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Abstract
Most of the previous research examined the demand for alcohol consumed at the off-trade
(consumed at home). However, some consumers might prefer to consume alcohol on-
trade (away from home) or switch between on-trade and off-trade consumption as a reac-
tion to price or income change. We estimate the Quadratic Almost Ideal Demand System
consisting of three broad alcohol categories, consumed on-trade and off-trade, to derive
own-price, cross-price, and income elasticities. Selectivity due to the high censoring is
treated, and special attention is paid to quality-adjusted price. Beer consumption is the
most responsive to income as well as own price changes, while spirits are the least respon-
sive. The own-price elasticity of wine is –0.66 and –1.00 at on-trade and off-trade, respec-
tively. Beer is more price responsive, spirits are less price responsive, and consumption
reacts weaker in the off-trade market. Own-price elasticities of demand range between
–1.20 and –0.41 at the off-trade and between –1.51 and –0.63 at the on-trade alcohol mar-
ket. Increasing the price of wine in one market decreases wine consumption in another
one. Between the two markets, wine and spirits are complementary, and wine and beer
are substitutes in both markets.
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I. Introduction

Alcohol and its consumption have a long-lived special position in the market.
Therefore, research on the behavior of alcohol consumers and optimal taxation is
huge. The majority of this research divides alcohol into three broad groups: beer,
wine, and spirits. Literature provides a wide range of demand elasticity estimates.
Although the estimates vary according to time and estimation method, or even by
price segment, wine variety or color (Cuellar and Huffman, 2008), the own-price elas-
ticities of alcoholic beverages are usually negative (Cook and Moore, 2000). Many
authors have also recognized beer as the most inelastic among all types of alcohol,
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whereas wine and spirits are considered more similar (Gallet, 2007). Nevertheless,
consumption trends are changing, drinking preferences are not stable over time,
and the own-price elasticity of beer is increasing (Boško, 2020). The elasticity of
income was found to be higher in the case of wine and spirits, with beer being the
most income inelastic beverage (Gallet, 2007).

However, alcoholic beverages can be further divided into off-trade (alcohol con-
sumed at home) and on-trade (alcohol consumed away from home). Consumption
at home might be sometimes associated with alcoholism, whereas consumption
away from home is often linked to recreation and specific events (Vinopal, 2008).
At restaurants, pubs, and bars, the consumer usually pays not only for the beverage
itself but also for the experience.

For this reason, reactions to price changes at these two markets might be different,
and prices at one market might affect consumption at the other (Collis, Grayson, and
Johal, 2010; Grosová et al., 2017). Even though the knowledge in this field is con-
stantly evolving, most of the prior research considered alcoholic beverages consumed
at on-trade and off-trade as one good or investigated off-trade alcohol in isolation,
without allowing for the possibility of substituting for alcohol consumed away
from home. Some studies considering only off-trade beverages found income elastic-
ities to be negative, implying that with an increase in income, consumers might likely
switch from off-trade to on-trade consumption (Heien and Pompelli, 1989).

In this study,we investigatewhether these twomarkets are different in theway inwhich
consumers react to changes in income and price, considering both their own prices and
the prices of other alcoholic beverages. Furthermore, we examine the relationship between
alcoholic beverages consumed at these twomarkets; that is, whether consumers are more
likely to switch between different beverages but continue to consume them either at home
or away from home, or whether instead of changing to consumption of another type of
beverage, they shift their consumption between on-trade and off-trade. We analyze the
alcohol consumption patterns of the two very different markets. In the case of the
Czech Republic, which is typically a beer-drinking country, wine expenditure shares are
increasing mainly at the expense of alcoholic spirits (Mitchell, 2016).

II. Methods and data

Data used for this study came from the Czech Household Budget Survey (HBS),
which is regularly conducted by the Czech Statistical Office. Within this survey, a
household records detailed information about its expenditures and, for some con-
sumption categories, also quantities consumed throughout the whole year. For the
purpose of our analysis, we used household-level data for the period 2011–2016,
with 15,878 observations.1 All variables expressed in Czech crowns are recalculated
at the 2016 price level using CPI. What allows us to analyze on-trade and off-trade
substitution is the segmentation of alcoholic beverages among those consumed at
home and those consumed at restaurants, bars, or similar places. On-trade and off-
trade expenditures are further divided into beer, wine, and spirits.

