Chapter 5

Tax, price and adult tobacco use

Introduction

Two broad types of data have been
used in international studies of
the demand for cigarettes, namely
aggregate data and survey data.
In general, it is easier and less
costly to collect aggregate data
than individual or household survey
data. Both types of data have their
advantages and drawbacks. The
previous chapter presents the
evidence from studies employing
time-series or pooled time-series
cross-sectional aggregate data.
This chapter reviews the evidence
from studies using individual-level
and household-level survey data to
examine the effects of tax and price
on the demand for tobacco products
among adults. Studies that focus
on tobacco demand among young
people are reviewed in Chapter 6 and
tobacco demand among the poor in
Chapter 7.

Individual-level and household-

level cross-sectional data are
collected in large  nationally
representative (or sometimes

regionally representative) surveys.
Depending on the nature of the survey
and the size of the questionnaire,
researchers are able to gather a
vast array of information about the
survey respondents. Some surveys
are designed with a focus on tobacco
(e.g. the Global Adult Tobacco

Survey), while other surveys are more
generic, and incorporate questions
about tobacco use as part of the
greater whole (e.g. National Health
and Nutrition Examination Survey in
the USA). In some cases the same
respondents are interviewed again
in subsequent waves of the survey.
Such surveys are called longitudinal,
panel or cohort surveys and are
particularly useful in seeing how
individuals’ tobacco use behaviours
change over time.

Analyses that employ survey
data to study the demand for tobacco
products are based on the same
theoretical framework discussed in
Chapter 4. However, studies that
have used survey data can answer
more nuanced questions than
studies that have used aggregate
data. For example, studies based on
aggregate data, which are usually
derived from tax paid sales data,
cannot determine why tobacco
consumption falls in response to an
increase in tobacco product prices.
Is it because fewer people are using
these products (i.e. a decrease in
smoking prevalence), because those
who use tobacco are consuming
less (i.e. a decrease in smoking
intensity), or some combination of
the two? Studies based on survey
data are better able to address

these questions. The most common
approach, described in more detail
below, is to separate individual
tobacco consumption decisions into
different stages, e.g. the decision
to initiate smoking, the decision
to continue smoking, the decision
about how much to smoke when
being a smoker, and the decision to
quit smoking. With individual-level
data, and especially with longitudinal
individual data, these questions can
be answered not only for the whole
population, but also for different
socioeconomic and demographic
groups, such as those defined by
gender, age, education, income,
race/ethnicity or other factors.

Studies based on aggregate
data often find that the correlation
between independent variables is
high. The high degree of correlation
complicates the estimation process
and can result in unstable estimates
(coefficients) and wide confidence
intervals. In contrast, the correlation
between independent variables in a
cross-sectional analysis of survey
data is generally lower, resulting in
smaller standard errors and more
stable coefficients.

Studies based on aggregate data
often suffer from simultaneity bias,
as market-level price and quantity
are jointly determined through the
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interaction of supply and demand.
Thus, the price variable may be
endogenous. Standard Hausman
tests can be used to test whether
price is endogenous. If this is
indeed found to be the case, price
endogeneity can be corrected using
instrumental variables methods.
However, when using survey data,
the problem of price endogeneity
is less of a concern because no
individual tobacco user or potential
user consumes enough to influence
the market price. Thus, from the
perspective of any individual, the
price variable is exogenously
determined. This simplifies the
estimation process.

However, while individual
or household survey data have
some clear advantages relative
to aggregate data, they also have
several limitations. First, the survey
data are subject to reporting biases,
in that people tend to underreport
tobacco use and consumption
(Warner, 1978; Slattery et al,
1989; Gallus et al., 2011). Typically
researchers assume that people
underreport their consumption by
the same percentage of their actual
consumption. This is a strong
assumption, and to the extent that it
is violated, it will bias the estimated
coefficients. Second, many macro-
level determinants of the demand
for  tobacco, like  advertising
expenditures and/or  advertising
restrictions, availability of tobacco
products, and the strength of anti-
tobacco (or pro-tobacco) sentiment,
are often not captured in the surveys.
If information on these determinants
are not obtained from other sources,
the coefficient estimates may be
biased due to omitted variables.

This chapter reviews several
issues related to the impact of taxation
of cigarettes and other tobacco
products, and tobacco products
prices, on tobacco use among the

adult population. In the following
section, the estimation techniques
applied in studies based on survey
data are discussed in some detail.
This is followed by a comprehensive
review of the evidence on the impact
of price on cigarette smoking among
adults, including the impact of price
on smoking prevalence and intensity.
A similarly comprehensive but
shorter review of the relatively scarce
evidence on price and non-cigarette
tobacco use follows. This is followed
by a discussion of the existing
empirical literature on smoking
cessation. The chapter concludes
with a discussion of the more limited
research on the relationships of
tax and price with other outcomes
related to tobacco use for adults,
including attitudes and perceptions
about prices of tobacco products.

Empirical strategies for estimating
demand with individual-level data

Data

Individual- and household-level data,
usually obtained from surveys, rely
on self-reported measures of tobacco
use. The measures of tobacco use
typically collected in surveys include
information on the prevalence
and intensity of tobacco use and
sometimes on tobacco consumption
histories. Two basic types of
surveys are typically employed
when examining the impact of price
or tax on adult tobacco use: cross-
sectional and longitudinal. A cross-
sectional survey is used to gather
information on a population at a
single point in time, and many cross-
sectional surveys are repeated
regularly. Often, researchers use
pooled cross-sectional data. Pooled
cross-sections combine multiple
cross-sections at a single point in
time (such as comparing cross-
sections of the populations of

multiple countries). They can also
be a single cross-section over time
with data collected at multiple time
points, such as studying a sample
from a single country over a period
of multiple years (this form of pooled
cross-sectional data is often referred
to in the literature as repeated cross-
sectional data). Pooling different
cross-sections has the benefit of a
larger sample size (or a higher number
of subjects studied) beyond what
would be available in a single cross
section, thus allowing researchers
to examine different determinants
of tobacco use over time like prices
of tobacco products and tobacco
control policies by studying a sample
at multiple time points. Longitudinal
data, on the other hand, follows
each subject (either an individual or
household) over time. The advantage
of longitudinal data is that changes in
individual (or household) tobacco use
measured as smoking prevalence
and intensity can be examined, and
the impact of price or tax on tobacco-
use transitions such as tobacco
initiation and cessation can be
quantified.

Measuring the price of tobacco
products

In contrast to aggregate databased
studies, studies that rely on survey
data can consider many more
variables in the analysis. For
example, individual (or household)
characteristics such as disposable
income, age, gender, level of
education, employment status,
marital status, family structure,
religiosity and  various  other
socioeconomic and demographic
characteristics can be incorporated
in the analysis.

Of particular importance to this
research is the role of tobacco prices
in affecting adult tobacco demand.
As increases in tobacco taxes are
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expected to increase tobacco prices,
tobaccotaxesare a policy mechanism
with which governments can affect
adult consumption of tobacco
(see Chapter 2 for a discussion on
tobacco taxes and prices). As IARC
Handbooks of Cancer Prevention:
Tobacco Control, Volume 12 points
out (IARC, 2008), several sources
of tobacco price data have been
used in prior research. Some studies
have used cigarette prices that are
collected in retail outlets or reported
by households/individuals that use
scanner-based technologies that
utilize universal product codes
(UPCs). The major advantages of
using prices collected using scanner
technology is that brand- and
package-specific information can be
extracted, and that the final purchase
price will capture the presence of
sale promotions affecting price.
Unfortunately, there is limited
availability of this technology in
many countries, particularly in
low- and middle-income countries.
Even in high-income countries,
these systems typically do not
provide comprehensive geographic
coverage. Moreover, even in covered
areas, some outlets that sell tobacco
products do not participate in scanner
data collection efforts, generating
tobacco price data that may not
be completely representative of all
tobacco sales.

Another approach to obtain
tobacco price information is to
use observational data collection
methods in which trained individuals
visit tobacco vendors and collect
price information by observing what
the posted prices are, asking the
vendor what the price is when the
price is not posted, and sometimes
purchasing the product. These
prices typically produce the same
measure of price and account
for price-related promotions.
Observational data collection

involves several limitations, including
limited geographic coverage, and
the use of a convenience sample
of stores (i.e. inadequate sample
frame and hence a sample that may
not be representative of all retail
stores). Use of data collected with
this approach can also create an
aggregate price measure that does
not account for the share of sales of
the brands collected and the share of
sales from different types of outlets.
The final method to collect
tobacco prices is through the use of
mail and telephone surveys. These
surveys are conducted on tobacco
product vendors, the general
population and the population of
smokers. The surveys on tobacco
vendors face limitations similar to
the observational data collection
methods described above.
Information obtained in population
surveys is useful in developing
aggregate measures of price (such as
at the national or subnational levels).
However, the use of individual's
self-reported price in analyses to
examine the respondent’s smoking
behaviour may be problematic due
to the endogeneity of this price
variable. That is, holding other things
constant, heavy smokers may be
more likely to consume cheaper
brands of cigarettes, purchase
cigarettes in greater quantities, look
for lower-priced retailers, engage
in tax-avoiding behaviours, and
take advantage of price promotions
than individuals who smoke fewer
cigarettes. Treating an individual’s
self-reported price as an exogenous
variable in an equation that examines
his or her tobacco consumption will
lead to a biased (over-) estimate of
the impact of price on consumption.
In some analyses, efforts have
been made to derive cigarette
prices from household expenditure
surveys that collect expenditure
information on a wide variety of

goods and services including tobacco
products. Price is typically derived
by dividing household consumption
expenditures on tobacco products
by the total amount/quantity of these
products consumed. In addition to
the endogeneity problems discussed
above, there are other reasons why
these price measures should be
used with caution. First, one member
of the family typically reports total
household expenditures on tobacco
and quantity purchased, leading
to potential reporting errors. The
extent of reporting errors depends
on how well informed the individual is
about the consumption expenditures
and quantities purchased by other
household members. Caution should
also be used because sometimes
only broad information on tobacco
expenditures and amount purchased
are collected, while only composite
prices that combine all tobacco
products can be generated. Finally, it
is very important to account for the
effects of inflation when evaluating
the impact of tobacco prices on
tobacco demand and demand-
related outcomes when multiple
years of data are employed, given
that inflation can significantly affect
the price of tobacco products relative
to the price of other goods and
services.

Methods

When using individual-level survey
data, economists have traditionally
used a two-part model of demand
developed by Cragg (1971), in which
tobacco prevalence and tobacco
intensity are modelled separately.
The rationale for the two-part
model is that a person faces two
sequential decisions. First, s/he has
to decide whether or not to consume
tobacco. Then, among those who
have decided to consume tobacco,
there is a decision on how much
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tobacco to be consumed. The first
decision is a dichotomous decision
and is typically estimated using a
probit or logit specification (logistic
regression models). For the second
decision, on how much tobacco to
be consumed, ordinary least squares
(OLS) techniques (linear regression
models) on a log-transformed
dependent variable are usually
used. The resulting price elasticity
derived from the first step is known
as the price elasticity of prevalence,
whereas the resulting price elasticity
from the second step is known
as the price elasticity of intensity.
Combining the price elasticity of
prevalence and the price elasticity
of intensity will yield the total price
elasticity of tobacco demand.

A potential problem with the
standard approach of estimating the
second part of the two-part model
is that the estimates have to be
retransformed back from log scale to
original scale. The retransformation
factor that is employed in the
retransformation process must
reflect any heteroscedasticity in
the conditional smoking equation
if the derived elasticities are to be
consistent. An alternative estimator
that Blough, Madden and Hornbrook
(1999), Manning and Mullahy
(2001) and Tauras (2006) proposed
is the generalized linear model
(GLM). While OLS models estimate
expectation of the log-transformed
variable E(In(Y|X)) and then require
retransformation back to In(E(Y|X)),
GLM models directly estimate
In(E(Y|X)) and consequently obtain
expectation E(Y|X) directly and thus
preclude the need to retransform?.

While the two-part technique
discussed above is the most
frequently used method to estimate
tobacco prevalence and intensity
demand equations using survey

data, numerous other methods
have been employed. Due to limited
computing power, some early studies
used a linear probability model (i.e.
an OLS technique) instead of limited
dependent variables techniques for
the first part of the two-part model.
Other researchers have combined
both separate models of the two-
part model into a one-part model
and apply an OLS regression. The
limitation of this approach is that
researchers cannot disentangle
the effects of changes in prices or
taxes on tobacco prevalence and
intensity—a distinction that is often
very important for policy-making
purposes. Other researchers have
used sample selection models,
such as Heckman’s (1979) two-step
correction model. Heckman’s model
corrects the second part of the two-
part model for self-selection by using
a transformation that is the predicted
probability of each individual to use
tobacco as an additional variable
in the second equation. Still other
researchers reformulate the
tobacco demand equation into latent
consumption (i.e. latent demand)
instead of the actual consumption.
As the latent demand measures
willingness to consume tobacco,
those individuals who hate tobacco
would likely make negative scores
for willingness to consume. Since
negative latent demand is reflected
by zero actual consumption, the
dependent consumption variable is
left censored at zero. Tobit models
have been used by researchers to
account for the censored nature
of the tobacco consumption data.
Finally, numerous extensions to
Cragg’'s (1971) model have been
proposed and employed to examine
the determinants of both prevalence
and intensity of tobacco use. This
class of models has become known

as double-hurdle models (Jones,
1989). A thorough discussion on the
variants of the double-hurdle models
can be found in Jones and Yen
(2000).

Researchers have also used
longitudinal data to examine the
impact of price or tax on tobacco-use
transitions such as tobacco initiation,
tobacco use escalation, and tobacco
cessation. Both discrete-time and
continuous-time hazard models have
been used to estimate the equations
specified for those tobacco-use
transitions. The discrete time model
usually takes the form of a probit or
logit specification to estimate the
probability of making a transition from
one discrete state to another (such
as from non-smoking to smoking)
between waves of data collection.
Cox’s (1972) partial likelihood method
has also been used to estimate
continuous hazard models. Cox’s
(1972) model is appealing because
it examines the effects of the
covariates on tobacco use without
making any assumptions about the
underlying baseline hazard. Other
researchers have used continuous
time parametric models that have
assumptions about the shape of the
baseline hazard.

