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Abstract

This research examines long-run changes in alcohol consumption patterns for the United
States, at the state level, and presents forecasts for per capita consumption of beer, wine,
and spirits developed using the ARIMA methodology. The evidence is then presented on
the extent of convergence in consumption through time. This evidence shows that from the
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. The changes in consumption
through time are illustrated via ternary plots. Bayesian estimation methods are used to for-
mally describe changes in historical consumption patterns and to investigate the impact of
policy settings on consumption forecasts. There were no systematic correlations found
between alcohol policy settings and forecast future consumption changes, or tax rate levels
and forecast consumption changes. (JEL Classifications: D12, I18, L66)

Keywords: alcohol consumption mix, alcohol policy, forecasting consumption changes.

I. Introduction

With retail sales of $212,172M, the U.S. alcoholic beverage market is slightly smaller
than China ($249,716M), the largest market, and substantially larger than Japan
($88,676M), the third largest market.1 The production of alcoholic beverages
within the United States is also substantial, and the Distilled Spirits Council of
the United States estimated that the total direct economic value of the domestic
alcoholic beverage sector in 2015 was $212.2B.2
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Although alcohol is an important consumption good and domestic alcohol pro-
duction an important industry, excessive alcohol consumption is associated with
substantial negative health outcomes and large externality costs (Sacks et al.,
2013; Sacks et al., 2015). In addition to the evidence on the negative effects of exces-
sive alcohol consumption (see Holmes et al. (2012) for a review), there is also
evidence that externality costs vary with beverage type. For example, Naimi et al.
(2007) find beer to be over-represented in binge drinking incidents in the United
States; and beer consumption is over-represented, relative to its consumption
share, in drunk driving incidents (Kerr and Ye, 2011; Berger and Snortum, 1985;
Colón and Cutter, 1983). The U.S. evidence on liver cirrhosis mortality also suggests
the strongest association is with spirits rather than beer or wine (Ye and Kerr, 2011;
Ponicki and Gruenewald, 2006; Cohen, Mason, and Farley, 2004; Gruenewald and
Ponicki, 1995; Roizen, Kerr, and Fillmore, 1999). Spirits are also found to be the
dominant beverage for binge drinking involving U.S. youth (Naimi et al., 2015;
Siegel et al., 2011).

It is valuable to understand the trends and possible future patterns for alcohol
consumption by beverage type given that the consumption of some alcoholic
beverage types tends to be more strongly correlated with outcomes or actions that
increase externality costs and negative health outcomes. Alcohol consumption
forecasts can also be compared to policy settings to gain insights on the relative
effectiveness of different alcohol use control policies, including alcohol taxes.

In this research United States’ state level per capita alcohol consumption data are
used to investigate trends in consumption patterns and forecast future consumption
trends, and investigate the extent of convergence in alcohol consumption patterns
across states. The alcohol policy environment in each state is then compared to
consumption forecast information to try and identify the impact of policy settings
on forecast consumption trends.

II. Data and Methods

A. Data

Alcohol consumption data are derived from LaVallee, Kim, and Yi (2014), and
represent average per capita (14+) ethanol consumption from beer, wine, and
spirits, where the conversion rates to ethanol are based on average alcohol by
volume rates of 4.8% for beer, 12.5% for wine, and 40% for spirits. The source
data covers the period between 1972 to 2012. State level tax rate information is
based on the Tax Foundation values, converted to pure alcohol tax rate equivalents.
Federal tax rate information is based on excise tax information. Policy setting infor-
mation is based on the ratings in the various Centers for Disease Control and
Prevention policy report cards. The report cards use a red, yellow, and green
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evaluation system, and provide information on taxation, the extent of commercial
host liability laws, and the ability to regulate outlet density.3

B. Visual Data Display

The analysis considers beer, wine, and spirit consumption, and the data are displayed
via a series of ternary plots. In each plot the overall level of consumption is illus-
trated via the size of the dot. The way the consumption share data on state level
per capita beer, wine, and spirit consumption are mapped to each ternary plot is
shown in Figure 1. The specific software used to generate the ternary plots was
Hamilton (2016).

C. Convergence Measures

The first measure used to track convergence was the change in the coefficient of
variation for per capita consumption for each beverage, where the coefficient of var-
iation was defined as σ it=�Xit; where σit denoted the standard deviation of per capita
consumption for beverage i at time t, and �Xit denoted the average level of per capita
consumption for beverage i at time t.

