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Abstract

Aims To determine if taxation policies that increase the
price of alcohol differentially reduce alcohol consumption
for heavy drinkers in Australia.

Design A two-part demand model for alcohol consump-
tion is used to determine the price elasticity of alcohol.
Quantile regression is used to determine the price elasticity
estimates for various levels of consumption.

Setting The study uses Australian data collected by the
National Drug Strategy Household Survey for the years
2001, 2004 and 2007.

Measurements Measures of individual annual alcohol
consumption were derived from three waves of the
National Drug Strategy Household Survey; alcohol prices
were taken from market research reports.

Findings For the overall population of drinkers, a 1 %
increase in the price of alcohol was associated with a
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0.96 % (95 % CI —0.35 %, —1.57 %) reduction in alcohol
consumption. For those in the highest 10 % of drinkers by
average amount consumed, a 1 % increase in the price of
alcohol was associated with a 1.26 % (95 % CI 0.82 %,
1.70 %) reduction in consumption.

Conclusions Within Australia, policies that increase the
price of alcohol are about equally effective in relative
terms for reducing alcohol consumption both for the gen-
eral population and among those who drink heavily.
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Introduction

The Australian Burden of Disease and Injury Study esti-
mated that, for the year 2003, the total harm attributable to
alcohol use was equivalent to 3,460 deaths and 85,435
disability-adjusted life years (DALYS), or 3.2 % of the total
disease burden [1]. The social cost of alcohol consumption
in the 2004-05 financial year was estimated at $15.3 billion
[2], and an additional $30 billion was estimated as the cost
of harm caused to people other than drinkers [3].

The public debate on the use of taxation to reduce alcohol
consumption in Australia has received renewed interest [4—
8]. Evidence suggests that the most cost-effective strategy to
achieve a reduction in consumption is increasing the price of
alcohol through such measures as taxation [9]. Alcohol
taxation also provides additional benefit of raising taxation
income and, more importantly, raises the most taxation from
those that drink heavily and potentially impose costs on
others from their drinking (i.e. non-drinkers may be willing
to pay to reduce others’ alcohol consumption [10]).
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In order to evaluate the efficacy of taxation strategies, it is
critical to know how sensitive drinkers are to price changes—
their price elasticity. Moreover, given evidence that alcohol-
related harms are likely to be greater for those who, on
average, drink more alcohol than others [11], it is also
important to establish whether the response to price also
differs by average consumption level. If those who drink
higher quantities on average over time are price inelastic
relative to other drinkers, then increasing taxation high
enough to reduce drinking by those who drink large volumes
may unfairly penalise responsible drinkers. But if sensitivity
to price is comparable across drinkers of different consump-
tion levels, then price is an equitable lever to use, and the only
decision is how to optimise collecting revenue to offset costs
associated with alcohol consumption’s related harm.

To date, Australian research has been limited by the
absence of price elasticity estimates by drinker type [4, 6, 12].
A recent meta-analysis of the international literature found that
only 10 of 91 international studies of the price elasticity of
alcohol examined the effects of alcohol price or taxes on heavy
drinking [13]. These 10 studies show that drinkers who con-
sume relatively large amounts of alcohol per drinking occa-
sion are price sensitive. Nevertheless, a recent analysis showed
that this price sensitivity may occur from high-intensity per
occasion drinkers, at least in Australia, reducing the number of
occasions on which they drink a small amount, in order to
preserve their occasions of high intensity drinking [14].

In the United States, the price elasticity of drinkers at
different average consumption levels, rather than level of
consumption per drinking occasion has been previously
estimated [15]. This research showed that those whose
usual consumption is relatively high were less price sen-
sitive than others. Whereas, in the United Kingdom, the
price elasticity for two categories of drinkers based on
mean consumption per week has been more recently
undertaken [16]. In contradiction to the US study, the UK
results indicate that moderate drinkers (defined as adult
drinkers with a mean consumption per week of 21/14 or
fewer units of alcohol for men/women) were less price
sensitive compared to hazardous and harmful drinkers
(adult drinkers with mean weekly consumption greater than
21/14 units of alcohol for men/women).

The aim of this study was to estimate price elasticities for
Australian drinkers and determine whether or not those who
consume more on average have a differential price response.

