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Abstract The objective of this paper is to analyze inter-

dependencies between cigarette and alcohol consumption

in rural China, using panel data for 10 years (1994–2003)

for rural areas of 26 Chinese provinces. There have been

many studies in which cigarette and alcohol consumption

have been considered separately but few to date for China

on interactions between the consumption of these two

products. Taxes are often recommended as a tool to reduce

alcohol and cigarette consumption. If cigarettes and alco-

hol are complements, taxing one will reduce the con-

sumption of both and thus achieve a double public health

dividend. However, if they are substitutes, taxing one will

induce consumers to increase consumption of the other,

offsetting the public health benefits of the tax. Our results

indicate that the demands for both cigarettes and alcohol

are very sensitive to the price of alcohol, but not to the

price of cigarettes or to income. This suggests that taxes on

alcohol can have a double dividend. On the other hand, an

increase in cigarette taxes may not be effective in curbing

cigarette or alcohol consumption in rural China.

Keywords Interactions � Cigarette and alcohol

consumption � Habit persistence � Rural China �
Dynamic panel data

JEL Classification D12 � I18 � R22

Introduction

Cigarette and alcohol policies in China face a dilemma

[25]. A large number of studies have shown that cigarette

consumption and excessive alcohol consumption are very

harmful to health. Cigarettes account for more than 13% of

male deaths in China [32, 37]. Excessive alcohol con-

sumption has been linked to liver cancer, female chorio-

carcinoma mortality, increased admission rates to

psychiatric hospitals, and traffic accidents in China [15, 21,

22, 34]. Furthermore, addiction to cigarettes or alcohol can

crowd out other household expenditures, having a negative

impact on living standards, particularly for low-income

households [24]. Therefore, the Chinese government is

trying to adopt policies to reduce alcohol and tobacco

consumption, especially the consumption of cigarettes. As

shown in Table 1, as per capita income has increased in

rural China, the expenditure share of both cigarettes and

alcohol have decreased continuously from 1994 to 2003.

The expenditure share of cigarettes dropped from 2.51% in

1993 to 1.18% in 2003, with per capita consumption

decreasing from 24.6 packs to 21.6 packs although there

are some fluctuations during this period. The expenditure

share of alcohol decreased from 1.35% in 1994 to 0.97% in

2003; however, per capita consumption increased from 6.5

to 7.8 kg.

On the other hand, cigarettes and alcohol are important

industries in China. This is particularly true for some less

developed regions in China, such as Guizhou Province and

Yunnan Province, where cigarettes and alcohol are

important income sources for farmers and major revenue

sources for the government [23–25]. In 2004, China
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collected 210 billion Yuan of taxes from the cigarette

industry,1 which represents nearly 8% of the Chinese

government’s total annual revenue.

A number of studies on the demand in China for alcohol

[43, 47] and cigarettes [10, 26, 33] have been conducted.

However, with the exception of Fan et al. [17], little

attention has been paid to interdependencies between

alcohol and cigarette consumption in China. The objective

of this paper is to analyze the interactions between ciga-

rette and alcohol consumption in rural China, using panel

data covering 10 years (1994–2003) for rural areas of 26

Chinese provinces. In China, most people (59.6% of the

total population in 2003) still live in rural areas,2 although

urbanization is occurring rapidly.

The issue of interdependencies has important implica-

tions from both econometric and policy perspectives. From

an econometric perspective, most existing empirical stud-

ies of cigarette demand in China exclude the price of

alcohol, and vice versa. If there are interdependencies, the

results from these studies will be biased [16].

From a policy perspective, taxes are often recom-

mended as a tool to reduce alcohol and cigarette con-

sumption. Becker and Murphy [9], using a theory of

rational addiction, suggest that taxes may be a very useful

tool with which to reduce harmful addictions, and a

number of empirical studies have found that consumption

of alcohol and cigarettes is responsive to price [4–7, 10,

14, 35, 36]. If cigarettes and alcohol are complements,

taxing one will reduce the consumption of both and thus

achieve a double public health dividend. However, if they

are substitutes, taxing one will induce consumers to

increase consumption of the other, offsetting the public

health benefits of the tax.