In addition to an individual beverage measure, we follow the approach of Holmes
and Anderson (2017) and use the similarity index presented in Anderson (2014) to
calculate a similarity index value, for each state that includes information on the dif-
ferences between individual state level ethanol consumption shares and the average
ethanol consumption share for all three beverages. The specific measure we calculate
can be defined as follows. Let sijt denote the ethanol share for beverage i, in state j, at
time t; and let �sit denote the average ethanol share for beverage i at time t across all
states. The overall similarity index value for state j, at time t, can then be found as:

Wjt ¼
P

isijt:�sit=ð
P

is2ijtÞ1=2:ð
P

i�s2itÞ1=2, where the metric converges to one for equal-
ity between the consumption pattern in state j and the average, and tends to zero the
more dissimilar the consumption mix in state j is to the average. We then calculate
the mean, standard deviation, and coefficient of variation for the index.

One criticism of the similarity index measure used in Holmes and Anderson
(2017), when applied to ethanol or budget share information, was that the adding-
up constraint places restrictions on the covariance relationships across beer, wine,
and spirits. The specific restrictions on the covariances are set out in detail in
Mills (2018), and in light of these issues Mills (2018) suggested using the trace
of a matrix that was calculated as the centred log-ratio of covariances. The
specific convergence measure is tr(Γt), where, Γt ¼ ½covflogðsit=StÞ; logðskt=StÞg :

i, k = beer, wine, spirits, where sit = si1t, si2t, …siJt, and St ¼ ½ðsb1t:sw1t:ss1tÞ
1
3 ×

3For the purposes of this research the District of Columbia is included in the sample of states.
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ðsb2t:sw2t:ss2tÞ
1
3::: ðsbJt:swJt:ssJtÞ

1
3�T ; and this measure flows from the work of Aitchison

(1982, 2003).

D. Forecasts

The beverage specific consumption forecasts have been developed using the ARIMA
methodology. With B denoting the backshift operator such that Byt = yt−1, it is con-
ventional to write the general form of an ARIMAmodel for the series yt as (1− ϕ1 −
B−…− ϕpB

p)yt= c+ (1 + θ1B +… + θqB
q)et. However, it terms of understanding

the steps involved in developing the forecasts it can be easier to think of using a
two-step process. The first step is to determine the order of integration, and the
second step is to determine the appropriate number of moving average (MA) and
autoregressive (AR) parameters to use in the forecast model.

Methods to test for stationarity can be classified in terms of tests where the null
hypothesis is that the data series is stationary, and tests where the null hypothesis
is that the data series has a unit root. Here, to prevent over differencing, the KPSS
test introduced in Kwiatkowski et al. (1992) is used to determine the order of integra-
tion. The null hypothesis for the KPSS test is that the data series is stationary. The
alternative hypothesis is that the series has a unit root.

Figure 1

The Geometry of Alcohol Consumption
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For each data series, following differencing (if required) an automated iterative
process was used to search for the appropriate number of AR and MA terms. In the
search process five MA terms and five AR terms were set as a predefined limit for
the maximum number of terms in the model. For all models that are stationary, in
levels or first differences, the possibility of including a constant term was also consid-
ered. For stationary in levels models the constant is interpreted as a non-zero mean
term. In first difference stationary models the constant is interpreted as a drift term.
For models differenced at least twice, a constant term is not considered. To select
between different models BIC was used. Hyndman (2017) was used for estimation,
and complete details on the estimation routines are explained in Hyndman and
Khandakar (2008). Model selection andmodel fit details are reported in theAppendix.

E. Pair-Wise Comparisons of Consumption Changes

All pair-wise comparisons of consumption changes rely on Bayesian estimation
methods. The case for using Bayesian estimation methods rather than t-tests is set
out in Kruschke (2013), where it is shown that even for simple comparisons
Bayesian methods have substantial advantages over traditional null hypothesis
significance testing. As we follow Kruschke (2013), when reporting the estimation
results we focus on reporting 95% Highest Density Intervals (HDI). Estimation
relies on Kruschke and Meredith (2017), and the default settings are used. This
means that the data are modeled using a t-distribution with uninformative priors,
and the MCMC chain length is 10,000, with no thinning, and the burn-in length
is 1,000.

F. Policy Setting Comparisons

To investigate possible reasons for differences in forecast per capita consumption, for
each beverage category, states were grouped into jurisdictions where consumption is
forecast to increase, decrease, or remain constant. Comparisons across groups rely
on the same methods described earlier.

III. Results

A. Total Per Capita Alcohol Consumption

To illustrate changes in total per capita consumption across the United States,
Figure 2 plots state level average consumption levels at ten-year intervals, as well
as forecast per capita consumption in 2022, which is ten years from the last year
of source data. Figure 2 shows that over the period 1972 to 2002, both the total
per capita alcohol consumption and the extent of dispersion in per capita consump-
tion across states decreased; and that since 2002 there has been a slight increase in
both the level of alcohol consumption and the level of dispersion. The state level
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alcohol consumption forecasts for 2022 suggest no further increases in average per
capita consumption, but a continuing increase in dispersion across the states.