1The number of observations in our final sample is 2,863, 2,865, 2,868, 2,848, 2,879, and 1,555, for the
years 2011 to 2016.
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On average, in the period between 2011 and 2016, Czech households spent 6,153
CZK per year on alcoholic beverages, with 3,300 CZK, 1,730 CZK, and 1,123 CZK on
beer, wine, and spirits, respectively (see Table 1). With an average annual household
income of 344,000 CZK, expenditures on alcohol represented on average 2.05% of
total household expenditures, with 0.54% away from home and 1.51% at home.
Still, there was a significant number of households that did not consume alcohol at
all. Considering all alcoholic beverages, there were about 3% of such households.2

Apart from expenditures, Czech HBS also holds information on the quantity con-
sumed (for the three alcohol groups, in liters). Information on expenditures and
quantities allows us to calculate household-specific unit prices, which are calculated
as a ratio of expenditures and quantities consumed.3 However, these unit prices hold
information not only about spatial and time-specific variations but also about house-
holds’ quality preferences (Cox and Wohlgenant, 1986). For this reason, we first
adjust unit prices for quality, following a method used by Gao, Wailes, and
Cramer (1995) and by Angulo, Gil, and Gracia (2001) for alcohol prices in Spain.

The hedonic price function used for estimating the quality effects is defined as

ln UPi = ai + Xigi + ei, (1)

where UPi is the per liter unit price, αi is the intercept, vector Xi represents household
characteristics that reflect the household’s quality preferences, and the last (stochastic)
term ei is residual. Quality-adjusted price of ith good for each household is then
defined as

ln pi = ln UPi − Xiĝi. (2)

Another issue that arises in the analysis is the absence of unit price data for the
households that did not consume a commodity in the given period.4 For this reason,
we first run a regression of unit prices on regional, time, and socio-demographic
variables, and any available information on unit prices of other alcoholic beverages
consumed by a given household (Heien and Pompelli, 1989; Cox and Wohlgenant,
1986). These regressions are then used to predict missing prices for the non-
consuming households.

Apart from missing price information, the non-consuming households cause a
selectivity problem, which might cause final elasticities to be biased (Tobin, 1958).
Following a censoring treatment method proposed by Heien and Wessells (1990),

2Looking closely at individual alcohol items, 31%, 56%, and 73% of households did not consume
on-trade beer, wine, and spirits, respectively. At the off-trade, there were 13%, 15%, and 22% of households
that did not consume beer, wine, and spirits at home.

3The average unit price of alcohol purchased by households is 27 CZK, 104 CZK, and 265 CZK per liter
of beer, wine, and spirits, respectively, consumed at home, and 57 CZK, 184 CZK, and 532 CZK per liter of
beer, wine, and spirits, consumed away from home. These prices are comparable to those reported by
Mitchell (2016), which are $1.57, $3.99, and $20.33 for beer, wine, and spirits, respectively, from 1998–
2002; the exchange rate was 24.43 CZK/$ in 2016.

4The exact share of non-consuming households is 13.03%, 14.90%, and 22.03% for off-trade and 30.69%,
55.51%, and 72.94% for on-trade beer, wine, and spirits, respectively.
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Table 1. Descriptive statistics

On-trade Off-trade

All beveragesBeer Wine Spirits Beer Wine Spirits

Yearly expenditures (CZK) 1,295 267 154 2,005 1,462 969 6153

Unit price (CZK) 57 184 532 27 104 265 —

Budget share (%) 15.21 4.12 1.92 31.73 27.72 19.30 100.00

Non-drinking households (%) 30.69 55.51 72.94 13.03 14.90 22.03 3.03

Notes: The number of observations is 15,878. Expenditures and prices are adjusted for the 2016 price level (with 24.43 CZK per US$); unit prices and the budget shares are reported for alcohol
drinking households, the rest is for all households.
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we deal with the issue by including the Inverse Mills Ratio in the final demand system
as an instrumental variable.

In the last step of our analysis, we estimate the Quadratic Almost Ideal Demand
System (QUAIDS). The quadratic specification was chosen based on the recommen-
dation by Banks, Blundell, and Lewbel (1997), suggesting that the Engel curves of
alcohol follow a quadratic rather than a linear shape. This is also supported by a
Wald test, which rejects the Engel curves for alcohol as linear, indicating their
quadratic form for our data.