Estimation issues

A central issue to consider when
estimating empirically  cigarette-
demand equations for adults is how
to account for tobacco sentiment or
the social acceptability of smoking.
Indeed, accounting for this condition
is important because it may be
the sentiment towards tobacco
that is driving changes in tobacco
consumption and in tobacco taxes
as well as in other tobacco control
policies. If not controlling for tobacco
sentiment, this overlook may result

Y is the dependent variable, X is a vector of explanatory variables, In is a natural logarithm transformation, and E(Y|X)is the expectation of Y conditional on X.
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in an omitted variable bias that
produces a spurious negative
relationship between price or tax
and tobacco demand. This spurious
negative relationship results in price
elasticity estimates that are biased
away from zero.

Several strategies have been
put forth to account for antismoking
sentimentin adult smoking equations.
One approach that can be applied to
cross-sectional data, pooled cross-
sectional data and longitudinal
data is to include a variable as an
explanatory variable in the cigarette
demand equation to capture the
economic importance of tobacco
growing and production in the area
(such as a state, region, province,
etc.) where the individual/household
resides. To the extent that residing in
a tobacco producing location proxies
for positive sentiment towards
tobacco, the inclusion of these
variables in the regression model
will mitigate some bias generated
by the omitted variables on the price
elasticity estimates.

Another approach that can be
applied to pooled cross-sectional
and longitudinal data is to use
location-specific dummy variables
as covariates. The use of location-
specificdummies will help to eliminate
all time-invariant, unobserved and
location-specific heterogeneity. To
the extent that sentiment towards
tobacco within a location is time-
invariant during the period under
investigation, then including those
explanatory dummy variables will
eliminate bias on the price elasticity
estimates due to the omitted
variables. The use of location-
specific dummy variables relies on
within-location variation in cigarette
prices or taxes over time (as opposed
to inter-location differences in prices
and taxes) to quantify the effect of
price on consumption. However, for
the location-specific dummy variable

approach to be viable, researchers
must use multiple years of cross-
sectional data—one year of cross-
sectional data would result in perfect
multicollinearity between the location
specific taxes (or prices) and the
dichotomous location indicators.
Moreover, even if multiple years of
data are employed, there must be
reasonable variation in tax (or price)
over time within locations to avoid
collinearity issues with the tax (or
price) variable.

The final approach that has
been used is to approximate the
magnitude of anti-tobacco sentiment
within a location using individual’s
attitudes towards smoking and
beliefs about tobacco control policies
from survey data. The derived
tobacco sentiment variable would
then be included as an explanatory
variable in the tobacco demand
equation. Some caution should be
used with this approach because the
derived tobacco sentiment variable
may be endogenous, particularly if
the same survey data are used both
to estimate the tobacco demand
equations and to derive the tobacco
sentiment variable.

It is also important to control
for other tobacco control policies in
the tobacco demand equations to
avoid an omitted variable bias. The
omission of other tobacco control
policies will bias the price elasticity
estimates away from zero if both
tobacco prices and tobacco control
policies affect tobacco consumption
and they are correlated to each other.
One potential limitation of including
tobacco prices and tobacco control
policies simultaneously in the same
equation is multicollinearity. That is,
as part of a comprehensive tobacco
control effort, governments may
increase tobacco taxes and impose
stronger restriction on tobacco
consumption simultaneously. If both
the tax and policy levers are pulled

simultaneously, it may become
difficult to disentangle the individual
effects of taxes from those effects
of other tobacco control policies on
tobacco consumption.

It is also important to account
for tax avoidance opportunities
to purchase tobacco products
when estimating tobacco demand
equations using individual-level data
(see Chapter 8 for a more complete
discussion of tax avoidance and
evasion). Cross-border shopping
opportunities created by substantial
differences in tax rates or other
factors that determine prices across
political jurisdictions are one form
of tax avoidance. If opportunities to
purchase less expensive tobacco
exist but are not accounted for in
the specification of the demand
equation, biased price elasticity
estimates may result, as the full price
elasticity estimates in absolute value
will tend to be understated. That is,
individuals living close to a border
of a lower-price location may in fact
purchase tobacco from the lower-
priced jurisdiction. The price they
pay for tobacco bought is smaller
than the price that is assigned to
those individuals simply on the basis
of their residence.

Numerous strategies have been
put forth to address cross-border
purchases using individual-level
data. Several main strategies can
be named: first, including a covariate
that represents the lowest price of
tobaccoinaneighbouring jurisdiction;
second, including a covariate that
represents the weighted average
price of tobacco (or average price
differential) in all neighbouring
jurisdictions where the weights are
based on the populations close to the
borders; third, omitting all individuals
who reside in locations that are
within a certain distance from the
border of a lower-priced jurisdiction;
fourth, running separate regressions
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on individuals who reside in locations
where the tax difference between
any neighbouring jurisdiction and
their own is below and above a
certain threshold; and fifth, including
a covariate that represents the
distance to the lowest tax location
in the area. While imperfect, these
efforts have significantly reduced the
biases in price elasticity estimates.

Summary

Using individual or household-level
survey data to analyse the impact
of tax and price on the demand
for tobacco products has several
advantages over the use of more
aggregated data, including the ability
to disentangle the impact of tax and
price on prevalence, initiation, uptake,
cessation and intensity. At the same
time, using survey data introduces
several empirical challenges that,
if not accounted for, can produce
biased estimates of the impact of tax
and price on tobacco use.

Evidence on the impact of tax and
price on the demand for tobacco
products among adults

Identification of relevant studies

For the review contained in this
chapter, a systematic search was
conducted to identify all publications
providing evidence on the effects of
price and tax on tobacco consumption
among adults, using individual-level
or household-level data on adults.
A MEDLINE search in PubMed up
to February 2010 was performed
using the string “(price[title]] OR
prices[title] OR elasticity[title] OR
elasticities[title] OR tax[title] OR
taxes[title] OR fiscal[title]) (“lung
cancer”[title] OR smoking[title] OR
cigaretteltitle] OR cigarettes[title] OR
tobaccoltitle]) adults.” Two members
of the Working Group selected the

papers identified by this search
strategy that reported original data
on the issue. Moreover, we checked
the reference lists of the identified
articles, a meta-analysis (Gallet
and List, 2003), a comprehensive
review of the literature (Chaloupka
and Warner, 2000), a review on
developing countries from Guindon
et al., (2003), and World Bank
publications on tobacco (such as the
papers in the World Bank’s Health,
Nutrition, and Population (NHP)
working paper series). Many relevant
and appropriate articles were added
later based on the references of the
articles read. No study was excluded
a priori because of weaknesses in
design and/or data quality. Studies
reporting estimates only on youth,
adolescents and young adults were
not considered for the present
chapter, as these are reviewed in
detail in Chapter 6. Similarly, studies
that focus on differencesinresponses
based on income, socioeconomic
status, or related factors are not
discussed in this chapter, as these
are comprehensively reviewed in
Chapter 7.

Systematic review of the
scientific literature: Impact of tax
and price on the prevalence and
intensity of adult tobacco use

In contrast to the studies based on
aggregate data, studies based on
survey data did not begin to emerge
until the early 1980s. Prior to this
time, the computing power necessary
to conduct econometric and other
statistical analyses of large survey
data was not generally available to
researchers. As survey data and
the computing power needed to
analyse them became more widely
accessible to researchers, this
began to change and the earliest
studies of demand for cigarettes
and other tobacco products based

on survey data began to appear.
Continued growth in and access to
computing power, particularly in the
past decade, led to the development
of more sophisticated econometric
methods and software, allowing for
more sophisticated analyses of larger
and more complex survey data and a
tremendous increase in the number
of studies based on survey data.

As was true for the demand
studies based on aggregate data,
most of the earliest demand
studies based on survey data were
conducted in the USA, but studies
based on US data are also the
most prevalent. This is true for
many reasons, including several
ones described in Chapter 4. First,
a variety of high-quality, nationally
representative surveys that collect
information on tobacco use have
been conducted for many years in
the USA, such as the National Health
and Nutrition Examination Surveys,
the National Health Interview Survey,
the Tobacco Use Supplement to
the Current Population Survey,
several state-specific surveys (e.g.
the California Tobacco Survey).
Second, the academic researchers
who conduct these studies have
access to high-powered computing
technology through their universities
and to the public and private funding
sources that provide the financial
research resources needed. Finally
and perhaps most importantly, as
with the aggregate demand studies
based on state-level data, the cross-
sectional differences in state and
local taxes and prices of tobacco
products as well as the frequent
changes in national, state and local
taxes provide considerable variation
in taxes and prices needed to most
effectively conduct this type of
research.

As survey data and access to
sufficient computing power have
become more widely available in
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several countries, including many
low- and middle-income countries,
demand studies based on individual
or household-level survey data have
been produced for a growing number
of countries. Table 5.1 provides a
detailed summary of the existing
evidence on the demand for tobacco
products from studies that are
based on survey data. Studies are
organized by country, with those from
the USA presented first, followed
by those from other high-income
countries, and then by those from
low- and middle-income countries.
Within a certain country, studies
are presented chronologically, from
oldest to most recent. Table 5.1 also
includes details on each identified
study including the data used in
the study, basic information on the
theoretical and empirical approach,
estimates of price elasticities for
overall demand, prevalence (often
referred to as participation in this
literature) and intensity (often
referred to as conditional demand).
In addition, for studies that estimate
demand for various subpopulations,
the estimated elasticities for these
populations are presented. The
narrative review below follows the
organization of the table, providing
a discussion of seminal studies or
those that are unique in some other
way, rather than a discussion of
each of the studies contained in the
table. However, it limitedly discusses
differences in price elasticities based
on age or income or socioeconomic
status, as these are discussed more
fully in subsequent chapters.

United States of America

Lewit and Coate (1982) published
the first analysis of cigarette demand
based on individual-level survey
data from the USA. They analysed
data on 19 266 respondents ages
20-74 years from the 1976 wave of

the National Health Interview Survey.
They used prices matched to the
survey data on the basis respondents’
state of residence. Using a two-
part model, they first estimated the
impact of price on the decision to
smoke and then the impact of price
on cigarette consumption among
smokers. In addition to estimating
price elasticities for the overall
sample, they also produced separate
estimates for subsamples based on
age groups (20-25 years, 26-35
years, and older than 35 years) and
sex. Lewit and Coate (1982) obtained
an overall price elasticity for their full
sample of —0.221, with a prevalence
elasticity of —0.135 and an intensity
elasticity of -0.037.

Given the potential for tax
avoidance through cross-border
shopping for cigarettes, Lewit and
Coate (1982) restricted their sample
to respondents for whom the price in
the areawhere they resided was lower
than the price in nearby jurisdictions.
For this restricted sample, they
obtained an overall price elasticity
of cigarette demand of -0.416, with
a prevalence elasticity of -0.264 and
an intensity elasticity of —0.103. The
differences between the two sets of
estimates clearly illustrate how failing
to account for opportunities for tax
avoidance can bias price elasticity
estimates. In addition, Lewit and
Coate (1982) found that smoking
was more responsive to price among
younger persons than among older
persons, with overall price elasticities
of-0.89,-0.47,and -0.45 for persons
having ages 20-25, 26-35, and
over 35, respectively. Similarly, they
found that the effect of price on the
decision to smoke among younger
persons accounted for more of the
overall impact of price on cigarette
demand than it did among older
persons (prevalence elasticities of
-0.74, -0.44, and -0.15 for the three
age groups, respectively). Finally,

they found that men, particularly
younger men, were more responsive
to changes in cigarette prices than
were women.

Mullahy (1985) built on the
Lewit and Coate (1982) analyses by
estimating cigarette demand models
that accounted for the addictive
nature of tobacco use. Mullahy
(1985) assumed myopic behaviour,
such that individuals’ current
cigarette consumption depended
on their past cigarette consumption
and that smokers ignored the future
consequences of their smoking
decisions. Applying two-part
methods to data from the 1979 US
Health Interview Survey, Mullahy
(1985) estimated separate demand
equations for men and women. He
obtained a total price elasticity of
-0.47, similar to that of Lewit and
Coate (1982), and found that men
were somewhat more price-sensitive
than women.

A few years later, Chaloupka
(1990, 1991 and 1992) produced
a series of papers that applied
Becker and Murphy’s (1988) rational
addiction model to examine adult
cigarette demand (ages 17-73
years). He used individual-level,
cross-sectional survey data from
the Second National Health and
Nutrition Examination Survey,
conducted from 1976 to 1980. He
used information on smoking at the
time of the survey, smoking one
year before the survey, and past
smoking. He applied two-stage least
squares models that accounted for
the endogeneity of past and future
smoking in the rational addiction
model. He matched prices to the
survey databased on an individual’s
area of residence, with the price
measure accounting for potential
cross-border shopping by averaging
prices in the individual's own state
and lower prices in nearby states.
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He used alternative specifications
of the rational addiction model and
estimated these models for the full
sample, the sample of those who
ever smoked, and the sample of
current smokers. For these three
samples, he obtained overall long-
run price elasticities of cigarette
demand in the range from -0.27 to
-0.36, -0.35 to -0.48, and -0.30
to -0.89, respectively (Chaloupka,
1991). Consistent with the predictions
of the rational addiction model that
individuals with a greater preference
for present would respond more to
price, Chaloupka found that smoking
among less-educated persons was
influenced more by price than was
smoking among more educated
persons. In contrast to the predictions
of the rational addiction model and
to Lewit and Coate’s (1982) finding
that younger populations were more
sensitive to price than were older
populations, Chaloupka (1991) found
that young adults (17-24 years)
were less responsive to price than
middle-aged adults (25-64 years).
Chaloupka (1990) wused similar
models for men and women and
found that cigarette demand was
significantly more responsive to price
among men than among women.
Finally, Chaloupka (1992) estimated
additional specifications of these
models that included explanatory
variables to control for the presence
of various state-level restrictions on
smoking in public places. Estimated
price elasticities obtained from
these models were comparable
to those described above. This
result suggests that there were no
significant omitted variables biases
in the price elasticity estimates
when the smoking restrictions were
excluded from the models.

At about the same time,
Wasserman and his colleagues
(1991) pooled seven waves of the
National Health Interview Survey

conducted between 1970 and 1985
to examine how the price elasticity
of adult cigarette demand was
changing over time. Using two
alternative models (a two-part model
that looked separately at prevalence
and intensity, and a generalized
linear model that looked at the
overall impact), Wasserman and
colleagues (1991) found that cigarette
demand was becoming increasingly
responsive to price over time, going
from virtually insensitive to price in
the early/mid-1970s to a predicated
overall elasticity of —0.26 to —-0.28
by 1985-88. Consistent with Lewit
and Coate (1982), Wasserman and
colleagues (1991) found that price
had a greater impact on smoking
prevalence (elasticity of -0.17 in
1985) than on smoking intensity
(elasticity of —0.09 in 1985).