Method
Demand model

The previous United Kingdom study [16] that explored
differential demand by level of drinking employed a
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system of equations approach to explore household
expenditure data. On the other hand, the US study [15]
adopted a double-hurdle model to explore survey data on
alcohol consumption. The current study relies upon survey
data of alcohol consumption collected from national sur-
veys as opposed to household expenditure data. Conse-
quently a double-hurdle model has been chosen for this
analysis.

The double-hurdle model [17] has been extensively
applied in a variety of demand functions for specific food
goods [18-23], loan defaults [24], and contingent valuation
of environmental conservation [25]. It has also been suc-
cessfully employed in modelling alcohol demand [26-29].

A persistent problem associated with the analysis of
alcohol demand based on self-reported consumption data
is that many participants report a zero level of con-
sumption [15, 30, 31]. This could be because those
respondents do not positively value alcohol or because
other goods have higher priority in terms of marginal
value. However, failing to explicitly recognise this trun-
cated distribution of consumption will result in biased and
inconsistent estimates. Several empirical studies have
highlighted the inadequacy of the standard Tobit model in
cross-sectional analysis of alcohol and tobacco con-
sumption, and emphasised the importance of a bivariate
generalization of that model, on the basis that the par-
ticipation and consumption decisions stem from two
separate choices [26-28, 32-35].

The double-hurdle model is a parametric generalization
of the Tobit model [28] in which the decision to participate
in the market (drink alcohol) and the level of participation
(amount of alcohol consumed) represent two separate sto-
chastic processes.

The double-hurdle model has a participation (D)
equation:
Di=1 if Dix >0;

and O if Dix =0

Dix = o/ Zi + ui

D* is a latent participation variable which if greater than
zero means that the respondent consumes alcohol (D = 1),
Z is a vector of characteristics; such as age, education and
income, and o is a vector of parameters with u as an error
term.

It also has a level of consumption (Y) equation condi-
tional on participation:

Yi=Yix ifYi*x >0 and Dix >0
Yi =0 otherwise
Yix = f'Xi + vi,

where Y ; is the reported answer to the question “how many
standard drinks of alcohol, on average, do you consume on
an occasion?”, multiplied by the number of times the
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respondent reports drinking alcohol in a year; X; is a vector
of the individual’s characteristics and f is a vector of
parameters with v as an error term.

The decisions about whether to participate in the market
(D) and the level of consumption (Y) can be: independently
modelled if they are made separately; jointly modelled if
they are made simultaneously by the individual; or
sequentially modelled if one decision is made first and
affects the other one.

In this study, the decision to drink and then the decision
of what quantity to drink are considered to be sequential
and independent. That is, dominance is assumed (i.e., the
Zeros represent non-participation, not corner solutions,
where individuals do not drink regardless of price and
income). Consequently, the double-hurdle model decom-
poses into a two-part model consisting of a probit model
for participation and truncated ordinary least squares
(OLS) model for the non-zero consumption respondents. A
log—log specification has been selected a priori for the
truncated OLS regression for consumption. In addition, the
level of alcohol consumption is likely to be skewed [36].
However, the log—log OLS model provides an appropriate
transformation of the dependent variable as well as pro-
viding results in the form of elasticities.

If dominance does not apply, the truncated OLS
regression (quantity of alcohol consumed) still provides
unbiased estimates for the coefficients, although they do
not incorporate information regarding the decision to
participate.

Price elasticity by quantile of consumption

To estimate whether those who drink more per year
respond differently to price increases, the conditional
elasticities for g quantiles were estimated (¢ = 0.05, 0.1,
0.15, 0.20,... 0.90, 0.95, where ¢ refers to the quantiles of
consumption). Quantile regressions can be estimated using
a linear programming approach [37, 38]. Alternatively,
quantile regression can also be accomplished by iterative
weighted least squares, for the equation y;* [15]. The
model is estimated here using iterative weighted least
squares. In this model, the gth quantile of drinking depends
on two factors: the characteristics, x, of the individual, and
the quantile of the individual, conditional on x. To deter-
mine whether the price elasticity varies significantly with
consumption, the focus of this analysis is the demand
response conditional on x characteristics of the individual.