B. Beverage Specific Consumption Changes

In Figure 3 the position of each dot indicates the relative importance of each bever-
age in terms of the per capita consumption share, and the size of the dot reflects total
per capita alcohol consumption. Similar to Figure 2, in Figure 3 both actual values
and forecast values for 2022 are plotted. Considering Figure 3 as a whole reveals
several key features of the U.S. alcoholic beverage market. First, over the period
1972 to 2012, the size of the largest dots tends to get smaller. This is evidence of a
reduction in drinking in those states that have historically had the highest level of
alcohol consumption. Second, between 1972 and 2002 the dots shift to the right,
indicating an increase in the relative importance of beer at the expense of spirits.
Third, between 2002 and 2012 there is an upward shift in the dots that indicates
an increase in the relative importance of wine. Fourth, between 1972 and 1992 the
dots became more clustered together, but then they start to move further apart
again such that the variation in consumption preferences for beer, wine, and
spirits across states in the forecast period looks about the same as that observed in
1972.

Table 1 provides information on the coefficient of variation through time for per
capita consumption of each beverage, total per capita consumption, and the ethanol
share similarity index. The trace of the log-ratio centered covariance matrix is also
shown. These values can be seen as providing formal evidence on the changes in dis-
persion through time. For spirits, the measure indicates steady convergence from
1972 to 2012, and then an increase in dispersion for the forecast period; for wine
we see convergence for the period 1972 to 1992 followed by an increase in dispersion;
and for beer we see convergence over the period 1972 to 2002 followed by an increase
in dispersion. For the total alcohol consumption measure we see a decrease in

Figure 2

U.S. Per Capita Ethanol Consumption through Time
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dispersion between 1972 and 2002, followed by an increase in dispersion. For the
ethanol share index measure we see a decrease in dispersion between 1972 and
1992, followed by an increase in dispersion. One interpretation of the 2022 values
for the total consumption measure and the index measure is that, relative to 1972,
there will be less dispersion in the level of consumption in 2022, but slightly more
variation in the consumption mix.

Figure 3

Beer, Wine, and Spirits Consumption in the United States
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The pattern of values for the trace statistic is broadly the same as for the other
measures: the trend towards convergence ended a long time ago, and, looking
forward, greater divergence is expected. Overall the message is clear. While there
was a sustained trend towards convergence over many years, that trend has now
reversed, and looking forward, there is no evidence of the convergence trend
returning.

Table 2 through Table 4 provide a numerical summary of the decade-by-decade
consumption level changes through time. In each table the values reported are the
mean differences through time, with repeat observations for each state treated as
paired observations. The values in parenthesis represent the 95% HDI. To under-
stand how the values in each table should be read, first consider the on-diagonals
for the beer data. The value in the 1972–1982 cell says that average state level
per capita ethanol consumption from beer in 1982 was 0.22 gallons higher than
it was in 1972. Similarly, the value in the 1982–1992 cell says that average state
level per capita ethanol consumption from beer in 1992 was 0.09 gallons lower
than it was in 1982. The remaining on-diagonal values can be interpreted the
same way.

Now consider the 1972 row for the beer table. The row tracks the changes through
time, relative to 1972. So, the value in the 1972–1992 cell says that per capita ethanol
consumption from beer in 1992 was 0.13 gallons higher than it was in 1972. The
values in the remainder of the row have a similar interpretation. So, by reading
across the 1972 row it can be seen that, on average, the initial increase in per
capita beer consumption in the early part of the sample period, has, by 2012, been
reversed.

The 2012–2022 cell in each table provides information on the expected change in
the consumption level over the forecast period. The values suggest, on average, no
change for beer and wine, but an increase in the consumption of spirits.

In Figure 4, for each beverage, the overall distribution of per capita consumption
is shown, where the comparisons are for 1972 and 2012 (figures on the left); and 2012
and expected consumption in 2022 (figures on the right). For the spirits comparison
the U-shape in dispersion can be clearly seen. Between 1972 and 2012 the

Table 1
Convergence Measures: Coefficient of Variation and Trace

Year Spirits Wine Beer Total Index Trace

1972 0.570 0.595 0.209 0.368 0.020 0.153
1982 0.432 0.562 0.183 0.277 0.018 0.151
1992 0.384 0.498 0.168 0.239 0.010 0.141
2002 0.345 0.515 0.156 0.209 0.012 0.173
2012 0.329 0.517 0.193 0.226 0.017 0.198
2022 0.372 0.542 0.232 0.252 0.023 0.231
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Table 2
Changes in Per Capita Beer Consumption (G Ethanol), 1972–2022, Population 15+

Year 1982 1992 2002 2012 2022

1972 0.223 0.132 0.095 0.014 −0.029
(0.187 to 0.239) (0.084 to 0.177) (0.039 to 0.152) (–0.051 to 0.080) (–0.110 to 0.051)

1982 −0.094 −0.130 −0.208 −0.251
(–0.128 to –0.059) (–0.179 to –0.080) (–0.274 to –0.105) (–0.333 to –0.168)