QUAIDS demand functions in budget share form are specified as

wi = ai +
∑n
j=1

gij ln pj + bi ln
m
a(p)

[ ]
+ li

b(p)
ln

m
a(p)

[ ]{ }2

, (3)

where

ln a(p) = a0 +
∑
i

ai ln pi + 1
2

∑
j

∑
i

gij ln pi ln pj, (4)

b(p) =
∏n
i=1

pbi
i , (5)

in which wi is the budget share of the ith commodity, pj is the price of the jth com-
modity, and m is the total expenditure on the commodities in the system. In our
model specification, pj is the quality-adjusted price of the jth alcohol product, as in
Equation (2).

To satisfy additivity, homogeneity, and symmetry conditions, QUAIDS demand
functions in budget share require the following restrictions.

∑
i

ai = 1,
∑
i

gij = 0,
∑
i

bi = 0,
∑
j

li = 0,
∑
j

gij = 0 (6)

gij = g ji (7)

Several authors suggest that elasticities differ across different socio-demographic
groups (Gallet, 2007). For this reason, we also incorporate socio-demographic char-
acteristics into the final model, following the modification of intercept in the linear
function of socio-demographic variables as proposed by Heien and Pompelli (1989).

The system of equations was estimated by MLE in STATA. Final elasticities are
estimated using the delta-method, at sample means, following the identities specified
in the original paper by Banks, Blundell, and Lewbel (1997). Both compensated
(Hicksian) as well as uncompensated (Marshallian) price elasticities are computed.
However, due to space, we report only uncompensated elasticities.
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III. Results

Estimated income elasticities were found to be positive for all three beverages, imply-
ing that alcohol is a normal good. At the off-trade, beer was found to be almost unit
elastic, with an income elasticity of 0.97, followed by wine and spirits, with income
elasticities of 0.85 and 0.70, respectively. See Table 2.

Income elasticities of alcoholic beverages consumed away from home were found
to be higher than in the case of alcohol consumed at home. Income elasticity is the
highest for beer (1.65), followed by wine (1.20) and spirits (1.05). These numbers
indicate that when it comes to the consumption of alcohol in restaurants, bars,
and other similar places, Czech consumers are highly responsive to income changes.
The result that on-trade alcohol is a luxury is not surprising since the consumer pays
not only for the alcohol itself but also for the experience, atmosphere, and employees
responsible for the guests’ well-being.

As shown in Table 2, at the off-trade, own-price elasticity was found to be the low-
est for beer (–1.20), followed by wine (–1.00) and spirits (–0.41). For alcohol con-
sumed in restaurants, pubs, and bars, beer seems to be the most own-price elastic
(–1.51). However, the own-price elasticities of wine (–0.66) and spirits (–0.63) are
more similar. These estimates suggest that beer and spirits are more own-price elastic
in the on-trade market than in the off-trade market, whereas the opposite seems to be
valid for wine.

Looking at the cross-price elasticities of beverages consumed at home, wine seems
to be a substitute for beer and vice versa. On the other hand, off-trade beer and wine
were found to be complementary to off-trade spirits. Interestingly, wine and spirits
consumed away from home were found to be weak complements. Therefore, an
increase in the price of on-trade wine results in a decrease in its own consumption
as well as a slight decrease in the consumption of on-trade spirits, and an increase
in the price of on-trade spirits results in a decrease in the consumption of wine con-
sumed away from home.

Our system allows us to examine the cross-price elasticities of the same alcoholic
beverages consumed in different environments—that is, at home and away from
home—the on-trade beverage always seems to complement its off-trade equivalent
and vice versa. This elasticity for wine consumed away from home with respect to
the price of wine consumed at home is –0.26, and this response is even stronger
for spirits consumed at the on-trade, with the “cross-price” elasticity at –0.47.
Although the only beverage that does not appear to follow this pattern is beer,
where on-trade and off-trade beer are substitutes with cross-price elasticities of
+0.16 and +0.18. These results are in line with previous findings (Collis, Grayson,
and Johal, 2010; Grosová et al., 2017).