Data sources
The National Drug Strategy Household Survey (NDSHS)

collects information from Australian individuals on alcohol
and other drug awareness, attitudes and behaviour and

various social and socio-economic characteristics. In the
present analysis, data from three surveys, 2001, 2004 and
2007 were used, which involves 79,545 individuals. These
are national surveys of the Australian population aged 14
and over. The NDSHS is a self-completion questionnaire
that used a drop-and-collect method. The response rates
were 50.0, 45.6 and 49.3 % for the 2001, 2004 and 2007
surveys, respectively. The 2004 wave included a booster
sample of participants who were Aboriginal and Torres
Strait Islander.

The consumption of alcohol was measured in standard
drinks of alcohol per annum (one standard drink equals
10 g of alcohol). Participants were asked how frequently
they consumed alcohol in the past 12 months (every day;
5-6 days a week; 3—4 days a week; 1-2 days a week;
2-3 days a month; about 1 day a month; less often; and no
longer drink) and on a day that they drink alcohol how
many standard drinks do they usually have. The level of
alcohol consumption was calculated by multiplying the
average number of standard drinks per occasion by the
number of drinking occasions per year [39]. However, the
survey question with regards to the average number of
standard drinks per occasion was delineated by intervals
with the highest interval being open, i.e. greater than 12. As
such, the mean for each interval, including the highest
interval, was predicted using the normal distribution of
responses for that year. This was performed for the closed
intervals so that an estimate that was more reflective of the
distribution of consumption was incorporated into the
model, rather than the mid-point of the pre-specified range.

Real price indices were attained from national sales data
[40]. These data provide total quantity and value of alcohol
sold within Australia for 2001, 2004 and 2007. Unlike unit
values of price derived from household expenditure sur-
veys, price represents the average menu price of alcohol
and is assumed exogenous to the demand of any given
individual. The alcohol price was adjusted by the state
consumer price index (CPI) for alcohol, relative to the
national CPI for alcohol [41], to derive a state-specific
price for alcohol. The natural log of each state price of
alcohol was then estimated and applied to each respondent,
depending on their state of residence. Demographic data
was also provided within the NDSHS and controlled for
within the model including indigenous status to control for
the booster sample collected in 2004.

Results

Demographic characteristics of the NDSHS respondents
are provided in Table 1. In total, there were 79,545
respondents across the three survey waves, with 44 %
males and a mean age of 45.
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Table 1 Demographic

Characteristics Year Total
characteristic of the NDSHS
respondents 2001 2004 2007
Mean Mean Mean Mean
n 26,744 29,445 23,356 79,545
Number of occasions drank alcohol® 118.169 123.488 124.545 121.985
Number of standard drinks of alcohol 3.238 3.244 3.245 3.242
consumed per occasion
Personal income $27,904 $31,080 $37,461 $31,747
Males 44.39 % 43.61 % 43.80 % 43.93 %
Age (mean) 44 44 47 45
Reside in a state capital city 66.89 % 62.51 % 62.52 % 63.99 %
Married or de facto 58.36 % 55.09 % 58.48 % 57.17 %
Aboriginal or Torres Strait Islander 1.56 % 11.63 % 1.65 % 5.36 %
Any dependent children 41.27 % 44.36 % 36.78 % 41.13 %
English primary language at home 94.81 % 93.81 % 94.22 % 94.27 %
Unemployed 3.19 % 2.29 % 2.07 % 253 %
Completed grade 12 schooling 46.08 % 44.33 % 48.60 % 46.14 %
Any education after high school 51.48 % 51.39 % 54.22 % 52.15 %

? Qver the last 12 months

Table 2 Double-hurdle model price elasticity results

Dependant variables Coef. SE P value
Annual consumption of alcohol® —0.962 0.312 0.002
Current drinker” —0.311 0.259 0.231

* Measured in standard drinks

® Probit model of participation

Table 2 contains the estimates from the probit regres-
sion for “being a current drinker” and the conditional
(OLS) regression for “how much drinkers consume.” A
table of full results is presented in the Electronic Supple-
mentary Material. The results from the two-part model
indicate that an increase in the price of alcohol has a sig-
nificant and negative effect on the average level of annual
alcohol consumption: the conditional estimated price
elasticity is —0.96 (p = 0.002). However, price is not
statistically significant with regards to the probability of
being a current drinker at the 5 % level.