Studies in countries other than China have yielded

conflicting results regarding the relationship between

cigarettes and alcohol. Using panel data for individual

states in the United States from 1959 to 1982, Goel and

Morey [19] found that cigarettes and liquor are substitutes

in consumption, while Jones [27], using aggregate quar-

terly expenditure data for the United Kingdom from 1964

to 1983, found that cigarettes are a complement to all

types of alcoholic beverages. Decker and Schwartz [16],

using individual-level data for the United States from

1985 to 1993, found an asymmetry in Marshallian cross-

price elasticities of demand: higher alcohol prices

decrease both alcohol consumption and smoking, while

higher cigarette prices tend to decrease smoking but
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increase drinking. Busch et al. [13] reached the same

conclusion using individual-level data for the United

States from 1995 to 2001.

Medical and psychological research indicates that co-

occurrence rates of alcohol and cigarette addiction are very

high [8], which may be partly a result of genetic factors

[39]. In a study of light smokers, King and Epstein [31]

found that alcohol dose-dependency increases the urge to

smoke.

To date, with some exceptions [19], studies of the

interactions between cigarette and alcohol consumption do

not consider the biological and psychological characteris-

tics of addiction, such as dependence, reinforcement and

tolerance, that imply that current consumption may be

affected by past consumption. This paper constructs a

dynamic model of consumption involving a theory of habit

persistence in order to account for these factors.

A habit persistence model

Studies of the demand for cigarettes or alcohol typically

begin with a Marshallian demand function that depends

on income, prices, and a vector of household character-

istics. Advertising is sometimes also included in the

demand function [7, 41], although we lack data on

advertising and thus cannot include it here. For an

addictive product such as alcohol or cigarettes, depen-

dence, reinforcement and tolerance are also important

factors. Dependence, also known as withdrawal effects,

means that consumption of a drug takes precedence over

consumption of other goods. Reinforcement means that

current consumption of a product increases future con-

sumption of that product, and tolerance means that there

is a progressively decreasing response to consumption of

a drug [29, 45].

Dependence, reinforcement and tolerance imply that

current consumption of cigarettes and alcohol may depend

on the past consumption path, suggesting a habit persis-

tence model of consumption. Following the habit persis-

tence model [12, 42], per capita consumption of cigarettes

or alcohol in province i of rural China at time t (Yit) is

assumed to be determined by past consumption:

ln Yit ¼
X1

k¼0

qkf Pit�k; PCIit�k;Zit�k

� �
; ð1Þ

where Pit–k is a vector of prices at time t–k, PCIit–k is per

capita income, Zit–k is a vector of household characteristics,

and qk is a parameter reflecting the impact of past

consumption on current consumption. Suppose qk is

geometrically declining, i.e., qk = (1 - k)kk, 0 \ k\ 1,

where k = 0, 1, 2, …. Then Eq. 1 can be rewritten as

ln Yit ¼ 1� kð Þ
X1

k¼0

kkf Pit�k; PCIit�k;Zit�k

� �
: ð2Þ

Taking a one-period lag of Eq. 2, multiplying that one-

period lag by k, and substituting the resulting expression

into the right-hand side of Eq. 2 yields

ln Yit ¼ k ln Yit�1 þ 1� kð Þf Pit; PCIit;Zit

� �
; ð3Þ

which is a dynamic model of consumption that can be

estimated.

Of the current studies on interdependencies between

alcohol and cigarette consumption, only Goel and Morey

[19] use a dynamic equation.3 Other studies do not employ

a dynamic model, which for some studies that used indi-

vidual-level survey data can be explained by the absence of

a panel component in those surveys. Since the present

study uses provincial-level panel data for 26 provinces, a

dynamic model is feasible.

