%**  —(.142%** —0.373%%* 0.142
(0.027) (0.022) (0.022) (0.024) (0.027) (0.699)
Wine ancestry 0.083***  —(0,073%** 0.157*** 0.283%** —0.162%**  —0.075
(0.029) (0.024) (0.024) (0.026) (0.029) (0.750)
Hispanic —0.172%**  —0.010 0.086*** 0.102%** —0.027**%*  —0.004
(0.010) (0.008) (0.008) (0.009) (0.009) (0.248)
Pop. density —0.109%%* 0.006 0.074%*% (. 1]12%** 0.055%** 0.206
(0.008) (0.006) (0.007) (0.007) (0.008) (0.205)
R? 0.316 0.175 0.401 0.280 0.403
Mean share 0.081 0.569 0.120 0.115 0.095 0.019

Notes: Marshallian price elasticities and expenditure elasticities, conditional on total beer and wine expenditure. Second-stage estimation.

Source: Created by the authors using data from Nielsen and other sources as described in Table 3.

VII. Conclusion

Across the United States, populations can differ substantially in terms of their ethnic
and cultural background. Looking at the state-level longer-term data (1970-2016),
consumption patterns vary significantly spatially in terms of the balance between
beer and wine, and are not converging. Furthermore, as revealed by our analysis
using more detailed data over a shorter period (2006-2015), the consumption
patterns within each alcohol category vary greatly.

In this article, we focused on the role of demographic characteristics of popula-
tions as potential determinants of these persistent spatial patterns that could not rea-
sonably be accounted for by conventional economic variables. In doing so, we sought
to control for the effects of prices and incomes (or total expenditures) and where
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Table 10
Marshallian Price and Expenditure Elasticities, Conditional on Total Expenditure
Beer Wine

Craft Macro Import Low-priced High-priced Other
Craft —1.261 0.111 0.758 —0.260 1.837 —2.200
Macro 0.976 —-0.126 2.029 0.271 6.981 10.815
Import 1.043 0.303 —1.687 0.423 1.095 —0.058
Low-priced -0.334 0.052 0.524 —-0.359 1.901 1.478
High-priced 1.284 0.220 0.096 0.626 —1.435 -3.441
Other —0.642 0.247 —0.104 0.127 —0.646 -0.256
Income (#M) 1.088 0.990 1.267 0.998 2.687 2.221

Notes: Marshallian price elasticities and expenditure elasticities, conditional on income. Calculated from first- and second-stage estimates as
described in Equations (9) and (10).

Source: Created by the authors using data from Nielsen and other sources as described in Table 3.

possible to obtain useful measures of price and income elasticities. We employed a
consistent modeling approach applied to two quite different data sets, which
enables us to make some inferences about the consequences of aggregation across
consumers, goods, and time for our findings.

First, using state-level annual per capita time series data, we estimated both single
equation (logarithmic differential) models of demand and the Rotterdam model,
treating alcohol (beer, wine, and spirits) as a weakly separable group. This enabled
us to compute elasticities of demand conditional on group expenditure (i.c.,
alcohol) and elasticities conditional on total expenditure on all goods, as is more rel-
evant for most policy questions. Plots of the data and some pretesting led us to split
the data for this analysis into two sub-periods. In this work we were concerned that
the measures of prices were seriously inadequate and that there might be further
problems occasioned by the aggregation of data across diverse regions within
states, and across diverse products within categories. This analysis yielded results
that might be seen as plausible at first blush, but the estimates were somewhat
fragile and mixed with respect to some of the demographic factors of greatest inter-
est. Ultimately, we concluded that it would be of interest to conduct an analysis using
less-aggregative data with better measures of prices.

The results from our analysis using disaggregated data are much more consistent
with expectations and are much more satisfactory. We found strong and compelling
evidence that ancestral alcohol consumption patterns, urbanization, and political
affiliations are associated with differing consumer preferences for types of beer
and wine. Considering beer and wine together, areas with populations having stron-
ger ancestral links to beer-drinking nations demand relatively more macro and craft
beer compared to other beverages, and less imported beer and low- and high-priced
wine. Areas with populations with high ancestral wine consumption demand rela-
tively more craft and imported beer and low-priced wine, and less macro beer and
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high-priced wine. An increase in the Hispanic share of the population is associated
with an increase in demand for imported beer and low-priced wine relative to all
other beverages. Areas with more Trump supporters demand more macro beer,
but less craft and imported beer and less low- and high-priced wine.

We do not claim causality in any of these findings. We cannot say whether voting
for Trump causes Americans to consume more light beer. However, the findings
provide compelling evidence that alcohol consumption patterns in the United
States are not converging in any simple or general way and the patterns are associ-
ated with enduring socioeconomic and demographic characteristics of the popula-
tion. Total alcohol consumption and shares among categories of alcohol (i.e.,
beer, wine, and spirits) differ significantly among populations and regions across
the country, as do the product shares within alcohol categories. And when we try
to explain these differences, it is important to use sufficiently disaggregated data
and to look beyond the typical economic variables such as per capita income and
prices. Drinking is often tied to culture and tradition, and even after people immi-
grate to the United States their ancestral beverage preferences persist to some
extent and are instilled in younger generations.
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