Hu and his colleagues (1995)
were the first to estimate the price
elasticity of adult cigarette demand
using state-specific individual-level
survey data. They pooled the 1985
through 1991 waves of the California
Behavioural Risk Factor Surveillance
System survey. They used two-
part models of cigarette demand
that controlled for other health
behaviours, in addition to the typical
controls included in prior studies.
Their estimates for California were
consistent with those obtained from
previous studies for the USA, with an
overall price elasticity of —0.46. Price
had a somewhat greater impact on
smoking prevalence than on intensity.

In a series of papers using
different waves of the Tobacco Use
Supplement to the Current Population
Survey, Ohsfeldt and his colleagues
(1994, 1997, 1999) were the first to
estimate the impact of smokeless
tobacco taxes on smokeless tobacco
use in the USA. Because of the very
low prevalence of smokeless tobacco
use among women in the USA,
Ohsfeldt and colleagues (1994, 1997,

1999) focused their analyses on men.
Given the lack of data on smokeless
tobacco prices, they employed state-
level taxes on smokeless tobacco
products (typically ad valorem taxes
applied atthe wholesale level) as their
proxy for price, using the resulting
estimates and information on the
share of price accounted for by tax
to produce price elasticity estimates
for snuff and chewing tobacco. They
found consistent evidence that higher
smokeless tobacco taxes were
associated with reduced prevalence
of any smokeless tobacco use among
men, with prevalence elasticities in
the range from -0.15 to —0.55.

In the most comprehensive
analyses to that point, Farrelly and
Bray (Centers for Disease Control
and Prevention, 1998) and Farrelly
and his colleagues (2001) pooled
multiple waves of the National
Health Interview Survey conducted
between 1976 and 1993 to estimate
cigarette demand for US adults, as
well as for multiple subpopulations
defined by gender, race/ethnicity,
income and age. They used two-part
models that controlled for a variety
of individual characteristics and for
region. They obtained overall price
elasticities of adult cigarette demand
in the range from -0.25 to -0.28,
with similar elasticities estimated
for smoking prevalence (-0.13 to
-0.15) and smoking intensity (-0.10
to -0.15). Consistent with Lewit
and Coate (1982), they found that
cigarette demand became more
inelastic with age and that smoking
was more responsive to price among
men than among women. They also
found relatively greater sensitivity to
price of cigarette use among minority
populations (Hispanics and blacks)
than among the majority population
(whites) and among those in lower-
income households compared to
those in higher-income households.
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Several studies of US adult
cigarette demand have been
published over the past decade.
These more recent studies have
taken advantage of the numerous
and often large local, state and
federal cigarette tax increases,
increases in prices due to the pass-
through of costs from settlements of
legal challenges against the tobacco
industry (most notably the 1998
Master Settlement Agreement that
led to an immediate 45-cent increase
in prices), and other factors that
have contributed to increasing price
variation over time. At the same time,
many of the more recent studies have
pooled numerous survey waves, with
estimation samples exceeding one
million respondents in some (e.g.
Sloan & Trogdon, 2004; Franks et
al., 2007; Stehr, 2007; Farrelly &
Engelen, 2008; Franz, 2008). The
use of multiple survey waves over
a period where taxes and prices
have changed considerably in many
states has allowed researchers
to better control for a variety of
other tobacco control policies?
and underlying sentiment towards
tobacco. Nevertheless, the findings
from these more recent studies are
remarkably similar to those from the
earlier studies. They consistently
suggest that higher cigarette taxes
and prices lead to reductions in the
prevalence and intensity of smoking
among US adults. A few of these
more recent studies are described
briefly below.

Sloan and Trogdon (2004)
assessed the impact on smoking
prevalence among different age
groups of the large price increases in
the US in the late 1990s that followed
the settlement of state lawsuits with
tobacco companies, using data from
the 1990 through 2002 Behavioural
Risk Factor Surveillance System.

Consistent with the early estimates
of Lewit and Coate (1982), they
found that higher cigarette prices
significantly reduced smoking
prevalence among all age groups.
Interestingly, however, the oldest
group they examined (65 years and
older) was as price-responsive as the
youngest group (18-20 years), with
estimated prevalence price elasticities
of —=0.25 and -0.26, respectively. The
prevalence elasticity values for the
age groups in between were less
than half of those values reported in
the oldest and the youngest groups.

Over the past two decades,
smoking prevalence among those
who smoked less than daily increased
considerably, with almost one in five
smokers smoking less than daily in
2006-07. Tauras (2004) was the first
to assess the impact of price on the
decision to smoke daily versus less
than daily, using data from the 1991,
1993 and 1994 US National Health
Interview Surveys. Tauras (2004)
found that higher prices increase
the likelihood that a smoker will
smoke less than daily in addition to
reducing smoking prevalence and
average cigarette consumption. His
price elasticity estimate of some
day smoking conditional on current
smoking is 0.86, while his estimates
for smoke-free air policies were
generally small and statistically
insignificant. These findings suggest
that much of the observed increase in
prevalence of less than daily smoking
resulted from the impact of tax and
price increases rather than from
the impact of other tobacco control
policies on smoking.

Stehr (2007) focused on gender
differences in the price sensitivity of
US cigarette demand. As described
above, most previous studies found
that cigarette smoking among men
was somewhat more sensitive to

price than was cigarette smoking
among women. Stehr (2007) argues,
however, that this is due to an omitted
variables bias resulting from a
negative correlation between gender
differences in smoking prevalence
and cigarette taxes. Using data from
the 1985 through 2000 Behavioural
Risk Factor Surveillance System,
Stehr (2007) developed gender-
specific two-part models that include
gender-specific state fixed effects to
account for this correlation. He found
that smoking among women was
significantly more responsive to price
than was smoking among men. For
women, his estimated prevalence and
total price elasticities were —0.40 and
-0.51, and for men the corresponding
estimates were -0.16 and —0.26.

DeCicca and MclLeod (2008)
similarly used multiple waves of the
Behavioural Risk Factor Surveillance
System data from 2000-2005
to examine differences in price
elasticity among a variety of US
population subgroups. Consistent
with Sloan and Trogdon (2004), they
found that smoking among older
adults was more responsive to price
than previously thought, suggesting
that higher taxes and prices increase
the likelihood of smoking cessation
at all ages. Among other subgroups
in older adults, they found that higher
taxes have their greatest impact on
smoking among those in poor health,
among those on lower incomes
(explored more fully in Chapter 7),
and among those with fewer years of
education.

Summary

Over the past three decades,
numerous studies of adult cigarette
demand based on individual-level
survey data have been produced
in the USA (see 26 studies in Table

2 Most notably smoke-free air policies targeting various venues, such as workplaces, bars and restaurants, and funding for comprehensive tobacco control programmes.

175



IARC Handbooks of Cancer Prevention

5.1). Over time, the econometric Figure 5.1. Price elasticity for total cigarette consumption (prevalence and
methods used in these studies have intensity) from 16 studies conducted in the USA
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have examined gender differences
in price elasticity found that smoking
is more sensitive to price among
men than among women. However,
studies conducted on more recent
data obtained at a more advanced
stage of the tobacco epidemic (Lopez
et al, 1994), and consequently
displaying a narrower gap between
men and women on smoking
prevalence and consumption, failed
to find differences in elasticities
(Figure 5.2). Moreover, Stehr’s
(2007) more recent study provides a
compelling explanation for why earlier
estimates were likely to be biased,
along with estimates that smoking
among women is roughly twice as
responsive to price as is smoking
among men once potential bias due
to the omitted variables is accounted
for. The current evidence suggests
no major differences between sexes
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Figure 5.2. Gender-specific price elasticities for total cigarette consumption
(prevalence and intensity) from 8 studies conducted in the USA
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Similarly, most US studies that
have considered differences in the
price elasticity of cigarette by age
find that smoking among younger
age groups is more price-sensitive
(described more fully in Chapter 6).
However, price elasticity of demand
generally becomes monotonically
more inelastic among older age
groups. Sloan and Trogdon (2004)
find that this is not the case among
those over 65, perhaps due to the
more constrained resources for
retirees on fixed incomes.

Other high-income countries

There have been several studies
that examine the effects of price on
consumption of cigarettes and other
tobacco products in other high-
income countries (see Table 5.1).
These have been many fewer than
the number of studies conducted in
the USA due to the fact that there
is limited within-country variability
in tobacco product taxes and prices
in most of those countries. Many of
these studies use data taken from
household consumption expenditures
surveys. Information on spending
and consumption is used to derive
price measures for use in empirical
analyses. Such price measures are
likely to be endogenous because they
at least in part reflect tobacco use
behaviours (e.g. heavier consumers
purchase cheaper brands), leading
to biased estimates of price elasticity.
Others take advantage of survey
data on smoking and other tobacco
use, comparable to those price
measures used in the US studies,
linked with market-level measures of
prices based on respondents’ place
of residence.

Four studies have examined
cigarette demand in Canada.
Differences in Canadian provincial
cigarette excise taxes provide
significant cross-sectional variation

in prices, while substantial increases
and reductions in taxes provide
considerable intertemporal variation.
Stephens and colleagues (1997)
used data from two cross-sectional
surveys of Canadian adults, the
1990 Health Promotion Survey and
the 1991 General Social Survey, to
study the impact of cross-sectional
variability in prices and changes in
prices over time on adult smoking
prevalence. They found that
smoking prevalence was higher for
respondents residing in provinces
where cigarette prices were lower.
Hamilton and colleagues (1997)
conducted a similar comparison
across provinces, focusing on the
significant reductions in taxes that
were made in some provinces in
early 1994. They used cohort data
from the Survey on Smoking in
Canada collected over four waves
in 1994 and 1995, with the baseline
survey collecting data on smoking
status on 1 January 1994, before
the tax cuts. To assess the impact of
the tax cuts on smoking prevalence,
they compared changes in smoking
prevalence in provinces where taxes
were cut with smoking prevalence in
other provinces (in provinces where
taxes were not cut). Hamilton and
colleagues (1997) found that smoking
prevalence fell in all Canadian
provinces between January 1994 and
February 1995, which was attributed
to the implementation of various
tobacco control efforts throughout
Canada. However, smoking
prevalence was reduced more in the
provinces that did not cut taxes than
in the provinces that cut taxes (a 4.1
percentage point reduction versus a
2.7 percentage point reduction).
More recently, Gruber and
colleagues (2003) conducted a more
rigorous, econometric analysis of
cigarette demand. They used data
from all eight waves of the Canadian
Survey of Family Expenditure

conducted between 1982 and 1998,
with tax rates matched to the survey
databased on respondents’ region
and acknowledging the need to
take into account the presence of
significant smuggling of tobacco
products. They used two different
sets of data, household-level
expenditures on smoking from all
households and another sample that
excluded provinces and years where
cigarette smuggling was thought to
be a significant problem. For both
samples, they obtained an overall
price elasticity of cigarette demand of
—-0.45, which is quite consistent with
the estimates described above for the
USA. These results suggest that the
availability of smuggled cigarettes
had little impact on price elasticity in
Canada. Additionally, they found that
nearly all of the effect of price is on
household cigarette consumption,
with little impact on smoking
prevalence. Furthermore, smoking
was more responsive to price among
the lowest-income households than
among higher-income households
(see more detail in Chapter 7).

Most recently, Gospodinov and
Irvine (2009) explored cigarette
demand among Canadian adults,
using data from the Canadian Tobacco
Use Monitoring surveys conducted
from 2000 through 2005 and applying
two-part models. Consistent with
Gruber and colleagues (2003),
Gospodinov and Irvine (2009) found
little impact of price on smoking
prevalence in Canada, but did find
that higher prices significantly reduce
cigarette consumption, with an
estimated price elasticity of intensity
in the range from -0.28 to -0.30.
However, they found little difference
in price elasticity estimates of
demand for socioeconomic groups
defined by educational attainment
(Gruber et al., 2003).

Similarly, Australian researchers
have taken advantage of differences

177



IARC Handbooks of Cancer Prevention

in cigarette prices across states to
assess the impact of price on smoking
among adults (see Table 5.1). For
example, Cameron and Williams
(2001) used data from multiple
waves of the National Drug Strategy
Household Surveys conducted in
the late 1980s and 1990s that were
matched with state-level price data.
They obtained a price elasticity of
smoking prevalence of —0.436. More
recently, Zhao and Harris (2004)
used the 1995, 1998 and 2001
waves of the same surveys, finding
an even greater impact of tobacco
product prices on prevalence of
tobacco use (prevalence elasticity
of —-0.863) as well as a significant
negative impact of price on the
level of tobacco consumption. Most
recently, Wakefield and colleagues
(2008) wused monthly data on
smoking prevalence collected in the
five largest Australian cities between
June 1995 and December 2006 to
examine the impact of changes in
cigarette prices relative to income (a
measure of affordability, as described
in the previous chapter) on smoking
prevalence during this period. Their
finding implies that relatively small
changes in affordability would reduce
prevalence.

There are relatively few other
studies from high-income countries
that use individual-level or household-
level data to investigate the impact of
taxes and prices on adult tobacco use
(one from ltaly, 1 from the Republic of
Korea, three from Spain and one from
the United Kingdom). These studies
identified by the search strategy
described above are summarized in
Table 5.1 and in Figure 5.3.

Summary

Overall, 14 studies on adult cigarette
demand using individual or household
level survey data exist for high-income
countries other than the USA. These

Figure 5.3. Price elasticity for total cigarette consumption (prevalence and
intensity) from five studies conducted in high-income countries other than

the USA
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studies are generally consistent with
those from the USA in concluding
that higher tobacco product taxes
and prices lead to reduced smoking
among adults. While estimates of
price elasticity from these studies are
more variable than those from studies
based on US data, they do indicate
that tobacco use in high-income
countries is inelastic with respect
to price, and that price influences
both the prevalence and intensity of
tobacco use. However, in contrast
with evidence from the USA, in other
high-income countries the effect of
price changes on smoking intensity
appears to be stronger than that on
smoking prevalence (Table 5.3).

Low- and Middle-Income Countries

Prior to the publication of the World
Bank’s Curbing the Epidemic report
(Jha and Chaloupka, 1999), there
were almost no survey-based
studies on the impact of tax and

price on tobacco use in low- and
middle-income  countries.  Since
then, however, a rapidly growing
body of evidence has emerged from
studies that use individual-level and/
or household-level data collected in
low- and middle-income countries,
with studies available for countries
in all regions. Much of this research
has been produced with support from
the World Bank, the World Health
Organization, and other international
organizations;  publications are
available in the Economics of
Tobacco Control Discussion Paper
series produced by the Health,
Nutrition and Population Family
(HNP) of the World Bank’s Human
Development Network. A smaller
number of these studies have been
published in peer-reviewed journals.