In the Becker and Murphy [9] model of rational addic-

tion, current-period consumption depends not only on

lagged consumption but also on expected future con-

sumption because rational addicts consider how much they

are planning to consume in the future when making current

consumption decisions. In our case we have panel data for

10 years (1994–2003). One of those years is used up by the

lagged consumption term in Eq. 3 and another by the

generalized method of moments (GMM) estimation pro-

cedure we employ [2, 3, 11]. Adding a future consumption

variable would use up two additional years (one for the

variable itself and one for the GMM estimation procedure),

leaving our panel component rather short. We therefore do

not include future consumption in the demand equation to

be estimated.

Empirical model and data

The price vector Pit in the model to be estimated includes

prices of cigarettes, alcohol, grains, and meat. The price of

grains is included because grains are both an important

income source and an important food source in rural China.

The price of meat is included for similar reasons—the

expenditure share of meat has increased in recent years and

now is close to that of grains [49]. The vector of household

characteristics Zit in the empirical model includes average

household size, house area (in square meters) per capita,

average cropland area (in mu) per capita,4 and the fraction

3 There have been studies of cigarette consumption alone [5–7] and

studies of alcohol consumption alone [4] that have used dynamic

models.
4 A mu is a traditional Chinese measure of land area, with 15 mu
equal to 1 ha.
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of the adult population with more than a primary school

education.5 The empirical model also includes a time-trend

variable to capture other factors that may be affecting

cigarette and alcohol consumption over time.

The function f(Pit, PCIit,Zit) is assumed to be linear in

the logs of all its arguments:

f Pit; PCIit;Zit

� �
¼ a� þ

X
j
b�j ln Pjit þ g� ln PCIit

þ
X

k
c�k ln Zkit þ r�t; ð4Þ

where, a*, the b�j ; g*, the c�k ; and the r* are parameters.

Let a = (1 - k)a*, bj ¼ 1� kð Þb�j ; g = (1 - k)g*,

ck ¼ 1� kð Þc�k ; and r = (1 - k)r*. Substituting Eq. 4 into

Eq. 3, and appending a term to reflect unobserved hetero-

geneity among provinces (vi) as well as an error term (eit),

yields the model to be estimated:

ln Yit ¼ aþ k ln Yit�1 þ
X

j
bj ln Pjit þ g ln PCIit

þ
X

k
ck ln Zkit þ r1t þ mi þ eit: ð5Þ

The unobserved heterogeneity term is assumed to be

fixed over time.

Clearly, the error term eit is correlated with ln Yit?1, ln

Yit?2, etc. in Eq. 5. Therefore, a fixed-effects model, a

random-effects model, and the maximum likelihood esti-

mator usually applied to static panel data models are all

inconsistent [1, 2]. Taking the first difference of Eq. 5,

Anderson and Hsiao [1] suggest a consistent estimator for

this equation using D ln Yit�2 ð¼ ln Yit�2 � ln Yit�3Þ as an

instrumental variable for D ln Yit-1. However, Arellano

and Bond [2] and Judson and Owen [30] point out that the

Anderson–Hsiao estimator is inefficient because it does not

take into account all the available moment restrictions, and

the performance is very poor when the sample size is small.

Arellano and Bond [2] suggest a GMM estimator that is

more efficient because it uses additional instruments whose

validity is based on the orthogonality between lagged

values of Yit and the error term eit. This method is further

extended by Arellano and Bover [3] and developed fully by

Blundell and Bond [11]. Roodman [44] provides a peda-

gogic instruction to the practice of linear GMM with

STATA. GMM methods for dynamic panel data are used to

estimate the econometric model in the present study.

The panel dataset consists of data for 10 years (1994–

2003) for rural areas of 26 Chinese provinces, with data

being at the provincial level. Data are from the National

Statistics Bureau of China (NSBC). The dataset begins in

1994 in order to avoid prior years in which prices were

significantly distorted by government regulations. Even

though China began food policy reforms in the late 1970s,

price regulations were not abandoned until 1993 [38]. The

descriptive statistics of the data can be seen in Table 1.