1992 −0.032 −0.115 −0.151
(–0.064 to –0.000) (–0.164 to –0.064) (–0.221 to –0.081)

2002 −0.083 −0.109
(–0.115 to –0.051) (–0.164 to –0.056)

2012 0.000
(–0.001 to 0.000)
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Table 3
Changes in Per Capita Wine Consumption (G Ethanol), 1972–2022, Population 15+

Year 1982 1992 2002 2012 2022

1972 0.057 0.009 0.037 0.114 0.092
(–0.041 to –0.073) (–0.009 to 0.026) (0.012 to 0.062) (0.087 to 0.141) (0.059 to 0.125)

1982 −0.045 −0.013 0.059 0.043
(–0.063 to –0.028) (–0.035 to 0.008) (0.037 to 0.081) (0.014 to 0.072)

1992 0.023 0.108 0.085
(0.014 to 0.034) (0.088 to 0.129) (0.065 to 0.106)

2002 0.086 0.066
(0.070 to 0.103) (0.049 to 0.084)

2012 0.000
(–0.001 to 0.000)
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Table 4
Changes in Per Capita Spirits Consumption (G Ethanol), 1972–2022, Population 15+

Year 1982 1992 2002 2012 2022

1972 −0.070 −0.300 −0.334 −0.179 −0.126
(–0.108 to –0.032) (–0.354 to –0.247) (–0.393 to –0.281) (–0.253 to –0.106) (–0.211 to –0.043)

1982 −0.256 −0.293 −0.138 −0.081
(–0.293 to 0.223) (–0.336 to –0.250) (–0.199 to –0.080) (–0.149 to –0.013)

1992 −0.046 0.096 0.150
(–0.065 to –0.028) (0.060 to 0.134) (0.099 to 0.201)

2002 0.152 0.208
(0.130 to 0.176) (0.166 to 0.250)

2012 0.060
(0.026 to 0.093)
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distribution becomes much tighter, and then between 2012 and 2022 the distribution
becomes more spread out again. The center of the distribution seems to shift back
between 1972 and 2012, and then drift forward again for the forecast period. For
wine we see both an increase in the mean and an increase in dispersion between
1972 and 2012, and little change for the forecast period. For beer the pattern is
similar to spirits, but much less pronounced: a decrease in dispersion between
1972 and 2012 and then an increase in dispersion for the forecast period.

C. State Specific Information on Forecasts

In terms of specific states, in percentage terms, per capita spirits growth is forecast
to be highest in: North Dakota, Iowa, Delaware, Oregon, and Idaho; per capita
wine consumption growth is forecast to be highest in Delaware, West Virginia,
Massachusetts, Idaho, and Tennessee; and for beer, per capita consumption
growth is forecast to be highest in South Dakota, Kentucky, Ohio, Florida,
Delaware, and Tennessee.

From a health policy and externality cost point of view, increases in per capita
consumption are more concerning when the starting consumption level in a state
is already high. As such, Table 5 identifies those states where the level of per
capita consumption in 2012 was above the national average, and where further
increases in consumption are forecast. In the table Delaware stands out as the
only state where per capita consumption of all three beverage types is already
above average, and where consumption is forecast to increase for all three beverages.

D. Policy Setting Comparison

The results for the comparison of tax rates are shown in Figure 5. In the figure,
reading across the rows provides information on comparisons where the groups
are held constant and beverage type varies; and reading down the columns provides
comparisons where the beverage type is held constant and the group comparisons
vary. The first row of the figure provides the comparisons between states where
consumption is forecast to increase and consumption is forecast to decrease; the
second row provides the comparisons of states where consumption is forecast to
increase with states where consumption is forecast to remain unchanged; and the
bottom row of the figure provides the comparisons of states where consumption is
forecast to remain unchanged with states where consumption is forecast to decrease.

For spirits the results suggest that taxes tend to be higher in jurisdictions where
consumption is forecast to increase, compared to the jurisdiction where consumption
is forecast to decrease or remain constant; and that there is no difference between
jurisdictions where consumption is forecast to decrease and jurisdictions where
consumption is forecast to remain constant. For wine, there is no evidence of any
systematic differences across the three comparisons. For beer, taxes tend to be
lower in jurisdictions where consumption is forecast to increase, relative to
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Figure 4

The Consumption Distribution: Past, Present, and Future
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jurisdictions where consumption is forecast to increase or remain constant. Similar
to spirits and wine, for beer, there appears to be no difference in taxes between juris-
dictions where consumption is forecast to decrease and jurisdictions where consump-
tion is forecast to remain constant.

The comparison of the policy settings by the three classifications is set out in
Figure 6 and Table 6, and the visual is compelling. The figure clearly shows that
there are no major systematic differences between the policy settings across jurisdic-
tions with increasing, decreasing, or constant forecasts for future consumption. The
values in Table 6 represent the proportion of policy setting variables in each category,
and the 95% HDI. By reading across each row of the table it can be seen that there
are no differences of any note.