Table 3 presents the conditional elasticity coefficients
for changes in price across all quantiles estimated. For ease
of interpretation, these findings are also presented graphi-
cally in Fig. 1. It was found that the measured response to a
1 % increase in price for drinkers was not significant in the
bottom 10 % of total alcohol consumption. This indicates
that price may not be a significant determinant of the
quantity consumed for the bottom 10 % of drinkers.
However, all other price elasticity estimates were negative
and statistically significant. For those in the heaviest
drinking decile (by average annual consumption levels), for
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Table 3 Price elasticity estimates across quantiles of log average
alcohol consumption

Quantile Conditional price elasticity
Coef. [95 % CI] P value
Lower Upper

q5 0.0967 —0.2807 0.4741 0.616
ql0 —0.4334 —1.0078 0.1410 0.139
ql5 —0.5686 —1.1084 —0.0288 0.039
q20 —0.6851 —1.1962 —0.1740 0.009
q25 —1.1939 —1.8320 —0.5559 0.000
q30 —1.0919 —1.7051 —0.4787 0.000
q35 —0.9695 —1.5189 —0.4200 0.001
q40 —0.8329 —1.3202 —0.3456 0.001
q45 —1.0239 —1.4912 —0.5565 0.000
q50 —1.2229 —1.8291 —0.6167 0.000
q55 —1.2981 —1.9713 —0.6250 0.000
q60 —1.0590 —1.5171 —0.6009 0.000
q65 —0.9013 —1.3627 —0.4398 0.001
q70 —0.9318 —1.3969 —0.4666 0.000
q75 —1.1062 —1.5785 —0.6340 0.002
q80 —1.0622 —1.4349 —0.6895 0.001
q85 —1.1978 —1.5956 —0.8001 0.000
q90 —1.2615 —1.7009 —0.8222 0.003
q95 —0.9831 —1.2620 —0.7043 0.002

example, a 1 % increase in the price of alcohol is associ-
ated with a statistically significant 1.26 % reduction in
their consumption (p = 0.003).
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Fig. 1 Price elasticity estimates across quantiles of alcohol

consumption

Figure 1 also highlights the extent to which consump-
tion reduces as price increases varies across consumption
quantiles (delineated as the peaks and troughs in the price
elasticity line) which suggests the general trend (delineated
by the log trend line) is mediated by other variables.

Discussion

The aim of this study was to estimate price elasticities for
Australian drinkers and determine whether or not those
who consume more on average have a differential price
response. Three key findings have been identified from this
research. First, the probability of being a drinker, although
negatively associated with price, was not statistically sig-
nificant. Second, alcohol consumption in Australia is sen-
sitive to price on average: a 1 % increase in the price of
alcohol is associated with a statistically significant 0.96 %
reduction in alcohol consumption. Third, other than the
lowest 10 % of drinkers, drinkers at all other consumption
levels in Australia are price sensitive, although the impact
of price at different consumption levels appears mediated
by other unobserved factors. These results provide a sig-
nificant contribution to the understanding of the determi-
nants of alcohol demand in Australia because they are the
first to consider the price elasticity of average annual
consumption rather than high or low intensity single
occasion risky drinking.

The first finding is supportive of earlier Australian
studies where the probability of deciding to drink alcohol
was negatively associated with price, although previous
studies found a statistically significant result [31, 42]. The
most likely reason for this difference is that this study used
a different source of data to estimate alcohol price. Spe-
cifically, this research relied upon market research of sales
volume by quantity and value as opposed to the Australian

consumer price index of alcohol used in previous research,
which only samples the price of specific alcohol products.
Both studies, however, suffer from limited variation in the
nominated price variable. Whilst it is difficult to assess
whether or not this study has an improved specification of
alcohol price by using state as opposed to national price
indexes, the lack of nationally collected alcohol price and
sales data has been previously raised as a barrier to
research in this field in Australia [43].