Prices for 1994 are derived from Rural Household

Survey Statistics (RHSS), a NSBC publication, dividing

total expenditure in each group by the total quantity con-

sumed. Starting with the 1994 unit values, we use the

provincial consumer price indices (CPI) for cigarettes,

alcohol, grains, and meat for 1995–2003 to compute prices

for those years. CPIs are obtained from the China Statis-

tical Yearbook of Prices and Urban Household Survey

(various editions), published by NSBC (http://www.stats.

gov.cn/english/statisticaldata/yearlydata/). Data on the

consumption of alcohol (measured in kilograms per capita,

including spirits, beer and wine) and cigarettes (measured

as packages per capita), as well as the household charac-

teristic variables in Eq. 5, are from RHSS (various edi-

tions), which covers 27 provinces; Tibet is excluded from

our analyses because of missing data, leaving 26 provinces.

Nominal values are converted to real terms using the

provincial overall rural CPI, with all prices expressed in

1994 Yuan.

The optimal matrix of instruments in GMM estimation

depends on whether the explanatory variables are prede-

termined or strictly exogenous. We assume that prices and

per capita income are predetermined while the household

characteristic variables (as well as a time trend) are strictly

exogenous.

Results and discussion

Table 2 presents the estimation results for cigarette and

alcohol demand in rural China, using the fixed-effects

model and the first-difference model. The results show that

the first-difference model fits the data very poorly. The

coefficients of lagged consumption for both cigarettes and

alcohol are negative in the first-difference model, which

does not make sense. Though the fixed-effects model is not

consistent with a dynamic panel dataset, the results can be

used for comparison with GMM methods such as the

Arellano–Bond [2] and Arellano–Bover [3] methods.

Using GMM, Table 3 shows the estimation results for

cigarette and alcohol demand in rural China. We report the

estimation results for both the Arellano–Bond method and

the Arellano–Bover method. The Arellano–Bover method

proposes an orthogonal deviations transformation, sub-

tracting the mean of all available future observations,

rather than first-order differences (subtracting the previous

observation as in Arellano–Bond method). In this way the

lagged observations of a variable do not enter the formula

5 An anonymous referee suggested including a variable to reflect the

age structure in each province. However, data on age structure for

rural areas at the provincial level are available only once every

10 years from the Census. Including this variable from the Census

would not change the results because the first-order difference or

subtraction of the mean would fully remove the effects of this

variable.
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for the transformation; they remain orthogonal to the

transformed errors and are valid as instruments [3]. How-

ever, like differencing, taking orthogonal deviations still

removes fixed effects.

The tests for over-identifying restrictions reject the null

hypothesis of over-identifying restrictions for the one-step

method for both the alcohol and cigarette equations in both

the Arellano–Bond model and the Arellano–Bover model,

but not for the two-step method in the Arellano–Bover

model. This implies that there is an identification problem

for the one-step GMM methods.

The consistency of GMM estimators hinges heavily

upon the assumption that E½eiteit�2� ¼ 0 rather than

E½eiteit�1� ¼ 0 [2]. The Arellano–Bond test of the null

hypothesis of no second-order correlation cannot be

rejected for any of the GMM models, which indicates that

the estimators are consistent.

The over-identification tests cannot reject the null

hypothesis of over-identifying restrictions for the two-step

Arellano–Bover method; neither can the test of exogeneity

of instrumental variables. Furthermore, the estimation

results of the two-step Arellano–Bover method are con-

sistent with that of the fixed-effects model. Therefore, the

following discussion is based on these results. Arellano and

Bond [2] and Blundell and Bond [11] point out that though

the two step method is asymptotically more efficient, the

reported two-step standard errors tend to be severely

downward biased. Windmeijer [46] developed a finite-

sample correction to the two-step covariance matrix, which

makes the two-step method more efficient than the one-step

method. Table 3 reports both the uncorrected t ratios and

the corrected t ratios for the two-step Arellano–Bover

method. The discussion here is based on the corrected t

ratios.