As with the demand studies
based on aggregate data from
low- and middle-income countries
described in the previous chapter,
there is also considerable variation in
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the quality of the data and methods
used in these studies (Chapter 4).
Many studies employ household-
level  consumption  expenditure
data that often reflects all tobacco
consumption, making it difficult to
disentangle the effects of prices on
use of different tobacco products,
on use by different members of the
household, and on prevalence and
intensity of use. In many of these
countries, there is considerable
variability not only in the taxes on and
prices of different tobacco products,
but also in the taxes and prices of
different brands for the same product.
This situation creates significant
endogeneity problems for measures
of price that are derived from self-
reported prices or from self-reported
information on the consumption
expenditures and  consumption
quantities. This typical endogeneity
almost certainly results in biased
price elasticity estimates when it is
not accounted for in the estimation.
Many of the studies described below
address this problem by trying to
assess the endogeneity of self-
reported price using a Hausman or
other test. However, these efforts
are often hampered by appropriate
instrument variables for price being
unavailable in the survey data.
Others address this by using a
measure of average prices that is
derived from the self-report data
and averaged over respondents
in the same location and/or based
on other factors (e.g. income). Still
others apply two-stage least squares
models to first predict price (based
on taxes, location, income, and
other factors), then use the predicted
price in the demand models. Where
secondary sources for prices are
available, other potential problems
arise. For example, given the
extensive variability in availability
and prices of various tobacco
products/brands and the limited

within-country variation both in taxes
and in prices for a particular product/
brand, matching price data from
other sources to the survey data
can introduce its own measurement
errors that can bias price elasticity
estimates towards zero. Due to
these potential problems, much care
and caution must be taken when
assessing the findings from these
studies.

Given the variety of research
available, the discussion below will
briefly summarize the evidence
by region, highlighting seminal
studies and those that are most
methodologically sound. Table 5.1
contains a more comprehensive
listing of the studies identified by the
search strategy described above.

Asia. Several studies have
examined the impact of tax and price
on tobacco use in various Asian
countries, including China, India, Viet
Nam, Thailand, Indonesia, Myanmar
and Nepal. Mao and Jiang (1997) were
the first to estimate the price elasticity
of cigarette demand using individual-
level data for a low- or middle-income
country, using cross-sectional
survey data for adults in the Sichuan
province that were augmented with
price data collected from retailers
selling cigarettes in the survey
respondents’ locations. They used a
two-part model of cigarette demand,
producing elasticity estimates of
-0.89 for smoking prevalence
and -0.18 for smoking intensity. In
follow-up studies using nationally
representative data for China, they
found that cigarette demand in China
was becoming increasingly inelastic,
with a price elasticity of —0.06 for
smoking prevalence and that of
-0.09 for cigarette consumption
among smokers (Mao et al., 2007).
These recent estimates were based
on data from the National Smoking
Prevalence Survey conducted

in 2002, with the cigarette price
measure based on the average of
prices self-reported by respondents
who resided in the same geographic
region (Mao et al., 2007).

Others have produced similar
estimates for the price elasticity of
Chinese cigarette demand. Bishop
and colleagues (2007) used data on
adult urban males in ten provinces
taken from the 1995 Chinese
Household Income Project. Prices
that were assigned to individuals
were based on the average self-
reported prices for respondents from
the same province (which allows
for more observations to be used in
computing price) or county (which
reduces the number of observations
used to estimate price, but adds to
the variability in the resulting price
measure). They estimate two-part
models using each of the alternative
measures of price. Interestingly, the
estimated elasticities with the two
price measures are relatively similar,
with prevalence elasticities around
-0.21 and intensity elasticities in the
range from-0.25t0-0.30. In contrast,
Lance and colleagues (2004), using
data from multiple waves of the
China Health and Nutrition Surveys
that were supplemented with locally
collected prices from markets in the
communities where respondents
lived, concluded that cigarette
demand in China was much less
elastic. Their prevalence elasticities
ranged from -0.02 to -0.04 and
intensity elasticities from 0.03 to
-0.06. However, as Bishop and
colleagues (2007) note, the price
measure employed by Lance et al.
(2004) ignores the fact that many
smokers buy cigarettes from nearby
wholesalers rather than from local
markets, introducing measurement
error that can bias price elasticities
towards zero.

At least four studies from Taiwan,
China have examined the impact of
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taxes and pricesontobaccouse. They
generally take advantage of large
price changes that followed the large
tax increases implemented in 2002.
For example, Lee and Colleagues
(2004) used survey data collected
by the Taiwan, China National Health
Research Institutes between 2000
and 2003 that were augmented with
monthly data on average prices of
leading brands to estimate the price
elasticity of cigarette consumption
among current smokers before and
after the tax increase for a variety of
population subgroups. Overall, their
estimated price elasticities range
from —0.31 to —0.53, with the greatest
price elasticity in the year following
the tax increase. In a follow-up
study using survey data collected
by phone in 2004, Lee (2008)
used information from responses
to a question about a hypothetical
price increase and obtained a price
elasticity of cigarette consumption
of —0.29. This was consistent with
that obtained from survey databased
on actual experiences with tax and
price increases. Related studies
by Tsai and colleagues (2003,
2005) concluded that the 2002 tax
increases altered other aspects of
smoking behaviour in Taiwan, China,
including brand choice and likelihood
of purchasing smuggled cigarettes.
In general, and consistent with
the estimates from studies based
on aggregate data described in
the previous chapter, it appears
that cigarette demand in China has
become less sensitive to price over
the past two decades. One likely
explanation for these increasingly
inelastic price estimates for cigarette
demand in China is the trend towards
increased affordability of cigarettes
in the country, as real household
disposable incomes have increased
much more rapidly than real cigarette
prices. This trend is consistently
described by the significant, positive

income elasticities generally obtained
in these studies.

John (2008) conducted the only
survey-based study that produces
estimates of price elasticity of adult
tobacco use in India. Using data
from the 55th round of the National
Sample Survey Organization survey,
a household expenditure survey
conducted from July 1999 through
June 2000, he examined the effect
of price on demand for cigarettes,
bidis and leaf tobacco separately for
urban and rural populations. Using
an empirical approach developed by
Deaton (1988), he constructed unit
values by dividing the self-reported
individual household consumption
expenditure to consumption quantity.
The unit values reflect the averages
for individual households in the
same geographic areas and account
for variations in the quality of the
tobacco products consumed (John,
2008). Since this analysis was
limited to households that consumed
tobacco products, the price elasticity
estimates reflect the impact of price
on consumption by households that
use these products, thus understating
the full impact of price on tobacco
demand in India. John’s (2008)
analysis  produced significantly
negative own-price elasticities of
demand for each of the three tobacco
products considered, with less
inelastic estimates for bidis (ranging
from -0.86 to —-0.92 according to
rural/urban area) and leaf tobacco
(-0.87 to -0.88) and a relatively
inelastic estimates for cigarettes
(ranging from —-0.18 to —0.34). John
attributes the differences in the price
elasticity estimates to the differences
in income among those households
who consume cigarettes and those
who consume other products, with
cigarettes  generally consumed
by higher-income households,
while bidis and leaf tobacco are
typically consumed by low-income

households. For bidis and leaf
tobacco, little difference in price
elasticities is found among urban
and rural households. For cigarettes,
consumption decisions made by
rural households are significantly
influenced by cigarette prices, but
the same is not true for consumption
decisions made by urban households
(John, 2008).

Several demand studies
published in the Economics of
Tobacco Control HNP Discussion
Paper series are based on household
expenditure or other survey data
for various other Asian countries.
These studies produce a range of
estimates, generally confirming
that higher taxes and prices will
lead to reductions in tobacco use.
Kyaing (2003) and Kyaing and his
colleagues (2005), for example, used
two expenditure surveys to estimate
price elasticity of adult tobacco use in
Myanmar. Kyaing (2003) uses a two-
part model to examine the impact
of price on the use of cigarettes,
cheroots, and phet kyan which,
together, account for nearly all of
tobacco use in Myanmar. This study
uses a price measure that is derived
from self-reported expenditures and
consumption quantities, treating this
price variable as exogenous after
having conducted a Hausman test for
endogeneity of price. The estimated
price elasticities are substantial—a
prevalence elasticity of -1.28 and
an intensity elasticity of -0.34. In
addition, he finds that price elasticity
of demand (in absolute values) falls
with age, although demand remains
elastic even among the oldest age
groups, and that price elasticity
rises and then falls with income.
In the subsequent study (Kyaing
et al., 2005), separately examining
the effect of price on consumption
of cigarettes and cheroots among
low-income consuming households,
only tobacco-consuming households
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were considered in the analysis. The
price variables that were derived
from self-reported prices were
determined to be endogenous in
some specifications and exogenous
in others, based on Hausman
tests. When the price variable was
endogenous, a two-stage least
squares model was estimated using
taxes as instruments for price.
The resulting estimated intensity
elasticities were —0.25 for cigarettes
and —-0.36 for cheroots.

Karki and colleagues (2003) used
Nepalese household consumption
expenditure data to estimate the
price elasticity of combined cigarette
and bidi demand after having
concluded that price can be treated
as exogenous based on a Hausman
test. They obtained an overall price
elasticity of -0.88, with the impact
of price on combined demand about
evenly divided between its impact
on prevalence (-0.46) and use in
consuming  households (-0.42).
Adioetomo and colleagues (2005)
used data from the 1999 National
Socioeconomic Survey to analyse
cigarette demand in Indonesia. To
account for the potential endogeneity
of price, they conducted a two-
stage least squares model, finding
little impact of price on smoking
prevalence, while estimating that the
overall price elasticity of consumption
among smokersis-0.61, withdemand
less inelastic among those smokers
on lower incomes. Arunatilake
and Opatha (2003) performed a
similar analysis, using household
consumption expenditure and
consumption quantities taken from
the 1999-2000 Sri Lanka Integrated
Survey database. They also find that
smoking prevalence is unaffected
by price, that higher prices reduce
consumption in smoking households
(intensity elasticity of —0.60), and that
demand in lower-income households
is most responsive to price.

Sarntisart (2003) takes a somewhat
different approach, applying a linear
expenditure system model to data
from the 2000 Thailand Household
Socioeconomic Survey that were
augmented with local price data on
many goods and services collected
as part of the survey. He obtains an
overall price elasticity of —0.39, with
demand increasingly inelastic among
higher-income  households and
relatively less inelastic among urban
households.

Europe. Several studies of the impact
of taxes and prices on adult tobacco
use based on individual or household
survey data have been conducted
for a few former Soviet Republics
(the Russian Federation, Ukraine,
and Estonia) and other central
and eastern European countries
(Bulgaria and Poland). In general,
these studies find that higher taxes
and prices reduce tobacco use, with
widely varying estimates of price
elasticity across countries.

Two peer-reviewed studies used
data from the Russian Longitudinal
Monitoring Survey, a nationally
representative  household survey
that collects data on household
members’ tobacco use and includes
a community module that collects
information on retail prices for the
highest and lowest domestic and
imported cigarette brands (Ogloblin
and Brock, 2003; Lance et al., 2004).
Ogloblin and Brock (2003) used data
from the 1996 and 1998—-99 waves of
the survey to investigate the impact of
price on smoking prevalence among
men and women. They concluded
that smoking prevalence among
men was relatively unresponsive
to price (elasticity of —0.085), while
smoking prevalence among women
was significantly affected by price
(elasticity of —0.63). In addition, they
found that smoking prevalence was
becoming less inelastic over time,

as cigarette prices nearly doubled
between the two waves of the survey
they analysed. In their subsequent
analysis, Lance and colleagues
(2004) added the 2000 wave of the
survey to assess the impact of price
on both prevalence and intensity
among men. They similarly found
little impact of price on prevalence
(prevalence elasticities ranging from
-0.05 to -0.1) and almost no impact
of price on consumption among
male smokers (intensity elasticities
ranging from 0 to —0.03). Ogloblin
and Brock (2003) attributed the low
intensity elasticities obtained for
male smokers to the fact that they
mostly consume low-quality, very
inexpensive cigarettes (in contrast,
many female smokers use the
higher-price, higher-quality cigarette
brands).

Krasovsky and his colleagues
(2002) used data on over 2700
individuals they surveyed throughout
Ukraine to explore differences in the
price elasticity of cigarette demand
by age and income. Their measure
of price was based on a self-reported
price in response to a survey
question that asked respondent
smokers “What is the price for a
pack of the cigarettes you usually
smoke?” This measure of price is
likely to be endogenous, reflecting
a variety of factors including brand
choice, quantity purchased and
location of purchase. That is, heavier
consumers will likely choose less-
expensive brands, buy in greater
quantities, and obtain these products
from lower-priced locations. Their
overall intensity elasticity was —0.4,
while their other price elasticity
estimates indicated that younger or
lower-income  Ukrainian smokers
were generally more responsive to
price.

Taal and colleagues (2004) used
monthly household survey data on
cigarette consumption and household
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composition from 1992 through 1999
to construct a measure of average
adult cigarette consumption for use in
their estimation of the price elasticity
of cigarette demand in Estonia. The
price was the real tobacco product
price index reported by the Statistical
Office of Estonia. Using ordinary
least squares methods applied to
a myopic addiction model, they
obtained an overall price elasticity of
cigarette demand of —0.34.
Sayginsoy and colleagues (2002)
used data from the 1995 Living
Standards Measurement Survey for
Bulgaria, a nationally representative
household expenditures survey,
to estimate the impact of price
on cigarette demand in Bulgaria.
To estimate price elasticities,
they used a multistep process.
First, prices were derived from
self-reported  expenditures  and
consumption quantities for smoking
households. Second, for non-
smoking households, the average
of the derived prices from smoking
households in the same income
quintile was used. Finally, price was
modelled as a function of taxes and
cigarette characteristics. Using a
two-stage least squares model, they
estimated an overall price elasticity
of cigarette demand of —-0.80, with
price elasticity in absolute value
being greatest among lower-income
households and becoming more
inelastic as household income rises.
Gardes and Starzec (2004)
applied a variety of methods
to estimate the price elasticity
of cigarette demand in Poland.
They used data from the 1987
through 1990 Polish Consumption
Panel database—a database that
contains information on household
consumption expenditures and price
indices for various goods including
tobacco products. Specifically, they
estimated an Almost Ideal Demand
System (cited and explained in

Gardes and Starzec, 2004) using
the consumption expenditure data,
a Rotterdam system using a Frisch
scheme, and a rational addiction
model (Becker and Murphy, 1988).
The alternative approaches produced
comparable elasticity estimates, with
a short-run price elasticity of overall
cigarette demand of —0.4 and a long-
run elasticity of —0.7.