IV. Discussion

There is global evidence of convergence in alcohol consumption patterns (Aizenman
and Brooks, 2008; Colen and Swinnen, 2016; Holmes and Anderson, 2017; Smith
and Solgaard, 2000). The analysis presented here has found that since the early
1970s, within the United States, there was a clear trend towards increased conver-
gence in both the level of consumption and the consumption mix for around
30 years, but that this trend has not been present since the early 2000s. Looking
forward, forecasts of state level per capita consumption suggest a further increase
in dispersion rather than convergence.

One way to characterize the consumption pattern of a nation is to identify a
national beverage preference. In 2012, in no state was the ethanol share for wine
or spirits greater than 45%, but beer accounted for at least 45% of consumption in
35 states. The beer ethanol share is actually above 50% in 24 states. At the end of
the forecast period beer consumption is no longer quite so dominant, with the
number of states where forecast beer consumption accounts for at least 45% of per
capita consumption falling to 28 states, and the number of states where forecast

Table 5
Jurisdictions with above Average and Increasing Consumption

Spirits Spirits Beer Wine

Connecticut Missouri Alabama Delaware
Delaware Montana Delaware Idaho
District of Columbia New Jersey District of Columbia Maine
Florida New Mexico Florida Massachusetts
Idaho North Dakota Ohio
Iowa Oregon South Dakota
Maryland Rhode Island
Michigan Wyoming
Minnesota
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beer consumption accounts for at least 50% of per capita consumption falling to
19 states. For wine, the forecasts suggest that by 2022 the consumption share will
not have risen above 45% in any state. For spirits, the forecasts suggest that the con-
sumption share will be above 45% in four states, and above 50% in two states by
2022. It therefore seems reasonable to describe the United States as a beer drinking
nation, but one where beer’s dominance is likely to fall over the coming decade.

Figure 5

Comparison of Tax Settings by Consumption Forecast Grouping
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For beer, it was found that jurisdictions where consumption was forecast to
increase tended to have lower beer taxes than other jurisdictions. However, for
wine, no relationship between tax rates and the forecast consumption change was
identified. In the case of spirits, jurisdictions where consumption was forecast to
increase were found to have higher spirits taxes than other jurisdictions. This
finding was surprising as several review studies reported strong evidence that
higher taxes are effective in lowering alcohol consumption and associated harms
(Anderson, Chisholm, and Fuhr, 2009; Burton et al., 2017; Elder et al., 2010). It
is, however, necessary to note that the associations identified here are correlations
only, and do not identify causation. For example, a plausible hypothesis regarding
spirits consumption could be that policy makers, seeing rising consumption as an
issue, increase alcohol taxes. If this proposition is true, what we observe in the
data are an association between higher taxes and growing consumption, but the rela-
tionship is one of higher consumption causing higher taxes, not higher taxes causing
higher consumption. Also surprising was that no systematic relationship between the
overall policy setting for alcohol and the consumption forecasts was observed, but
this could be because the traffic light system for classifying policy settings was too
coarse of a measure.

For the tax rate comparisons, it is also possible that the wrong comparison is being
made. The comparison made in this research was between the forecast growth in
consumption and the level of taxation. Recent work has shown that the real tax
burden on alcohol beverages in the United States has been falling. For example,
Naimi et al. (2018) show that state alcohol excise taxes, in real terms, have fallen sub-
stantially since 1991 (the specific decreases are beer 30%, wine 27%, and spirits 32%).
This decrease in the real tax rate means that real prices are falling, and hence

Figure 6

Comparison of Policy Settings
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consumption should rise. Further, the higher the level of the tax, the greater the real
dollar value decline in the price of alcohol when taxes are not indexed to inflation.
So, through time, the failure to index alcohol excise taxes results in greater real
price falls (and hence consumption increases) for high tax beverages such as
spirits. Although, more recent meta studies that correct for publication bias tend
to find very inelastic demand (Nelson, 2013), and some studies that look explicitly
at tax elasticity also find very little price responsiveness (Freeman, 2011).

Delaware was the only state identified where consumption of all three beverages
was above the national average and consumption was also forecast to increase for
each beverage. This suggests Delaware as a possible case study for further in-
depth study. If, reflecting the evidence on externality costs discussed in the
Introduction, greater emphasis is placed on controlling spirit and beer consumption,
then there are 20 states where per capita consumption is already high, and either beer
or spirit consumption is forecast to increase in the future. Of these states the District
of Columbia and Florida stand out as states where the consumption of both beer and
spirits is currently above average and forecast to increase. Although, in the case of the
District of Columbia, it is possible that the spirits consumption data are impacted by
cross-border sales issues. More generally, the identification of jurisdictions where
consumption is both high and forecast to increase for at least one beverage type
(Table 5) is valuable. These are states that can be prioritized for targeted work to
identify the underlying causes of the increase.