The second finding of a 0.96 % reduction in alcohol
consumption in response to a 1 % increase in the price of
alcohol is higher than that reported in a meta-analysis of
international studies [13], where price elasticities were
estimated to be —0.46 for beer, —0.69 for wine and —0.80
for spirits. Although six Australian studies were included
within the meta-analysis, the mean estimate was based on
91 estimates sourced internationally (from publications
written in English) and across a wide time period. From an
aggregation of the Australian studies included in the meta-
analysis, the estimated alcohol beverage price elasticities
were —0.33, —0.39 and —1.30 for beer, wine and spirits,
respectively [44]. The estimated elasticity from this study
falls within these estimates.

The third finding from this study is in line with the study
conducted in the United Kingdom [16] but fails to replicate
the US [15] study that used a similar methodology. The US
study showed less price sensitivity for those who consume
at higher quantiles. Potential reasons for the difference in
estimates include the different populations that were used
(Australia compared with United States), variations in
country-specific alcohol policies (e.g. minimum age
restrictions, trading and supply of alcohol restrictions etc.)
and that this study took into account data from three time
periods as opposed to a single, cross-sectional time point.
In addition, this study finds that the bottom 10 % of con-
sumers by level of average consumption may not be price
sensitive. This result may be due to the small proportion of
total expenditure that alcohol purchasing represents for
these individuals.

Prior to examining the policy implications of these
results, a number of limitations should be taken into con-
sideration. First, measures of alcohol consumption obtained
from surveys have often been criticised on the grounds of
reliability [45]. In many instances, grossing up estimates of
consumption from surveys seriously underestimates the
total apparent alcohol consumption. Several reasons have
been put forward to explain this discrepancy. One of the
more serious problems arises when respondents under-
report their consumption, particularly if such under
reporting varies with the degree of consumption. Heavy
drinkers, for example, may under-report their consumption
levels, relative to those who drink at lower levels. In
addition, people may fail to recall accurately the frequency
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or quantity of their drinking, especially if the task of
quantifying how often and how much per occasion was
drunk over a 12-month period is too abstract for respon-
dents to meaningfully answer. Another likely source of
under-reporting is that heavy drinkers may be under-rep-
resented in the sample: household surveys are limited to
private households, excluding the homeless and those in
institutions who may typically have high levels of drinking.
Similarly, there may be a differential response rate, with
heavy drinkers being possibly harder to contact or more
likely to refuse interviews. Consequently, any projections
from such samples to the whole population need to be
considered with care, especially when drawing conclusions
about factors that impact on the consumption of the highest
quantile of drinkers, whose drinking patterns may not be
accurately captured by survey data.

Second, the price variable used in the above analysis
relies primarily on national expenditure on alcohol divided
by the total quantity of alcohol purchased in Australia. That
is, a single price of alcohol as opposed to the full menu of
prices faced by individuals at the point of purchase. The
prices faced by individuals contain a large degree of vari-
ation based on branding or quality, as well as temporary
discounting such as in store specials or sales. Moreover,
individuals may in the first instance substitute for cheaper
alcohol products if available, thereby reducing the impact
of taxation on overall consumption levels and potential
health benefits. Assessing individuals’ responses to chan-
ges in the actual range of prices faced by each of the
respondents would more accurately measure the sensitivity
of their consumption to price. It is important to note that
Australian legislation enforces retail prices at point of
purchase to be presented inclusive of all taxes. Where this
practice is not legislated (for example some states in the
US) the effect of taxation changes may not necessarily be
salient, which in turn may distort consumer changes in
consumption relative to changes in taxation.

Whilst other analyses using the same data set have
examined the substitutability of alcohol and cannabis [42]
this was considered outside the scope of this study. How-
ever, further consideration of the substitutability between
alcohol and other harmful substances may be warranted
with respect to the higher levels of price sensitivity
amongst those who, on average, drink relatively more.

The results from this study have direct policy implica-
tions. First, they provide further evidence that increasing
the price of alcohol is most likely to result in reduced
average consumption of alcohol across a whole defined
population, including those whose average alcohol con-
sumption is relatively high. Second, the peaks and troughs
in Fig. 1 suggest complementary policies that aim to
reduce access to, or advertising of, alcohol may be required
to target those who are not as responsive to changes in
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price, irrespective of their average level of alcohol con-
sumption. Given those who are not price elastic are spread
across all levels of consumption, it seems equitable that
such polices are applied to all drinkers.

Conflict of interest None.
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