Onder (2002) applied a two-
part model to examine whether
price affects smoking prevalence
among households and intensity
among smoking households, using
1994 expenditure survey data
for Turkey. Using two-stage least
squares methods to account for the
endogeneity of the price measure
that is derived from the self-report
data on consumption expenses
and consumption quantities, Onder
(2002) obtained an overall price
elasticity of -0.41, but finds little
impact of price on households’
smoking prevalence (elasticity of
-0.03). In general, she found that
overall demand is less inelastic
among lower-income households.

Africa. Few price elasticity estimates
based on survey data exist for African
countries. To date, such studies have
been conducted in South Africa (Berg
and Kaempfer, 2001; Van Walbeek,
2002 and 2005) and Egypt (Nassar,
2003).

Berg and Kaempfer (2001)
used the 1991 Living Standards
Measurement Survey to estimate the
price elasticity of cigarette demand for
black and white households in South
Africa. Prices appear to be derived
from the self-reported expenditures
and consumption quantities, while
the potential endogeneity of price
does not appear to be addressed
in the estimation. Using censored
maximum likelihood and censored
least absolute deviations methods
Berg and Kaempfer (2001) found

that cigarette consumption was
more than twice as responsive to
price among whites (total price
elasticity of -1.79) than among
blacks (total price elasticity of —0.80).
When limiting the analysis to only
consuming households, however,
they found little impact of price on
consumption for either group. This
finding suggests that the impact of
higher prices in reducing smoking
in South Africa is limited to reducing
prevalence. However, the estimates
they obtained may be biased due to
the likely endogeneity of price in their
models.

Van Walbeek (2002) considered
smoking prevalence and the
percentage of total income spent
on cigarettes by income quartile for
two periods, 1990 and 1995. The
data were obtained from Income and
Expenditure Surveys that are used
to determine the weightings of the
CPI (consumer price index) basket.
Van Walbeek (2002) considered the
expenditure patterns of approximately
15 000 urban households. In a
subsequent study, he expanded
the period to include the year 2000.
He found that the percentage of
households that bought cigarettes
decreased from 49% in 1990 to 30%
in 2000 (Van Walbeek, 2005). This
was a period in which the real price
of cigarettes increased by more than
100%. He found that the percentage
of households in the poorest income
quartile that bought cigarettes
decreased from 46% to 22% while
among the richest income quartile
that percentage decreased from 43%
to 34%. He concludes that the poor
are significantly more price sensitive
than the rich in consuming cigarettes.

Nassar (2003) estimated the price
elasticity of tobacco use in Egypt,
using data from 1995-96 and 1999—
2000 household expenditure surveys.
In addition to overall price elasticity
estimates, she produced similar
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estimates for a variety of population
subgroups based on urban/rural
location, income and education,
using average unit values that were
derived from the self-reported price
data. She estimated an overall price
elasticity of —0.40 for tobacco use
in Egyptian households, finding little
difference in price elasticity for urban
and rural households (elasticities of
-0.41 and -0.39, respectively), while
generally finding that tobacco use
is less price inelastic among lower-
income, less-educated households
than higher-income, more educated
households.

The Americas. For low- or middle-
income counties in the Americas, only
one study on the effects of price on
adult tobacco use based on survey
data was identified. Jiménez-Ruiz and
colleagues (2008) examined cigarette
demand in Mexico, using data from
multiple waves of the National
Household  Expenditure  Survey
conducted from 1994 through 2005
and applying two-part models for
demand. To account for the potential
endogeneity of price, they used
average prices derived from self-
reported information on consumption
expenditures and  consumption
quantities, stratified by household
location (state and rural/non-rural)
and income quintile. Jiménez-Ruiz
and colleagues (2008) found little
impact of price on households’
smoking prevalence (elasticity of
-0.06), with a much greaterimpact on
consumption in smoking households
(elasticity of —0.45).

Summary

Over the past decade, at least 28
studies have used individual or
household survey data to assess
the impact of prices on adult
tobacco use in low- and middle-
income countries. Given the limited

geographic differences in prices and
the considerable variability in the
availability and prices of different
tobacco products and brands in
these countries, as well as the
reliance on self-reported information
on expenditures or/and prices in
many of these studies, researchers
conducting these demand analyses
have faced several challenges in
estimating price elasticities. As a
result, they have applied a variety
of different approaches in their
modelling, overcoming to the extent
possible the potential measurement
errors and endogeneity biases they
faced.

Despite these challenges and
the problems that are likely to remain
in many of the studies, this growing
body of research consistently
demonstrates that higher taxes
and prices lead to reductions in
tobacco use. There are considerable
differences across countries in terms
of the estimated price elasticities.
Some studies indicate that price
has limited impact on prevalence
of tobacco use, while significantly
reducing tobacco  consumption
among users. Others find price to
have large effects on prevalence but
more limited impact on amount used,
and still others discover that both
prevalence and intensity of tobacco
use are reduced by higher tobacco
prices. While the point estimates vary
considerably, they generally imply that
adult demand for tobacco products
in low- and middle-income countries
is at least as sensitive to price, and
often more sensitive to price, than it
is in high-income countries. Studies
that produce price elasticity estimates
that are less elastic tend to come
from countries where cigarettes are
very inexpensive or affordability has
increased significantly over time
(most notably recent studies for China
and the Russian Federation).

Systematic review of the
scientific literature: Impact
of price on adult cessation

Agrowing number of studies consider
the impact of higher tobacco taxes
and prices on cessation of tobacco
use among adults. Given the variety
of available data and the extensive
cross-sectional and intertemporal
variation in taxes and prices, much
of the work on cessation also uses
data from the USA. A few studies
use data from other high-income
countries, such as Canada, the
United Kingdom, France and
Spain. Only one study to date uses
data from a low- or middle-income
country, Viet Nam. These studies
are summarized in Table 5.2 and
are described below (see Chapter 6
for studies that focus on cessation
among young people).

Most of these studies use one
of three basic designs: analysis
of cross-sectional data  with
retrospective information on when
an individual quit; analysis of cross-
sectional data with information on
recent quit attempts or interests in
quitting; or analysis of longitudinal
data with information on tobacco use
behaviours over time. Two potential
problems arise in the analysis of
retrospective data on cessation:
first, there may be measurement
error in the cessation measure due
to imperfect recall of the age at
which an individual quits; second,
there may be measurement error
in prices that were matched to the
survey data, given the problems with
the timing of quitting as well as the
possibility that a survey respondent
has moved since quitting. In
general, these problems will be
less significant than when using
retrospective data on initiation, as
described more fully in the next
chapter, given that quitting will be
much more recent than initiation.

183



IARC Handbooks of Cancer Prevention

}Inb 0} siayows ajeAlow
0} pUE UOI}ESSaD
9sealJou| 0} pasn aq

ueo saold ayjalebio
Jaybiy jeyy oy poddns
Spus| s)nsal ayl
ueoyubls Ajjeonsneis
19M s|apow 339 a8y}
wouj pauiejqo aopd
|eula)xa ay} Jo sejewsa
jus101Y4900 8y} AluO
Buminb |enjoe jo
pooyl|sxi| 8y} peseasoul
sooud apeiebln

75000
puUe £000'0 :I[e49A0
S|gpow 339 8y} wou}
S9jewl}sa Jualdl}jaod
G000

01 6000°0 :I[e49A0
S|epow SO 8y} Wwouj
$8)BWIISS JUBIDIe0D

xey ur abueyd (1)

aoud

|leusayxa ul abuey) (1)
ao1d pajiodal

J18s ur ebuey) (1)

1:901ld

(sebeys aa1y}

ojul pasde||0d) [enplApul
ue jo abejs uonessa)

UoI}oIppPE BUIJOdIU 10}
pajuUN0ooE Blowlay}ny
|spow paiyi 8y L
‘Buiows jo ysi yjeay
ay} jo abpajmouy Joy
pajsnipe Jayyiny |opow
puooas 8y ‘se|qelieA
2]WOU0D80I00S pue
olydelsBowap papnjoul
AJjuo jepouw jsejdwis
‘Jsdiy 8YL "s|apow sy} ul
papn|oul s8jelenod Jo
Jaquinu 8y} 0} Buipioooe
paJapisu0d aiem sjapowl
339 pue S0 Jusleyia
uolessao Bupjows

Joj sjgpow (339)
suonenb3 Bunewnsy
pazijessusn (7)

awn

1910 8b6Ej}s uolessao

ur ebueyo 10y S0 (1)

sa}ja.eb10 Jo yoed

e Jo 9914d |eal abeliane
|oA8|-B)e)}S :80lid
[SEENT

0002=N

'eo :a|dwes |euipnybuoT
s|apow uo Buipuadap
€.65—¥0€G=N

:a|dwes Apnis

(L anem je

ZSEP=N) SoAem 921y} oY)
ul pamalAIaiul Ajlenuue
slayows }npe jo
sa|dwes aAljejuasaidal
Jeuolnjeu ayj uo

paseq alam spoyoD
(¥00z PuE €002 ‘2002
(D1I) AoAnung uonenjeng
Aolj0d |0J3U0D 09970
|euolnjeulaju] Jo SaAem
8auy}) ejep |euipnyibuo]

epeue) pue ysn
(1L02) 12 39 Ssoy

2020+ Jeak pue uoibal ‘awooul
G932 ‘snjejs |ejlJew ‘uoleonpa
86E€°0+ ‘aoel ‘abe ‘snjeis
y9-0v yieay ‘xas Joj paysnipy
vey 0+ s70(z 's10 (s1£ 812) €L0 000 L=N
6€-0¢ (1 :jopow yed-omy v (1t :a|dwes sisAjeuy
€670+ s10 (000z-€661)
6281 GLE0+ uoisoep Bupunb  ejdwis v (1 :palopIsuod  SS4Yg Woly sAeAINs g) vsn
(s1eak ul) abe Ag [TEIET NG :9|qeleA Juapuadaq 9JoM s|apowl OM| |EUOI}08S-SS0ID (8002) zuel4
(sihgz=) ¥5.8
uone[nbal |aAs) :9|dwes sisAleuy
-8}e}s B Jnoypm pue Y 080 ¢2¢=N
suonjeoyoads sajelenod buikien (SIHN)
aAljeula)|e sSOIoe Jsnqol -awi} pue aouspuadap AaAIns [BUOI}DOS-SSOID
sijeyy ynsas e ‘ooud  (uonenbaui soy pajjosjuod  (uonye|nbal oy pa|j0Iuod 1661 O} 561 WOl djels uoneinp pabbe| /861 9y} woJj salo}siy
a)ja1eb10 aininy ypum Bulaq Jaye) 0L Bulaq Jaye) g6°0- Yyoea Joy (sexe) Buipnjour) JUNOYJ. O}ul Uy e | 029Bq0} PajoNJ}suodal
Allenuelsgns sasealoul (eoud aimny ioy) Lg°L GO'L- yoed Jad saoud |eal Jopow uonelnp ajdwes wouy (aAjoadsoulal) vsSn
.piezey bunnd, Kyo13seje aolud Kyo13seje aolid abelane pajybiap ds j1qoide paiapio uy sisAjeue |euipnyibuo] (8661) selbnoq
vsn
(pa1opisuod ase (oopd jo (az1s ajdwes (Anunos

juswwo

suoneindodqns yoiym)
suone|ndod-qng

(Ay1o13sel9) synsas urey

uoniuyap) —jutodpusz

[9POW

pue ubisap Apnjs
‘pousad aw) spoyls |y

24K “aoyine) uonesiiqnd

uoljessad Bunjows uo as1id 333948619 JO }99448 9Y} UO S3lIpN}s Jo Alewwng "Z'G a|qeL

184



Tax, price and adult tobacco use

80°0+

uswom

£0°0+

uapy

Buneys jo Ayonse|3
pajsa)

0s|e a1am suoleodljoads
|opow jualisyid

pasn alem

yjoq jo abeiane pajyyblom
e pue ‘sajjaiebio puoiq
pue sapa.ebio yoe|q 1oy
sallas 9o1d Jualiayaq

(L00°0>d)
so|dwesqns yjoq 4oy
jueoyiubis Ajjeonsiels
9JOM SB}eWIISO YSIy

pazAjeue jou sieak

sso0Joe saxe} ul sabuey)
L'0L+ 0} LG+

13ND Xey JNOYIAN

€0L+01GC+

BUGR R

:s9oulnoid

Ul MaIAIBIUI JO BWI}

justayip Aqg ejes IND

05'}-
uswop

ze -

usyy

xas Ag

0992e(0} }oe|q jo 3arid
ayj} o} }0adsal yum
Buminb jo Ayonsel3

110'1=d0

0¢ ueyj 4opjo aby
/10'L=40 600°1=40
:0€-1Z eby uawom
G00°'L=40 100°L=40
aabunof Jo oz 8by uapy
abueu xas Aq ‘06-12
abe Aq uonessa)n pabe sjenpiAipul
ajdwes ||n4 jo ajdwesqns 104

no
SOXe} Jnoyym saosuinoud
*SA }ND JOU 9JOM SOXE}
alaym saouinold uj
(%€°0L 'SA %2°0L)
so)el uolessad JaybiH

310402 ypiq

pue pualy awy ‘sajoljod
000BQ0} 10} S8IWNp
‘uolyeonpa Joj paysnipy
uonnqLIsIp [INQIapA 83
yym |epow uonejndod
y|ds onsibol-6o| v

sapalebio
02 J0 201d |eay

0G—1¢z pabe uswom
pue uaw Joj A|gjesedas
possasse sem Uoljessa)
(eoud

pue ‘pooyjualied ‘zabe
‘abe) sa|qelsen Buikien
-auwil} Joj pue ‘(uoneniul
Bunjows jo abe pue
uofeonpa ‘1apuab)
S9|gelIeA JUB)SUOD
-awiy 10} paysnipy
uoissalbal o1si60|
:uonessao Bupjows jo
|opow pJezey awi]