Dependence, reinforcement and tolerance

The lagged terms for both cigarettes and alcohol are sta-

tistically significant and positive, implying that the effects

of dependence, reinforcement and tolerance are important

for both products. The coefficients for cigarettes and

alcohol are 0.426 and 0.146, respectively. This implies that

the consumption of cigarettes has stronger dependence,

reinforcement and tolerance effects than alcohol, and cur-

rent consumption of cigarettes has stronger impacts on

future consumption of cigarettes than on alcohol

consumption.

Prices

The most interesting result of this study is that the demands

for both alcohol and cigarettes are highly sensitive to the

price of alcohol. The estimated own-price elasticity of

demand for alcohol is about -1.53 in the short run, sub-

stantially higher than the estimate of -0.34 in Fan et al.

[17]. Our estimated short-run cross-price elasticity of the

demand for cigarettes with respect to the price of alcohol is

about -0.62, which indicates that cigarettes are a Mar-

shallian complement to alcohol. This is also substantially

larger in absolute value than the estimate of -0.19 in Fan

et al. [17]. Our estimated long-run cross-price elasticity is

approximately -1.08.

Our results imply that taxes on alcohol may be a very

effective tool for reducing consumption of both alcohol and

cigarettes. Similar results can be found in Decker and

Schwartz [16] and Busch et al. [13]. A possible explanation

based on the medical and psychological literature, as

mentioned above, is that alcohol dose-dependency increa-

ses the urge to smoke, at least among light smokers [31].6

Interestingly, our results fail to show a statistically sig-

nificant effect of the price of cigarettes on either cigarette

consumption or alcohol consumption. The point estimate of

the own-price elasticity of demand for cigarettes is positive

and very small (about 0.09 in the short run and 0.16 in the

long run). The policy implication is that an increase in

cigarette taxes may not be effective in curbing cigarette or

alcohol consumption in rural China, although it could be an

efficient way of raising government revenue. Similar

results concerning the impacts of prices of cigarettes and

alcohol can be found in the fixed-effects model.

The estimated short-run cross-price elasticity of demand

for alcohol with respect to the price of grains is about 0.64

and statistically significant. The estimated impact of grain

prices on cigarette consumption is also positive, but it is

not statistically significant. The results for alcohol con-

sumption may be explained by the income effect of an

increase in grain price: as grain prices increase, rural

incomes increase and hence the demand for alcohol

increases. The estimated short-run cross-price elasticities

of demand for cigarettes and alcohol with respect to the

price of meat are not statistically significant.

Income

The per capita income variable is not statistically signifi-

cant for either cigarettes or alcohol. The point estimates of

the income elasticities are 0.19 and 0.13, respectively. The

results imply that demands for alcohol and cigarettes are

not sensitive to income. This finding is consistent with

some studies on cigarette consumption [10, 48] which

argue that income may not play a significant role in the

consumption of addictive products due to dependence

effects.

6 To our knowledge, research similar to that of King and Epstein [31]

has not been done for heavy smokers.
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Household size, house area, and cropland area

The estimated impact of average household size on the

demand for cigarettes is negative and marginally signifi-

cant, while the estimated impact on the demand for alcohol

is not statistically significant. A possible explanation is that

an increase in household size raises the pressure on

smokers within the household to quit, because smoking

often crowds out expenditures for other goods [13].

Smoking can also have serious health effects on other

members of the household through second-hand smoke,

and the number exposed to second-hand smoke increases as

household size increases.

House area and cropland area per capita do not have a

statistically significant effect on the demand for alcohol.