Table 6
Proportions Comparisons for Alcohol Policy Settings

Classification Increase Constant Decrease

A. Spirits Policy Settings
Green 0.54 0.62 0.50

(0.43 to 0.64) (0.48 to 0.76) (0.29 to 0.71)
Yellow 0.34 0.32 0.34

(0.24 to 0.45) (0.19 to 0.45) (0.15 to 0.54)
Red 0.13 0.08 0.19

(0.06 to 0.20) (0.02 to 0.16) (0.05 to 0.38)
B. Wine Policy Settings

Green 0.58 0.53 0.62
(0.39 to 0.76) (0.42 to 0.65) (0.49 to 0.73)

Yellow 0.30 0.35 0.31
(0.14 to 0.48) (0.24 to 0.46) (0.20 to 0.42)

Red 0.14 0.13 0.09
(0.04 to 0.29) (0.06 to 0.21) (0.03 to 0.17)

C. Beer Policy Settings
Green 0.50 0.55 0.61

(0.29 to 0.71) (0.44 to 0.67) (0.49 to 0.73)
Yellow 0.34 0.36 0.27

(0.15 to 0.55) (0.26 to 0.47) (0.17 to 0.38)
Red 0.19 0.091 0.12

(0.05 to 0.37) (0.03 to 0.16) (0.05 to 0.21)
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The identification of states where consumption is currently low and forecast to
decrease is also valuable, as in-depth study of these jurisdictions could also identify
useful insights that have broader policy implications. The specific jurisdictions where
consumption is currently low and consumption is forecast to fall for at least two
beverage categories are: Arkansas (spirits, wine, and beer); Arizona (wine and beer);
Kansas (spirits andbeer),Nebraska (spirits andwine), andOklahoma (spirits andbeer).

V. Conclusion

This research has used a variety of techniques to describe the historical changes in
alcohol consumption patterns at the U.S. state level and forecast future consump-
tion. The analysis found that while there was a trend towards convergence for
several decades, this trend was no longer present by the start of the century, and
based on the forecasts, the return of a trend towards convergence is unlikely. No
systematic correlations were found between alcohol taxes or other alcohol policy
settings and forecast future consumption changes.
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Appendix

Table A1
Model Summary Per Capita Beer Forecasts (Gallons (G) of Ethanol)

State ARIMA(p,d,q) Model BIC 2022 G △G State ARIMA(p,d,q) Model BIC 2022 G △G

Alabama ARIMA(0,2,1) −138 1.165 −0.001 Montana ARIMA(0,1,0) −123 1.677 0.000
Alaska ARIMA(0,1,0) −67 1.166 0.000 Nebraska ARIMA(1,0,0)* −158 1.401 0.008
Arizona ARIMA(0,2,1) −98 0.897 0.221 Nevada ARIMA(0,2,1) −102 1.030 0.339
Arkansas ARIMA(0,2,1) −154 0.950 0.050 New Hampshire ARIMA(0,1,1) −83 1.840 0.000
California ARIMA(1,2,1) −130 0.854 0.101 New Jersey ARIMA(0,1,0) −200 0.884 0.000
Colorado ARIMA(0,2,1) −113 0.959 0.173 New Mexico ARIMA(1,2,1) −108 1.008 0.228
Connecticut ARIMA(0,1,0) −174 0.865 0.000 New York ARIMA(0,1,0) −178 0.909 0.000
Delaware ARIMA(1,0,0)* −144 1.322 −0.005 North Carolina ARIMA(0,2,1) −173 0.987 0.075
District of Columbia ARIMA(0,1,0) −132 1.191 0.000 North Dakota ARIMA(0,1,0) −125 1.751 0.000
Florida ARIMA(0,2,1) −118 1.267 −0.007 Ohio ARIMA(1,0,0)* −148 1.281 −0.040
Georgia ARIMA(0,2,1) −139 0.947 0.097 Oklahoma ARIMA(0,1,0) −148 1.143 0.000
Hawaii ARIMA(0,1,0) −87 1.253 0.000 Oregon ARIMA(0,1,0) −164 1.196 0.000
Idaho ARIMA(0,2,1) −128 0.727 0.224 Pennsylvania ARIMA(1,0,0)* −162 1.331 0.025
Illinois ARIMA(0,2,1) −179 1.023 0.118 Rhode Island ARIMA(0,1,1) −136 1.171 0.000
Indiana ARIMA(0,2,1) −172 0.490 0.401 South Carolina ARIMA(0,2,1) −147 1.123 0.140
Iowa ARIMA(0,1,0) −169 1.381 0.000 South Dakota ARIMA(0,1,0)** 1 1.679 −0.130
Kansas ARIMA(1,0,0)* −150 1.074 0.014 Tennessee ARIMA(0,2,1) −135 1.014 0.052
Kentucky ARIMA(2,0,0)* −130 1.027 −0.051 Texas ARIMA(0,2,1) −144 1.175 0.143
Louisiana ARIMA(0,1,0) −116 1.378 0.000 Utah ARIMA(0,1,0) −161 0.686 0.000
Maine ARIMA(0,1,0) −156 1.340 0.000 Vermont ARIMA(0,1,0) −127 1.509 0.000
Maryland ARIMA(0,1,0) −154 0.912 0.000 Virginia ARIMA(0,1,0) −122 1.042 0.000
Massachusetts ARIMA(0,1,0) −147 1.029 0.000 Washington ARIMA(0,1,0) −141 0.956 0.000
Michigan ARIMA(0,1,0) −195 1.077 0.000 West Virginia ARIMA(0,1,0) −184 1.245 0.000
Minnesota ARIMA(0,1,0) −150 1.182 0.000 Wisconsin ARIMA(0,1,0) −142 1.461 0.000
Mississippi ARIMA(0,2,1) −143 1.366 0.001 Wyoming ARIMA(0,1,0) −69 1.320 0.000
Missouri ARIMA(0,1,0) −149 1.223 0.000