%1 Aq @o14d Ul 8sealoul
ue usAIb uonessad

40 (40) ones sppo

sisAjleue
aAnduosep aldwis
sisAjeue uoissalbal
ajeleAlInw oN

sanonseld
J0 uofendwod oN

L18L=N ‘USWOM
G0E€C=N U\
:Buino
€166=N :UsWwop
C260/=N ‘US|
:Bunsels
(sdh
912) a|dwes sisAjeuy
MBIAIB)UI 80B}-0}-90B
G661 pue G661
‘€661 (ISNI) shening
MaIAJB)U| U)eaH [euoneN
sAaAins |BuUOI}OBS
-SS0JO WO} SBLI0ISIY
000B(0} PaJONIISU0IAI

wolj (aAnoadsoujal) uleds
sisAjeue jeurpnyiBuon (2002) sejooIN zedoT
ureds
Gg89 gl=u
(s1hgz-21
uoneindod youai4 ay}
Jo aAljejuasaldal Aonins
suoyds|a} v) (aH4)
Ja)pwWoleg yjesH youai4
Aanins |euol}08s-ss0Jd
6661 9} Wolj psjoesxe
ejep aAljoadsoulal Jo aouel
aAljoadslad 9sin02-3)17 ($002) 19¥eM-MeIad
souel
Kanins suoydajal
(s1h G12)
sjuspuodsal gL} L}
Jeak auo
dn-mojod (¥661) epeued
ul Bupjowsg uo Asaing
(annoadsonal) epeue)
[eutpnyibuo (2661) ‘Ie Jo uoyiweH
epeue)

salunod awosul-ybiy 19y3o

juswwon

(paJapisuod aie
suonendodqns yaiym)
suoneindod-qng

(Ay1o13s€]9) Sy}nsai uiep

(eo14d jo

uonulyep) - jutodpug [oPo

(oz1s ajdwes
pue ubisap Apnjs
‘porsad awn) spoyai

(A13unoo
24K ‘1oyine) uonesiignd

185



IARC Handbooks of Cancer Prevention

salenbs jsea| Aleulplo ‘70 ‘ABAINsS malAIB)ul Y)eay [euoleu ‘SIHN :‘Wa)sAs 8ou

AINS J0JOB} Y81 [BI0INBYD] ‘SSHYHE

slasn 000eqo}

ol}SNJ UBY} DAI}ISUSS
-901d alow aq o} Jeadde
slayows apaiebin

SEL0+

:000B(0} Ol3SNnJ }inb 0}
SUOISI0ap JO Sal)Iolised
99o11d ‘000Bq0} 21}SN JO
9o1id ur 8bueyo e uani9
Zve0-

:Bunjows anaiebio unb oy
SUOISI0ap JO Sal)Iolised
aoud ‘sapalebio jo

ao1d ul 8bueyod e uanl

090eqo} Buonpoud
spjoyasnoy wouy
paule}qo p|os 020eqo} JO
aoud pue sainypuadxa
099B(0} 21}SNJ pjoyasnoy
wouy payndwi a1om
86//661 Jedah 10} saoud
099B00] "SASAINS |9A9]
-aunwwo? ‘syesedas
wioJ) pajos||od (ejep 9dlid
099E(0} o13sNnJ Jo 9oud

ul pue saypa.ebio jo aoud
ul ‘ainjipuadxa ejdeo Jad
|eal ul 8661 Pue €661
uaamjaq sabueyd ‘€661
ul 099eqO0} o13sNJ Jo 9o1d
‘€661 Ul sapauebio Jo
aoud ‘uoneonpa ‘ge6L Ul
abe ‘ge61 Ul ainypuadxa
eydeo Jad |eas

:sa|qeleA Alojeue|dxg
SJasn 090eqO} oSN e (g
€661 Ul

siaows apalebio e (g
€661 Ul sioxows [le (|
:so|dwes

931y} IO} 8661 O} €661
w0} Snjejs asn 099eqo}
10 abueyo 10} suoissaibal
§60o| [elwoulynw aaiy |

puaJ} awiy

e pue ‘Bupjows |ejuaied
‘Ay1o1uy3e ‘uoneonpa
‘sse|o [e100s 1o} pajsnipy

002eq0}

anlsnl pue wmtmy_mm_o
:000eqO0}] JO SWIO) Om|
(s1eak 912) sejew 0119
86/.661

PpUE £6/266| SOAEBM
‘AanIng spiepuels
Buinr] wen JeIn

WeN 18IA
(r002) 4eIlEl09Q
% ueAeleujwxe

wep JeIn
S911j}UN0d SWODUI-3|PPIW puUE -MO|

€£006=N :9|dwes sisAleuy
uolnewJoyul Buipiodal-jes
s|enpiaipul buisn Aq eyep
Bupjows aaoadsoljey
€006=N

S9|B\\ PUB PUB}0OS
‘pue|bu3 ul spjoyasnoy

800+ Buminb Bupjows  ui Buial uonendod ey Jo

uawom 10} S|apow ||NqIaAN pue aAljejuasaidal (sIA gL2)

910+ 69°0- 0} L0~ Bunjows ewweb pazijeloua s)inpe jo s/ dwesg

uspy USWOAN Buminb jo Ayonseje xe| uoneniut  (SVH) Aeaing ajkysay

xas Ag €9°0- 0} L0~ sopalebio Bupjows 1oy jopow pue yjjeaH ysiug
Bunjows Buiyiels usy 69°0- 0} L0~ 10 9o1d |eas ay} 40y} uoijelnp yqoud o13s160| (¥861) wopbury payun
Jo saljolse|a xe| xas Ag ajdwes ||n4 Axoud :xey 020eqo| -60| uone|ndod-ydg Aonins |euonoas-ssoi) (1002) sauor B 48)si04
wopbury peyun
(pa1opisuod ase (oopd jo (az1s ajdwes (Anunos

juswwo

suoneindodqns yoiym)
suone|ndod-qng

(Ay1o13sel9) synsas urey

uoniuyap) —jutodpusz 1SPOW

pue ubisap Apnjs

:pojied ewpy) SPOYISW 1K ‘10yjne) uonesiqnd

uoljessad Bunjows uo as1id 333948619 JO }99448 9Y} UO S3lIpN}s Jo Alewwng "Z'G a|qeL

186



Tax, price and adult tobacco use

Similarly, the analysis of cross-
sectional data with information on
recent quit attempts or interest in
quitting will be usefulin understanding
how tax and price increases motivate
cessation, but will be of limited utility
in understanding their impact on
successful, long-term cessation.
Multiple waves of longitudinal data
are most useful for addressing this,
but few such data are available to
researchers.

Given the available data, the most
commonly employed design has been
the use of retrospective information
on smoking behaviour and cessation
constructed from cross-sectional
survey data. Douglas (1998) was
the first to use this approach,
constructing smoking histories from
the retrospective data collected in the
1987 US National Health Interview
Survey, with historical cigarette
prices matched to the survey on
the basis of each respondent’s
current state of residence. Using
ordered probit, split-sample duration
methods, Douglas (1998) modelled
cessation using the rational addiction
framework. He found that higher
prices significantly increased the
probability of cessation, with the
duration of smoking approximately
unitarily elastic (e.g. a 10% increase
in prices would reduce the duration
of smoking by 10%). In addition, he
found that the probability of quitting
rose with the duration of smoking,
consistent with the predictions of the
rational addiction model.

Forster and Jones (2001) applied
a similar approach to estimating the
impact of cigarette tax on smoking
cessation in the United Kingdom,
using  retrospective  information
from the 1984 British Health and
Lifestyle Survey. They studied men
and women separately, obtaining tax
elasticities for the number of years

of smoking before quitting of —0.60
for men and -0.46 for women in
their baseline models. A variety of
sensitivity analyses produce similar
elasticity ranges: —0.41 to -0.63 for
men and -0.41 to —0.69 for women.
Similar methods were employed by
Lépez Nicolas (2002) for Spain and
by Peretti-Watel (2004) for France.
Both studies similarly concluded that
higher cigarette prices increased the
probability of cessation.

Franz (2008) applied a related
approach to look at the impact of
cigarette prices on quitting in the past
year, using cross-sectional data for
the USA from the 1993 through 2000
Behavioural Risk Factor Surveillance
System surveys. He found that
cigarette prices were positively
associated with this measure of
cessation, with an estimated elasticity
of cessation of 0.375 (the higher the
price, the higher the probability of
having quit the previous year). In
addition, the elasticity estimate of
cessation fell with increasing age,
although it remained statistically
significant (the elasticity estimate for
the youngest group was more than
twice that of the oldest group; Franz,

2008).
Two studies have employed
longitudinal data taken from the

International Tobacco Control (ITC)
Policy Evaluation Project’s nationally
representative surveys of adult
smokers to examine the impact of
tax and price on cessation related
outcomes. Hyland and colleagues
(2006) used the first (late 2002)
and second (mid-2003) waves of
the US, United Kingdom, Canadian,
and Australian ITC surveys to look
at the effects of cigarette purchase
behaviours in wave one on the
likelihood of making a quit attempt
and the likelihood of having quit by
wave two. They found that smokers

who purchased cigarettes from a
low or untaxed source (e.g. from
duty-free shops, online vendors and
various other sources) were less
likely to have made a quit attempt or
to quit successfully between waves
than those who did not purchase
from these sources. This finding
suggests that the availability of
opportunities for tax avoidance and
evasion reduces cessation.

More recently, Ross and
colleagues (2011) used the first
three waves of the US and Canadian
ITC surveys to further explore the
role of price and related factors on
cessation outcomes. Using a five-
level “stages of change” measure of
quit intentions (pre-contemplation,
contemplation, preparation, action
and maintenance), they found that
smokers living in areas with higher
taxes and higher prices were
significantly more interested in
quitting. Similarly, they found some
evidence that increases in prices
resulted in increased motivation to
quit and higher prices increased the
likelihood of successful quitting. In
contrast to Hyland and colleagues
(2006), they found that the availability
of cheaper cigarettes did not deter
cessation, although smokers would
respond more aggressively in their

cessation efforts if lower priced
cigarettes were not as readily
available.

In the only cessation study
conducted in a low- or middle-
income  country, Laxminarayan

and Deolalikar (2004) used data
for the subset of households
participating in both the 1992-93
and 1997-98 waves of the Viet Nam
Living Standards Survey®. They
considered two forms of tobacco—
cigarettes and rustic tobacco—
and used price data collected from
separate, commune-level surveys,

3 Laxminarayan and Deolalikar (2004) also assess initiation with these data, as discussed in Chapter 6.
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with rustic tobacco prices in the
latter wave imputed because only
cigarette prices were collected at
that wave. They found little evidence
that higher cigarette prices lead to
cessation of cigarette smoking or
that higher prices of rustic tobacco
increase the probability of quitting
among rustic tobacco users. Their
findings indicated the occurrence of
product substitution in response to
increases in price; in this particular
instance, smokers switching from
manufactured cigarettes to the use
of rustic tobacco. However, this
finding may be the result of several
factors. The sample sizes used in
their models are relatively small.
Correlations in price changes over
time may reduce the precision of
their estimates. The use of imputed
rustic tobacco prices for one of the
two waves included in the analysis
can also bring about measurement
errors to the estimates.

Summary

Studies on the impact of tobacco
product taxes and prices on
cessation are relatively scarce. The
majority of these rely on retrospective
data on smoking histories collected
in cross-sectional surveys that
are subject to various sources of
measurement errors. Nevertheless,
the findings from the small but
growing body of research from high-
income countries are consistent
with the findings described above
for the impact of price on smoking
prevalence.  Specifically, these
studies consistently find that higher
cigarette prices are associated with
increased motivation to quit and
with successful cessation. The only
study from a low- or middle-income
country, using Vietnamese data,
does not reach similar conclusions,
which may be accounted for by data
limitations.

Systematic review of the scientific
literature: Impact of relative prices
on substitution among tobacco
product by adult tobacco users

Even fewer studies have used
survey data to examine the effects of
changes in the price of one tobacco
product relative to other tobacco
products on substitution between
these products by adult tobacco
users. Thisis likely due to the very low
prevalence of non-cigarette tobacco
product use in many countries, to
the lack of detailed data on use of
multiple tobacco products in the
same survey, and to the correlations
that exist between taxes and prices
for various tobacco products which
make it difficult to empirically sort
out the differential impact of each on
use. Most of the studies that have
examined the impact of changes in
relative prices on substitution have
been discussed above where findings
regarding the effects of own-price
on use were reviewed. This section
briefly reviews the limited existing
evidence on cross-price effects, with
Table 5.3 providing a summary of the
relevant studies.

Most of the evidence on cross-
price effects also comes from the
USA, with Ohsfeldt and colleagues
responsible for most of those studies
(Ohsfeldt and Boyle, 1994; Ohsfeldt
et al., 1997; Ohsfeldt et al.; 1999).
In their various papers, Ohsfeldt
and colleagues used data from
different waves of the Tobacco Use
Supplement to the Current Population
Survey augmented with data on
state-level cigarette and smokeless
tobacco taxes. As described above,
they consistently obtained negative
own-tax effects, with higher cigarette
taxes associated with reduced
cigarette use and higher smokeless
tobacco product taxes associated
with reduced use of snuff and
chewing tobacco. In their demand

models for cigarettes and smokeless
tobacco use, they included state-
level taxes on both cigarettes and
smokeless products to examine
cross-price effects on tobacco use.
While the point estimates vary from
study to study, they find consistent
evidence that higher cigarette taxes
encourage some substitution to
smokeless tobacco products, with
positive cross-tax elasticities for
smokeless tobacco use with respect
to cigarette taxes. In contrast, they
find little evidence in the opposite
direction: estimates for smokeless

tobacco taxes were generally
insignificant in models of cigarette
smoking.

Delnevo and colleagues (2004)
find similar evidence of substitution
between cigarettes and cigars based
on data from the 2001 and 2002 New
Jersey Adult Tobacco Use Surveys.
Their analysis takes advantage of a
significantincrease in the New Jersey
cigarette excise tax (from $0.80 per
pack to $1.50 per pack) between
the two waves of the survey, while
the tax on other tobacco products in
New Jersey was unchanged. They
found that the prevalence of cigar
use increased significantly from 2001
to 2002 among current cigarette
smokers, and even more so among
those who had recently quit smoking
cigarettes. Delnevo and colleagues
(2004) concluded that the changes
in cigar smoking were the result of
some cigarette smokers who had
switched to cigar use following the
significant increase in the relative
price of cigarettes in New Jersey.

To date, only three survey-based
studies of cross-price effects for
adult tobacco use exist for low- and
middle-income countries. In addition
to estimating the own-price effects
for cigarettes, bidis and leaf tobacco,
John’s (2008) analysis of tobacco
demand in India estimated cross-
price effects.
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In contrast to the evidence from
high-income countries, John (2008)
found no evidence that changes
in the relative prices of tobacco
products would result in substitution
from higher-priced to lower-priced
tobacco products. Instead, most of
his cross-price elasticity estimates
were negative, although few of
them were statistically significant,
suggesting complementarity among
these tobacco products in India.