House area also is not statistically significant for cigarette

consumption. Cropland area per capita has a negative and

statistically significant impact on cigarette consumption,

while the estimated impact on the demand for alcohol is

not statistically significant. Mullahy and Sindelar [40]

suggest that addictive goods, such as alcohol, are com-

plementary in consumption with leisure. As cropland area

per capita increases, there is more farm work to do; hence

leisure decreases and the demand for cigarettes decreases

in turn.7

Education

Another interesting result of this study is that education in

rural China increases cigarette and alcohol consumption.

The estimated impacts of an increase in the fraction of the

population with more than primary education on con-

sumption of these two goods are positive, and statistically

significant for alcohol consumption. In the short run, an

increase in this fraction by 1% increases alcohol con-

sumption by about 1.84%.

Wu [47] and Pan et al. [43] also find that education is

positively associated with consumption of alcoholic prod-

ucts in China, except for the demand for wine coolers [43].

Hu and Tsai [26] find that education is positively correlated

with consumption of cigarettes.

In rural China, higher education is often associated with

more social activities where cigarettes and alcohol are

available and consumption is encouraged. Peer pressure

[18] in these settings may induce more people to consume

cigarettes and alcohol, and those already consuming to

consume more. The policy implication for reducing the

consumption of alcohol and cigarettes is to promote alter-

native, healthier lifestyles and other types of social activ-

ities that do not involve cigarettes or alcohol.

Studies for other countries suggest more ambiguous

effects of education on cigarette and alcohol consumption.

For the United States, Grossman et al. [20] found that

education has a positive impact on alcohol consumption.

However, another United States study by Decker and

Schwartz [16], and a study in Russia by Baltagi and

Geishecker [4], suggested that the relationship between

education and alcohol consumption might have an inverted

U-shape: as education increases, alcohol consumption at

first increases, and then decreases, with the peak occurring

typically at a high school education level. Testing an

inverted U-shaped model for rural China is not really

feasible because the percentage of the population in rural

China with more than a high school education is still very

low, only 1.1% in 2005.8

Studies for the United Kingdom [28] and the United

States [16, 48] suggest that education is negatively asso-

ciated with the demand for cigarettes. A possible expla-

nation in these countries is that education may increase the

cognitive skill of an individual regarding the health risks of

smoking to both the individual and others in the household

through second-hand smoke.

Time trend variables

The time trend is statistically significant and negative for

both cigarettes and alcohol consumption in rural China.

The estimated values of the coefficients are such that, other

factors being equal, the demand for cigarettes and alcohol

per capita declined continuously during the period 1994–

2003.

Conclusions

Using aggregate data for 26 provinces from 1994 to 2003

to estimate a habit persistence model of the demand for

cigarettes and alcohol, this paper explored the interactions

between cigarette and alcohol consumption in rural China.

The main findings are that:

1. Dependence, reinforcement and tolerance effects are

statistically significant for both cigarette consumption

and alcohol consumption, with a stronger effect for

cigarettes than alcohol.

2. Demand for both cigarettes and alcohol is very

sensitive to the price of alcohol, but not to the price

of cigarettes or to income.

7 For this argument to be valid the market for hired farm labor must

be limited in some way, or hired labor must be an imperfect substitute

for farm household labor in production. Otherwise a farm household

with more cropland would simply hire more labor to work that land.

Because land in rural China is equally divided among peasants at the

village level, hired labor is very rare. 8 Source: Rural Household Survey Statistics 2006.
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3. The consumption of alcohol is positively associated

with education. In rural China, higher education is

often associated with more social activities where

alcohol is consumed.

Our results imply that taxes on alcohol could have a

double dividend—they may be a very effective tool for

reducing consumption of both alcohol and cigarettes. On

the other hand, an increase in cigarette taxes may not be

effective in curbing cigarette or alcohol consumption in

rural China, although it could be an efficient way of raising

government revenue. Our results for education suggest the

promotion of alternative, healthier lifestyles and other

types of social activities that do not involve alcohol. Our

results indicate that cigarettes are a Marshallian comple-

ment to alcohol, so that reducing alcohol consumption may

also reduce consumption of cigarettes.
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