* model with non-zero mean; ** model with drift term.
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Table A2
Model Summary Per Capita Wine Forecasts (Gallons (G) of Ethanol)

State ARIMA(p,d,q) Model BIC 2022 G △G State ARIMA(p,d,q) Model BIC 2022 G △G

Alabama ARIMA(0,1,0) −224 0.242 0.000 Montana ARIMA(0,1,0) −148 0.342 0.000
Alaska ARIMA(1,0,0)* −149 0.472 0.047 Nebraska ARIMA(1,0,0)* −212 0.187 0.016
Arizona ARIMA(1,0,0)* −168 0.380 0.052 Nevada ARIMA(0,1,0) −162 0.622 0.000
Arkansas ARIMA(1,1,0) −246 0.199 −0.002 New Hampshire ARIMA(0,1,0) −140 0.858 0.000
California ARIMA(0,1,0) −171 0.625 0.000 New Jersey ARIMA(0,1,0) −208 0.602 0.000
Colorado ARIMA(1,0,0)* −156 0.430 0.075 New Mexico ARIMA(0,1,0) −193 0.328 0.000
Connecticut ARIMA(0,1,0) −205 0.615 0.000 New York ARIMA(1,0,0)* −199 0.468 0.038
Delaware ARIMA(0,1,0)** 1 0.810 −0.103 North Carolina ARIMA(0,1,0) −220 0.383 0.000
District of Columbia ARIMA(1,0,0)* −118 0.944 0.064 North Dakota ARIMA(0,1,0) −233 0.299 0.000
Florida ARIMA(0,1,0) −225 0.508 0.000 Ohio ARIMA(0,1,0) −240 0.290 0.000
Georgia ARIMA(0,1,0) −237 0.247 0.000 Oklahoma ARIMA(1,0,2)* −259 0.166 0.022
Hawaii ARIMA(1,1,0) −160 0.530 0.000 Oregon ARIMA(1,0,0)* −180 0.498 0.058
Idaho ARIMA(1,1,0) −115 1.079 −0.020 Pennsylvania ARIMA(1,0,0)* −272 0.215 0.010
Illinois ARIMA(0,1,0) −218 0.430 0.000 Rhode Island ARIMA(1,0,0)* −175 0.497 0.046
Indiana ARIMA(0,1,0) −246 0.273 0.000 South Carolina ARIMA(0,1,0) −220 0.249 0.000
Iowa ARIMA(0,1,1) −251 0.195 0.000 South Dakota ARIMA(0,1,0) −231 0.264 0.000
Kansas ARIMA(0,1,1) −214 0.137 0.000 Tennessee ARIMA(1,1,0) −263 0.253 −0.002
Kentucky ARIMA(0,1,0) −261 0.201 0.000 Texas ARIMA(0,1,0) −181 0.319 0.000
Louisiana ARIMA(1,0,0)* −195 0.264 0.039 Utah ARIMA(1,0,0)* −263 0.165 0.018
Maine ARIMA(1,1,0) −136 0.420 0.001 Vermont ARIMA(0,1,0) −179 0.702 0.000
Maryland ARIMA(2,0,0)* −231 0.349 0.042 Virginia ARIMA(0,1,0) −208 0.464 0.000
Massachusetts ARIMA(2,1,0) −207 0.699 −0.029 Washington ARIMA(1,0,0)* −183 0.493 0.034
Michigan ARIMA(1,0,0)* −174 0.286 0.051 West Virginia ARIMA(0,0,1)* −235 0.104 −0.024
Minnesota ARIMA(0,1,0) −202 0.415 0.000 Wisconsin ARIMA(1,0,0)* −213 0.335 0.031
Mississippi ARIMA(1,0,0)* −289 0.105 0.008 Wyoming ARIMA(1,0,0)* −235 0.209 0.008
Missouri ARIMA(1,1,0) −250 0.335 0.001