In contrast, Laxminarayan and
Deolalikar (2004) found some
evidence of substitution between
cigarettes and rustic tobacco use in
their analysis of adult tobacco use
in Viet Nam. Specifically, they found
that higher cigarette prices resulted
in some substitution from cigarette
use to rustic tobacco use, but found
little impact of higher rustic tobacco
price on cigarette use. Similarly,
in his analysis of South African
tobacco prices and tobacco use, Van
Walbeek (2005) found evidence of
substitution in response to relative
price changes, at least in some
populations. Specifically, he found
strong evidence that the poor were
switching to pipe and other tobacco
(presumably to make roll-your-own
(RYO) cigarettes) much more often
than the rich as the price of cigarettes
went up relative to these products.
In 1990, the poorest quarter of the
population spent about 5% of their
tobacco purchases on pipe and other
tobacco; in 2000, this had increased
to 18%. Among the second-
poorest quarter of the population,
there was also an increase in the
relative consumption share of pipe
and other tobacco (from 2.4% to
7.1% of total tobacco expenditure).
However, among the richer half of the
population, the consumption share
of pipe and other tobacco remained
unchanged over this period.

Summary

The limited survey-based research on
cross-price effects in adult tobacco
use suggests that, at least in high-
income countries, tobacco products
are generally substitutes for one
another. An increase in the price
of one product relative to the price
of another product will lead some
users of products whose relative
prices increase to switch to products
whose relative prices fall. The even
scarcer research on this issue from
low- and middle-income countries
suggests that cultural differences may
be important in reducing cross-price
effects.

Systematic review of the scientific
literature: Attitudes, perceptions
and behaviours towards increases
of cigarette prices

Tables 54 and 5.5 summarize
findings on attitudes and perceptions
towards increases of cigarette prices
and willingness of smokers to quit in
response to increments of cigarette
prices, respectively. In these tables,
papers are sorted by country (USA,
other high-income countries, and
low- and medium-income countries)
and year of publication.

Attitudes and perceptions towards
increasing of cigarette prices

Table 5.4 gives a summary tabulation
of studies providing evidence on the
attitudes and perceptions of adults
towards increasing cigarette prices.
Studies were available from the USA
(Torabi et al., 1994; King et al., 2003;
Hamilton et al., 2005; Shelley et al.,
2007), Taiwan, China (Tsai et al.,
2003), Italy (Gallus et al., 2005; Gallus
et al., 2006), Germany (Hanewinkel
& Isensee, 2008), and New Zealand
(Wilson et al., 2010). These studies
were based on samples ranging

between 800 and 27 000 subjects that
in most cases were representative of
the corresponding target (state or
national) populations.

The key messages are that a
substantial proportion (i.e. generally
between a third and a half) of
the population would support tax
increases, and that such a support
becomes appreciably greater
(i.,e. 60-80% or more) whenever
such tax increases are devoted to
measures for tobacco control. A
study from New York City (Shelley
et al, 2007), based on focus
groups and qualitative information
on economically disadvantaged
population’s smoking and purchasing
responses to increases on tobacco
taxes, reported that a substantial tax
rise (e.g. US$5) increased intention
to quit but also increased smuggling.

In several studies, the support
for increased taxation was greater
in nonsmokers and in smokers
who were more educated, elderly
or less young. However, a study
that concerned African Americans’
attitudes did not consider a rise in
taxation unfair for African Americans
(King et al., 2003). At each level of
education, responders agreeing
with a tax increase represented the
most numerous group. A study from
Germany (Hanewinkel & Isensee,
2008) also showed growing support
for increasing taxation over the most
recent calendar periods (35% in
2002 to 42% in 2005).

Willingness of smokers
to quit according to increases
in cigarette prices

Table 5.5 gives summary findings
from studies on the willingness of
smokers to quit according to increases
in cigarette prices and taxation.
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Studies were available from the USA
(Biener et al., 1998), the Republic
of Korea (Chung et al., 2007, 2008)
and Taiwan, China (Lee, 2008) and
based on samples from 500 to 3000
subjects.

A study conducted in the USA
on 1783 adult smokers analysed
changes in smoking behaviour in
front of a hypothetical increase
of price. Lower-income smokers
were significantly more likely to
cut smoking costs (by switching to
cheaper brands or smoking less
cigarettes) or seriously consider
quitting than to not adjusting their
smoking behaviour in the face of
a tax increase (“no response”) as
compared to higher-income smokers
(Biener et al., 1998). Heavy smoking
was significantly and positively
associated with the probability of
cutting costs (OR = 2.08; 95% CI:
1.10-3.93) compared to no response.

Overall summary

A large and growing number of
studies have used individual-level
or household-level survey data to
assess the impact of tobacco product
taxes and prices on use of tobacco
products among adults. Studies have
used survey data to examine the
differential impact of tax and price
on tobacco use among population
subgroups defined by gender, age,
socioeconomic status and/or other
characteristics, as well as to assess
the separate effects of price on
different aspects of tobacco use, such
as prevalence, frequency, intensity,
initiation, uptake and cessation. The
relatively large literature from the
USA and other high-income countries
shows that adult smoking prevalence
and intensity are negatively related to
cigarette taxes and prices, with most
total elasticity estimates falling in the
range from -0.2 to —0.6. While the
quality of data and methods varies
more, estimates obtained in studies

from several low- and middle-income
countries generally confirm that
various aspects of adult tobacco use
are responsive to price, with higher
prices reducing both prevalence
and intensity of use. Several studies
from high-income countries have
examined adult smoking cessation,
generally finding that higher taxes
and higher prices reduce the duration
of smoking, raise interest in quitting,
boost quit attempts and increase the
number of smokers who successfully
quitsmoking. Finally, afew US studies
found similar effects of tax and price
on the use of other tobacco products,
such as smokeless tobacco and
cigars, and produced some evidence
of substitution among tobacco
products in response to changes in
the relative prices of these products.
In contrast, no clear patterns emerge
from the small number of studies
from countries other than the US that
consider substitution among tobacco
products in response to changes in
the relative prices of these products.

197



IARC Handbooks of Cancer Prevention

References

Adioetomo SM, Djutaharta T Hendratno
(2005). Cigarette consumption, taxation and
household income: Indonesia case study.
HNP Discussion Paper Series, Economics of
Tobacco Control Paper No. 26. Washington
DC, The World Bank.

Aristei D, Pieroni L (2009). Addiction, social
interactions and gender difference sin
cigarette consumption. Empirica, 36:245-272
doi:10.1007/s10663-008-9083-2.

Arunatilake N, Opatha M (2003). The economics
of tobacco in Sri Lanka. HNP Discussion Paper
Series, Economics of Tobacco Control Paper
No.12. Washington DC, The World Bank.

Becker GS, Murphy KM (1988). A theory of
rational addiction. J Polit Econ, 96:675-700
doi:10.1086/261558.

Berg GD, Kaempfer WH (2001). Cigarette
demand and tax policy for race groups in South
Africa. Appl Econ, 33:1167-1173.

Biener L, Aseltine RH Jr, Cohen B, Anderka
M (1998). Reactions of adult and teenaged
smokers to the Massachusetts tobacco tax. Am
J Public Health, 88:1389-1391.doi:10.2105/
AJPH.88.9.1389 PMID:9736885

Bilgic A, Florkowski W, Abbay C (2009).
Demand for cigarettes in Turkey: an application
of count data models. Empir Econ, 39:733-765
doi:10.1007/s00181-009-0320-8.

Bishop JA, Liu H, Meng Q (2007). Are Chinese
smokers sensitive to price? China Econ Rey,
18:113-121 doi:10.1016/j.chieco.2006.12.001.

Blough DK, Madden CW, Hornbrook MC (1999).
Modeling risk using generalized linear models.
J Health Econ, 18:153-171.d0i:10.1016/S0167-
6296(98)00032-0 PMID:10346351

Cameron L, Wiliams J (2001). Cannabis,
alcohol and cigarettes: substitutes or
complements. Econ Rec, 77:19-34
doi:10.1111/1475-4932.00002.

Centers for Disease Control and Prevention
(CDC) (1998). Response to increases in
cigarette prices by race/ethnicity, income,
and age groups—United States, 1976-1993.
MMWR Morb Mortal Wkly Rep, 47:605-609.
PMID:9699809

Chaloupka FJ (1990). Men, women, and
addiction: the case of cigarette smoking. NBER
Working Paper Series. Working Paper #3267.
Cambridge, MA, National Bureau of Economic
Research.

Chaloupka FJ (1991). Rational addictive
behavior and cigarette smoking. J Polit Econ,
99:722-742 doi:10.1086/261776.

Chaloupka FJ (1992). Clean indoor air laws,
addiction and cigarette smoking. Appl Econ,
24:193-205 doi:10.1080/00036849200000118.

Chaloupka FJ, Warner KE (2000). The
Economics of Smoking. In: Culyer AJ,
Newhouse JP, eds., Handbook of Health
Economics Volume 1B. Handbooks in
Economics 17. Oxford, UK, Elsevier, Chapter
29; 1539-1627.

Chang HH, Chiang TL (2009). Depressive
symptoms, smoking, and cigarette price
elasticity: results from a population-based
survey in Taiwan. Int J Public Health,
54:421-426.d0i:10.1007/s00038-009-0080-4
PMID:19795096

Chung W, Lee S, Shin K et al. (2008). [Analysis
of willingness-to-quit cigarette price among
Korean male adults]. J Prev Med Public Health,
41:136-146.d0i:10.3961/jpmph.2008.41.3.136
PMID:18515989

Chung W, Lim S, Lee S et al. (2007). [The
effect of cigarette price on smoking behavior
in Korea]. J Prev Med Public Health, 40:371—
380.d0i:10.3961/jpmph.2007.40.5.371
PMID:17917485

Cox D (1972). Regression models and life
tables (with discussion). J R Stat Soc [Ser A],
34:187-220.

Cragg JG (1971). Some statistical models for
limited dependent variables with application to
the demand for durable goods. Econometrica,
39:829 doi:10.2307/1909582.

Deaton A (1988). Quality, Quantity, and
Spatial Variation of Price. American Economic
Association, 78:418—-430.

DeCicca P, McLeod L (2008). Cigarette taxes
and older adult smoking: evidence from recent
large tax increases. J Health Econ, 27:918—
929.d0i:10.1016/j.jhealeco.2007.11.005
PMID:18178277

Delnevo CD, Hrywna M, Foulds J, Steinberg
MB (2004). Cigar use before and after a
cigarette excise tax increase in New Jersey.
Addict Behav, 29:1799-1807.doi:10.1016/j.
addbeh.2004.04.024 PMID:15530722

Dinno A, Glantz S (2009). Tobacco control
policies are egalitarian: a vulnerabilities
perspective on clean indoor air laws,
cigarette prices, and tobacco use disparities.
Soc Sci Med, 68:1439-1447.doi:10.1016/].
socscimed.2009.02.003 PMID:19282078

Douglas S (1998). The duration of
smoking  habit. Econ Inq, 36:49-64
doi:10.1111/].1465-7295.1998.tb01695 .x.

Evans W, Ringel J, Stech D (1999). Tobacco
taxes and public policy to discourage smoking.
In: Poterba JM, ed., Tax Policy and the
Economy, Vol.13. Cambridge, MA, MIT Press,
1-56.

Evans WN, Farrelly MC (1998). The
compensating behavior of smokers: taxes,
tar, and nicotine. Rand J Econ, 29:578-595.
doi:10.2307/2556105 PMID: 11794360

Farrelly MC, Bray JW, Pechacek TF, Woollery
T (2001). Responses by adults to increases
in cigarette prices by sociodemographic
characteristics. Southern Economic Review,
68:156-165 doi:10.2307/1061518.

Farrelly MC, Engelen M (2008). Cigarette
prices, smoking, and the poor, revisited. Am
J Public Health, 98:582-583, author reply
583-584.d0i:10.2105/AJPH.2007.132647
PMID:18309115

Farrelly MC, Nimsch CT, Hyland A, Cummings
M (2004). The effects of higher cigarette prices
on tar and nicotine consumption in a cohort
of adult smokers. Health Econ, 13:49-58.
doi:10.1002/hec.820 PMID:14724893

Forster M, Jones AM (2001). The role of
tobacco taxes in starting and quitting smoking:
duration analysis of British data. J R Stat Soc
Ser A Stat Soc, 164:517-547 doi:10.1111/1467-
985X.00217.

Franks P, Jerant AF, Leigh JP et al
(2007). Cigarette prices, smoking, and the
poor: implications of recent trends. Am J
Public  Health, 97:1873-1877.d0i:10.2105/
AJPH.2006.090134 PMID:17761576

Franz GA (2008). Price effects on the
smoking behaviour of adult age groups.
Public Health, 122:1343-1348.d0i:10.1016/j.
puhe.2008.05.019 PMID:18951594

Gallet CA, List JA (2003). Cigarette demand:
a meta-analysis of elasticities. Health
Econ, 12:821-835.d0i:10.1002/hec.765
PMID:14508867

Gallus S, Colombo P, Apolone G et al.
(2005). A tax to prevent the epidemic of lung
cancer. Lancet, 366:288.d0i:10.1016/S0140-
6736(05)66974-7 PMID:16039324

Gallus S, Fernandez E, Pacifici R et al. (2006).
Channels of cigarette distribution, price and
tobacco consumption in ltaly. Prev Med,
42:132-134.d0i:10.1016/j.ypmed.2005.11.003
PMID:16375955

198



Tax, price and adult tobacco use

Gallus S, Tramacere |, Boffetta P et al. (2011).
Temporal changes of under-reporting of
cigarette consumption in population-based
studies. Tob Control, 20:34-39.doi:10.1136/
tc.2009.034132 PMID:20861005

Gallus S, Tramacere |, Zuccaro P et al. (2008).
Attitudes and perceptions towards increasing
cigarette price: a population-based survey
in ltaly. Prev Med, 47:454—455.doi:10.1016/j.
ypmed.2008.07.002 PMID:18675297

Garcia J, Labeaga J (1996). Alternative
approaches to modelling zero expenditure:
an application to Spanish demand for
tobacco. Oxf Bull Econ Stat, 58:489-506
doi:10.1111/j.1468-0084.1996.mp58003004.x.

Gardes F, Starzec C (2004). Are tobacco and
alcohol expenditures price elastic? The case of
Poland consumption. Paris, Université Paris |
Panthéon Sorbonne and CNRS-Team, Insee.

Gospodinov N, Irvine | (2009). Tobacco taxes
and regressivity. J Health Econ, 28:375-
384.d0i:10.1016/j.jhealeco.2008.10.010
PMID:19091432

Gruber J, Sen A, Stabile M (2003). Estimating
price elasticities when there is smuggling: the
sensitivity of smoking to price in Canada. J
Health Econ, 22:821-842.doi:10.1016/S0167-
6296(03)00058-4 PMID:12946461

Guindon GE, Perucic A-M, Boisclair D (2003).
Higher tobacco prices and taxes in South-
East Asia: an effective tool to reduce tobacco
use, save lives and generate revenue. HNP
Discussion Paper Series, Economics of
Tobacco Control Paper No. 11. Washington
DC, The World Bank.