Regarding the remaining cross-price elasticities—between on-trade and
off-trade—off-trade beer seems to be a substitute for all on-trade beverages and vice
versa. Both wine and spirits consumed away from home were found to be complements
to off-trade wine and spirits, and off-trade wine and spirits appear to be complements to
wine and spirits consumedaway fromhome.Moreover, results suggest thatwith an increase
in the price of on-trade beer, apart from switching to off-trade beer, consumers also slightly
switch to at-home consumption of wine. Lastly, beer consumed away from home and off-
trade spirits were found to be complementary.
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Table 2. Price (uncompensated) and income elasticities

Beverage j

Off-trade On-trade

Income
elasticityBeverage i Beer Wine Spirits Beer Wine Spirits

Off-trade Beer –1.20***
(0.022)

0.06***
(0.014)

–0.08***
(0.015)

0.18***
(0.016)

0.05***
(0.008)

0.02***
(0.005)

0.97***
(0.008)

Wine 0.11***
(0.016)

–1.00***
(0.018)

–0.06***
(0.014)

0.14***
(0.015)

–0.03***
(0.007)

–0.02***
(0.005)

0.85***
(0.009)

Spirits –0.05
(0.025)

–0.04
(0.02)

–0.41***
(0.031)

–0.10***
(0.025)

–0.06***
(0.013)

–0.05***
(0.009)

0.70***
(0.011)

On-trade Beer 0.16***
(0.034)

0.03
(0.027)

–0.32***
(0.032)

–1.51***
(0.047)

–0.05
(0.021)

0.03
(0.013)

1.65***
(0.015)

Wine 0.30***
(0.061)

–0.26***
(0.048)

–0.35***
(0.064)

–0.11
(0.078)

–0.66***
(0.074)

–0.11**
(0.034)

1.20***
(0.022)

Spirits 0.32***
(0.082)

–0.25***
(0.065)

–0.47***
(0.088)

0.22
(0.103)

–0.24**
(0.073)

–0.63***
(0.066)

1.05***
(0.031)

Notes: Standard errors in parentheses, * p < 0.05, ** p < 0.01, *** p < 0.001. Cross-price elasticities of beverage i wrt price of beverage j. Own-prices elasticities are bolded. On-trade beer is the
redundant equation in QUAIDS.
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IV. Conclusion

Despite a huge empirical literature on alcohol demand, the literature aimed at the
behavior of alcohol consumers at both off-trade and on-trade markets is scarce,
with few estimates of cross-price between-market elasticities. Our study is contribut-
ing to this stream of literature by analyzing the demand of Czech consumers for three
broad categories of alcohol at both markets. Although the Czech market is relatively
small in absolute terms, the Czech Republic ranks among the countries with the high-
est alcohol consumption per capita in the world (World Health Organization, 2018).

We estimated a coherent demand system, QUAIDS, treating the selectivity due to
the high censoring that is particularly important for wine and spirits consumed away
from home, paying special attention to the quality-adjusted unit price of alcohol. We
find income elasticities range between 0.70 and 0.97 for off-trade alcohol and between
1.05 and 1.65 for the on-trade market, with beer being the most income elastic, fol-
lowed by wine and spirits, respectively. These results imply that alcohol consumed at
home is a necessity, whereas consumption of alcoholic beverages in restaurants, pubs,
or bars is categorized as a luxury good. These estimates are generally in line with
other studies, as reviewed, for instance, by Nelson (2013). However, we are less
optimistic about concluding that alcohol consumption patterns might be (globally)
converging (Holmes and Anderson, 2017) since the behavior of alcohol drinkers in
the two different markets is quite different.

Own price elasticities of demand reveal that the Czech consumer is the most
responsive to changes in the price of beer and least sensitive to changes in the
price of spirits; however, at the on-trade, wine and spirits appear to be more similar.
Whereas the own-price elasticity of beer and spirits is higher for the on-trade market,
the opposite holds for wine, where households were found to be less responsive to
changes in the price of wine consumed at restaurants, bars, and pubs.

Regarding the cross-price elasticities of demand, off-trade beer was found to be a
substitute for all beverages consumed at home or away from home, and vice versa,
except off-trade spirits. Wine and spirits consumed either at home or away from
home were found to be mutual complements. Mitchell (2016) found that wine
might be a more suitable substitute for beer in Eastern European countries, including
the Czech Republic, whereas the reverse might be true for spirits—a relationship we
can also confirm by our estimates. Although we do support Mitchell’s conclusion
about wine-beer substitutability as well, this holds only for the consumption at the
off-trade (with respect to price changes at both markets), whereas the opposite is
true for the consumption at the on-trade market.

Not surprisingly, the most significant relationship was found between on-trade
and off-trade beer. This result might be specific to the Czech Republic since beer con-
sumption has its own unique tradition.
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