* model with non-zero mean; ** model with drift term.
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Table A3
Model Summary Per Capita Spirits Forecasts (Gallons (G) of Ethanol)

State ARIMA(p,d,q) Model BIC 2022 G △G State ARIMA(p,d,q) Model BIC 2022 G △G

Alabama ARIMA(1,1,0) −191 0.604 0.000 Montana ARIMA(0,2,1) −143 1.152 0.000
Alaska ARIMA(0,1,0) −52 1.128 0.047 Nebraska ARIMA(0,1,1) −115 0.697 0.016
Arizona ARIMA(0,1,0) −134 0.844 0.052 Nevada ARIMA(2,1,0) −55 1.244 0.000
Arkansas ARIMA(0,1,1) −131 0.588 −0.002 New Hampshire ARIMA(0,1,0) −57 1.885 0.000
California ARIMA(1,2,1) −164 0.825 0.000 New Jersey ARIMA(0,2,1) −154 1.003 0.000
Colorado ARIMA(0,1,0) −92 1.081 0.075 New Mexico ARIMA(1,2,1) −132 0.971 0.000
Connecticut ARIMA(1,2,0) −175 1.115 0.000 New York ARIMA(1,2,1) −140 0.899 0.038
Delaware ARIMA(0,2,1) −112 2.151 −0.103 North Carolina ARIMA(0,2,1) −215 0.685 0.000
District of Columbia ARIMA(0,2,1) −51 1.770 0.064 North Dakota ARIMA(0,2,1) −129 2.085 0.000
Florida ARIMA(0,2,1) −138 1.060 0.000 Ohio ARIMA(0,1,0) −165 0.514 0.000
Georgia ARIMA(0,1,0) −134 0.686 0.000 Oklahoma ARIMA(0,1,1) −101 0.604 0.022
Hawaii ARIMA(0,1,0) −105 0.759 0.000 Oregon ARIMA(1,2,0) −198 1.186 0.058
Idaho ARIMA(0,2,1) −168 0.984 −0.020 Pennsylvania ARIMA(0,2,2) −197 0.859 0.010
Illinois ARIMA(0,2,2) −142 0.824 0.000 Rhode Island ARIMA(0,2,1) −130 1.165 0.046
Indiana ARIMA(0,1,0) −175 0.760 0.000 South Carolina ARIMA(0,1,0) −143 0.799 0.000
Iowa ARIMA(0,2,2) −173 1.115 0.000 South Dakota ARIMA(0,1,0) −135 0.960 0.000
Kansas ARIMA(1,1,0) −159 0.714 0.000 Tennessee ARIMA(0,1,0) −194 0.679 −0.002
Kentucky ARIMA(1,2,1) −170 0.831 0.000 Texas ARIMA(0,1,0) −181 0.628 0.000
Louisiana ARIMA(0,1,0) −155 0.903 0.039 Utah ARIMA(0,2,1) −212 0.612 0.018
Maine ARIMA(0,1,0) −176 0.890 0.001 Vermont ARIMA(0,2,2) −142 0.717 0.000
Maryland ARIMA(0,2,2) −148 1.019 0.042 Virginia ARIMA(0,2,1) −215 0.738 0.000
Massachusetts ARIMA(0,1,0) −148 0.885 −0.029 Washington ARIMA(0,2,1) −180 0.873 0.034
Michigan ARIMA(1,2,1) −196 1.006 0.051 West Virginia ARIMA(1,1,0) −187 0.475 −0.024
Minnesota ARIMA(0,2,2) −122 1.264 0.000 Wisconsin ARIMA(1,1,0) −108 1.163 0.031
Mississippi ARIMA(0,1,2) −200 0.727 0.008 Wyoming ARIMA(1,1,0) −138 1.144 0.008
Missouri ARIMA(1,2,1) −140 1.020 0.001

* model with non-zero mean; ** model with drift term.

Jam
es

Fogarty
and

D
erby

V
oon

143

https://doi.org/10.1017/jwe.2018.16 Published online by Cambridge University Press

https://doi.org/10.1017/jwe.2018.16

	Alcohol Consumption in the United States: Past, Present, and Future Trends*
	Introduction
	Data and Methods
	Data
	Visual Data Display
	Convergence Measures
	Forecasts
	Pair-Wise Comparisons of Consumption Changes
	Policy Setting Comparisons

	Results
	Total Per Capita Alcohol Consumption
	Beverage Specific Consumption Changes
	State Specific Information on Forecasts
	Policy Setting Comparison

	Discussion
	Conclusion
	References