Hamilton VH, Levinton C, St-Pierre Y, Grimard
F (1997). The effect of tobacco tax cuts on
cigarette smoking in Canada. CMAJ, 156:187—
191. PMID:9012719

Hamilton WL, Biener L, Rodger CN (2005).
Who supports tobacco excise taxes? Factors
associated with towns’ and individuals’ support
in Massachusetts. J Public Health Manag
Pract, 11:333-340. PMID:15958933

Hanewinkel R, Isensee B (2008). Opinion
on tobacco tax increase: factors associated
with  individuals’ support in  Germany.
Health  Policy,  86:234-238.d0i:10.1016/j.
healthpol.2007.10.009 PMID:18054110

Harris MN, Zaho X (2007). A zero-inflated
ordered probit model, with an application
to modelling tobacco consumption. J
Econom, 141:1073-1099 doi:10.1016/j.
jeconom.2007.01.002.

Heckman JJ (1979). Sample selection bias as
a speciation error. Econometrica, 47:153-161
doi:10.2307/1912352.

Hersch J (2000). Gender, income levels, and
the demand for cigarettes. J Risk Uncertain,
21:263-282 doi:10.1023/A:1007815524843.

Hu TW, Ren QF, Keeler TE, Bartlett J (1995).
The demand for cigarettes in California and
behavioural risk factors. Health Econ, 4:7-14.
doi:10.1002/hec.4730040102 PMID:7780529

Hyland A, Laux FL, Higbee C et al. (2006).
Cigarette purchase patterns in four countries
and the relationship with cessation: findings
from the International Tobacco Control (ITC)
Four Country Survey. Tob Control, 15 Suppl
3;iii59-iii64.d0i:10.1136/tc.2005.012203
PMID:16754948

IARC (2008). Measures to assess the
effectiveness of tobacco taxation. In: JARC
Handbooks of Cancer Prevention, Tobacco
Control, Volume 12: Methods for Evaluating
Tobacco Control Policies. Lyon, International
Agency for Research on Cancer, 189-213.

Jha P, Chaloupka FJ (1999). Curbing the
epidemic. Governments and the Economics
of Tobacco Control. Washington D.C., World
Bank.

Jiménez-Martin S, Labeaga JM, Lopez A (1998).
Participation, heterogeneity and dynamics in
tobacco consumption: evidence from cohort
data. Health Econ, 7:401-414.doi:10.1002/
(SIC1)1099-1050(199808)7:5<401::AlD-
HEC361>3.0.C0O;2-2 PMID:9753375

Jiménez-Ruiz JA, Séenz de Miera B,
Reynales-Shigematsu LM et al. (2008). The
impact of taxation on tobacco consumption in
Mexico. Tob Control, 17:105-110.d0i:10.1136/
tc.2007.021030 PMID:18285383

John RM (2008). Price elasticity estimates
for tobacco products in India. Health Policy
Plan, 23:200-209.doi:10.1093/heapol/czn007
PMID:18424474

Jones A (1989). The UK demand for cigarettes
1954-1986, a double-hurdle approach. J
Health Econ, 8:133-141.doi:10.1016/0167-
6296(89)90012-X PMID:10293368

Jones A, Yen S (2000). A box-cox double-
hurdle model. The Manchester School,
68:203-221 doi:10.1111/1467-9957.00190.

Karki YB, Pant KD, Pande BR (2003). A
study on the economics of tobacco in Nepal.
HNP Discussion Paper Series, Economics of
Tobacco Control Paper No.13. Washington DC,
The World Bank.

King G, Mallett RK, Kozlowski LT, Bendel RB
(2003). African Americans’ attitudes toward
cigarette excise taxes. Am J Public Health,
93:828-834.d0i:10.2105/AJPH.93.5.828
PMID:12721152

Krasovsky K, Andreeva T, Krisanov D et
al. (2002). Economics of tobacco control in
Ukraine from the public health prespective.
Kiev, Alcohol and Drug Information Centre.

Kyaing NN (2003). Tobacco economics in
Myanmar. HNP Discussion Paper Series,
Economics of Tobacco Control Paper No.14.
Washington DC, The World Bank.

Kyaing NN, Perucic A-M, Rahman K (2005).
Study on poverty alleviation and tobacco
control in Myanmar. HNP Discussion Paper
Series. Economics of Tobacco Control Paper
No.31. Washington DC, The World Bank.

Labeaga JM (1999). A double-hurdle rational
addiction model with heterogeneity: estimating
the demand for tobacco. J Econom, 93:49-72
doi:10.1016/S0304-4076(99)00003-2.

Lance PM, Akin JS, Dow WH, Loh CP (2004).
Is cigarette smoking in poorer nations highly
sensitive to price? Evidence from Russia and
China. JHealth Econ, 23:173-189.d0i:10.1016/j.
jhealeco.2003.09.004 PMID:15154693

Laxminarayan R, Deolalikar A (2004). Tobacco
initiation, cessation, and change: evidence
from Vietnam. Health Econ, 13:1191-1201.
doi:10.1002/hec.932 PMID:15386650

Lee JM (2008). Effect of a large increase
in cigarette tax on cigarette consumption:
an empirical analysis of cross-sectional
survey data. Public Health, 122:1061-
1067.d0i:10.1016/j.puhe.2007.12.013
PMID:18602655

Lee JM, Hwang TC, Ye CY, Chen SH (2004).
The effect of cigarette price increase on the
cigarette consumption in Taiwan: evidence
from the National Health Interview Surveys
on cigarette consumption. BMC Public
Health, 4:61.doi:10.1186/1471-2458-4-61
PMID:15598345

Lewit EM, Coate D (1982). The potential
for using excise taxes to reduce smoking. J
Health  Econ, 1:121-145.doi:10.1016/0167-
6296(82)90011-X PMID:10263952

Lopez AD, Collishaw NE, Piha TA (1994). A
descriptive model of the cigarette epidemic in
developed countries. Tob Control, 3:242-247
doi:10.1136/tc.3.3.242.

Lépez Nicolas A (2002). How important are
tobacco prices in the propensity to start and
quit smoking? An analysis of smoking histories
from the Spanish National Health Survey.
Health Econ, 11:521-535.d0i:10.1002/hec.745
PMID:12203755

Manning WG, Mullahy J (2001). Estimating
log models: to transform or not to transform? J
Health Econ, 20:461-494.doi:10.1016/S0167-
6296(01)00086-8 PMID:11469231

Mao Z, Sung HY, Hu T et al. (2007). Demand
for cigarette in China. In: Hu TW, ed., Tobacco
control policy analysis in China, Economics
and Health. World Scientific Publishing Co
Singapore, 129-157.

Mao Z, Yang GH, Ma JM (2003). Adult’s
demand for cigarettes and its determinants in
China. Soft Science of Health, 17:19-23.

Mao ZZ, Jiang J (1997). Demand for cigarettes
and factors affecting the demand: a cross
sectional survey. Chinese Healthcare industry
Management, 5:227-229.

199



IARC Handbooks of Cancer Prevention

Martin G, Steyn K, Yach D (1992). Beliefs
about smoking and health and attitudes
toward tobacco control measures. S Afr Med J,
82:241-245. PMID:1411820

Martin G, Yach D, Steyn K (1993). Determinants
of public opinion about tobacco tax increases.
S Afr Med J, 83:359-360. PMID:8211436

Mullahy J (1985). Cigarette smoking: habits,
health concerns, and heterogeneous
unobservables in an microeconometric
analysis of consumer demand. University of
Virginia, VA.

Nassar H (2003). The economics of tobacco
in Egypt: a new analysis of demand. HNP
Discussion Paper Series, Economics of
Tobacco Control Paper No.8. Washington DC,
The World Bank.

Ogloblin C, Brock G (2003). Smoking in Russia:
the “Marlboro Man” rides but without “Virginia
Slims” for now. Comp Econ Stud, 45:87-103
doi:10.1057/palgrave.ces.8100001.

Ohsfeldt RL, Boyle RG (1994). Tobacco excise
taxes and rates of smokeless tobacco use in
the US: an exploratory ecological analysis. Tob
Control, 3:316—323 doi:10.1136/tc.3.4.316.

Ohsfeldt RL, Boyle RG, Capilouto E (1997).
Effects of tobacco excise taxes on the
use of smokeless tobacco products in the
USA. Health Econ, 6:525-531.doi:10.1002/
(SIC1)1099-1050(199709)6:5<525::AlD-
HEC300>3.0.CO;2-Y PMID:9353656

Ohsfeldt RL, Boyle RG, Capilouto E (1999).
Tobacco taxes, smoking, restrictions and
tobacco use. In: Chaloupka FJ, Grossman M,
Bickel WK, et al., eds., The economics analysis
of substance use and abuse: an integration
of econometrics and behavioral economic
research. Chicago, University of Chicago
Press, 15-29.

Onder Z (2002). The economics of tobacco in
Turkey: new evidence and demand estimates.
HNP Discussion Paper Series, Economics of
Tobacco Control Paper No. 2. Washington DC,
The World Bank.

Peretti-Watel P (2004). Pricing policy and
some other predictors of smoking behaviours:
an analysis of French retrospective data. Int
J Drug Policy, 16:19-26 doi:10.1016/j.drugpo.
2004.06.003.

Ross H, Blecher E, Yan L, Hyland A (2011).
Do cigarette prices motivate smokers to quit?
New evidence from the ITC survey. Addiction,
106:609-619.d0i:10.1111/].1360-0443.2010.
03192.x PMID:21059183

Sarntisart | (2003). An economic analysis of
tobacco control in Thailand. HNP Discussion
Paper Series, Economics of Tobacco Control
Paper No.15. Washington DC, The World Bank.

Sayginsoy O, Yurekli A, De Beyer J (2002).
Cigarette demand, taxation, and the poor: a
case study of Bulgaria. HNP Discussion Paper
Series, Economics of Tobacco Control Paper
No. 4. Washington DC, The World Bank.

Shelley D, Cantrell MJ, Moon-Howard J et al.
(2007). The $5 man: the underground economic
response to a large cigarette tax increase in
New York City. Am J Public Health, 97:1483—
1488.d0oi:10.2105/AJPH.2005.079921
PMID:17600270

Sheu ML, Hu TW, Keeler TE et al. (2004). The
effect of a major cigarette price change on
smoking behavior in california: a zero-inflated
negative binomial model. Health Econ, 13:781—
791.doi:10.1002/hec.849 PMID:15322990

Siahpush M, Wakefield MA, Spittal MJ et al.
(2009). Taxation reduces social disparities in
adult smoking prevalence. Am J Prev Med,
36:285-291.d0i:10.1016/j.amepre.2008.11.013
PMID:19201146

Slattery ML, Hunt SC, French TK et al. (1989).
Validity of cigarette smoking habits in three
epidemiologic studies in Utah. Prev Med,
18:11-19.d0i:10.1016/0091-7435(89)90050-9
PMID:2785267

Sloan FA, Trogdon JG (2004). The impact of
the Master Settlement Agreement on cigarette
consumption. J Policy Anal Manage, 23:843—
855.d0i:10.1002/pam.20050 PMID:15499706

Stehr M (2007). The effect of cigarette taxes
on smoking among men and women. Health
Econ, 16:1333-1343.d0i:10.1002/hec.1223
PMID:17335102

Stephens T, Pederson LL, Koval JJ, Kim C
(1997). The relationship of cigarette prices
and no-smoking bylaws to the prevalence
of smoking in Canada. Am J Public Health,
87:1519-1521.d0i:10.2105/AJPH.87.9.1519
PMID:9314807

Taal A, Kiivet R, Hu TW (2004). The economics
of tobacco in Estonia. HNP Discussion Paper
Series, Economics of Tobacco Control Paper
No. 19. Washington DC, The World Bank.

Tauras JA (2004). Public policy and some-day
smoking among adults. J App/ Econ, 7:137-162.

Tauras JA (2006). Smoke-free air laws,
cigarette prices, and adult cigarette demand.
Econ Inq, 44:333-342 doi:10.1093/ei/cbj028.

Torabi MR, McAllister L, Kotecki JE (1994).
Public opinion on tobacco use, its taxes
and public policy. Indiana Med, 87:134-138.
PMID:8176198

Tsai YW, Yang CL, Chen CS et al. (2005).
The effect of Taiwan’s tax-induced increases
in cigarette prices on brand-switching and the
consumption of cigarettes. Health Econ, 14:627—
641.doi:10.1002/hec.972 PMID:15791675

Tsai YW, Yen LL, Yang CL, Chen PF (2003).
Public opinion regarding earmarked cigarette
tax in Taiwan. BMC Public Health, 3:42.
doi:10.1186/1471-2458-3-42 PMID:14693036

Van Kinh H, Ross H, Levy D et al. (2006). The
effect of imposing a higher, uniform tobacco
tax in Vietnam. Health Res Policy Syst, 4:6.
doi:10.1186/1478-4505-4-6 PMID:16800880

Van Walbeek CP (2002). The distributional
impact of tobacco excise increases. S Afr J
Econ, 70:560-578.

Van Walbeek CP (2005). The economics of
tobacco control in South Africa. University of
Cape Town.

Wakefield MA, Durkin S, Spittal MJ et al.
(2008). Impact of tobacco control policies
and mass media campaigns on monthly adult
smoking prevalence. Am J Public Health,
98:1443-1450.d0i:10.2105/AJPH.2007.128991
PMID:18556601

Warner KE (1978). Possible increases in the
underreporting of cigarette consumption. J Am
Stat Assoc, 73:314-318 d0i:10.2307/2286658.

Wasserman J, Manning WG, Newhouse
JP, Winkler JD (1991). The effects of excise
taxes and regulations on cigarette smoking.
J Health Econ, 10:43-64.doi:10.1016/0167-
6296(91)90016-G PMID:10112149

Wilson N, Weerasekera D, Edwards R et al.
(2010). Characteristics of smoker support for
increasing a dedicated tobacco tax: national
survey data from New Zealand. Nicotine
Tob Res, 12:168-173.doi:10.1093/ntr/ntp178
PMID:20018943

Zhao X, Harris MN (2004). Demand for
marijuana, alcohol and tobacco: participation,
levels of consumption and cross-equation.
Econ Rec, 80:394-410 doi:10.1111/j.1475-
4932.2004.00197.x.

200





