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Abstract 

Essays on Global Youth Tobacco Use: The Role of Cigarette Prices and Regulation 

By Deliana Kostova 

 

The first chapter of this dissertation estimates the impact of cigarette prices on 

youth smoking in lower-income countries using data from the Global Youth Tobacco 

Survey (GYTS). Country-level heterogeneity is addressed with fixed effects and by 

directly controlling for confounding environmental factors such as local anti-smoking 

sentiment, cigarette advertising, anti-smoking media messages, and compliance with 

youth access restrictions. I find that cigarette price is an important determinant of both 

smoking participation and conditional demand. The estimated price elasticity of 

participation is -0.63. The likelihood of participation decreases with anti-smoking 

sentiment and increases with exposure to cigarette advertising. The estimated price 

elasticity of conditional cigarette demand is approximately -1.2. Neither anti-smoking 

sentiment, cigarette advertising, nor access restrictions have an impact on the intensity of 

smoking among current smokers, but exposure to anti-smoking media may reduce the 

number of cigarettes smoked. 

The second chapter investigates the impact of cigarette prices on smoking 

initiation and cessation among youth in developing countries using data from the Global 

Youth Tobacco Survey (GYTS).  The effect of price is identified by country fixed effects 

which control for unobserved environmental characteristics such as anti-smoking 

sentiment.  Three types of duration analysis are used to examine the sensitivity of the 

results with respect to empirical specification.  These are the discrete-time logit model, 

the Cox hazard model, and the split-population duration model.  Unlike the unsplit logit 

and Cox models which assume that all subjects have positive hazards of initiation 

(cessation), the split-population model allows for the possibility that for some individuals 

the hazard is zero.  A statistically significant impact of cigarette price on the initiation 

(cessation) hazards is identified in the split-population analysis but not by the logit and 

Cox models.  The conclusion is that individuals who are intrinsic non-smokers may not 

be as responsive to cigarette prices, so including them in the sample along with the 

potential smokers will attenuate the overall price effect.  After accounting for the 

probability that some people will never smoke and some smokers will never quit, the 

price elasticity of the hazard of starting smoking is estimated at -0.165.  The price 

elasticity of the hazard of quitting is estimated at 0.27. 
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Chapter 1 

 

1. Introduction 

 

Background 

 

Tobacco consumption has long been established as a leading cause of preventable 

death, with 100 million deaths attributed to it during the 20
th

 century, and nearly one 

billion deaths projected for the 21
st
 century (World Health Organization, 2008).  Today, 

the public health damage from tobacco is roughly similar in developed and developing 

countries, but the geography of smoking is shifting away from industrialized nations.  

Based on current trends, developing countries are expected to carry 78% of the world’s 

tobacco-related mortality by 2020 (Tobacco Control Country Profiles, 2003).   

The decline of smoking in developed countries has been accompanied by an 

increase in the presence of the tobacco industry in less restrictive markets like Asia, 

Africa, and Latin America.  In these emerging markets, restrictions on tobacco 

advertising or youth access are not always properly enforced, increasing the susceptibility 

of children and youth to the attractions of smoking.  It is estimated that, worldwide, one 

in seven teenagers smokes, and a quarter of them have tried their first cigarette before the 

age of 10 (The Tobacco Atlas, 2006).  Among lower-income countries, smoking among 

children ages 13 to 15 is particularly common in Eastern Europe and Latin America, 

where 2005 estimates of smoking prevalence in this age group are 14 and 12 percent, 

respectively (Global Youth Tobacco Survey (GYTS) 1999-2006).   
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Adolescents are a group of special interest to the global anti-tobacco effort 

because smoking habits are primarily established in youth.  The regional variation in 

youth smoking patterns worldwide is substantial and corresponds to variations in market 

characteristics, media influences, and cultural perceptions of smoking.  According to 

recent GYTS data, the lowest smoking rates occur in predominantly Muslim nations 

(mostly below 7%), where, coincidentally, the religion-based view of tobacco is 

unfavorable.  Similarly low rates are observed in most African countries, especially those 

with very low income per capita and a correspondingly poor market base.  On the other 

hand, regions where youth smoking is common (Eastern Europe and Latin America), 

have neither extremely low domestic income nor cultural prohibitions against smoking.   

Besides local market and cultural traits, other dimensions of the global youth 

smoking environment include the influence of the media and the accessibility of tobacco.  

These can vary depending on local legislation and the actual compliance with tobacco-

related restrictions.  In Poland, for example, where about 1 in 4 teens were reported to 

smoke in 2003 (GYTS 2003), cigarette sales to minors as well as tobacco advertising are 

fully banned.  Despite such strict legislation on paper, 45% of Polish GYTS respondents 

reported seeing cigarette advertisements and 62% reported no difficulty buying cigarettes 

in shops.  Clearly, there are multiple and often conflicting factors that come together in 

shaping global youth smoking patterns.  Separating and evaluating their individual effects 

is important in determining the best way to target this public health challenge.   

Given the importance of cigarette smoking as a leading cause of preventable 

death, much attention has been paid to the question of how to reduce smoking prevalence.  

The primary policy tools used for smoking deterrence are prices (in the form of taxation), 
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tobacco advertising restrictions, smoking restrictions, and various types of anti-smoking 

campaigns.  The effectiveness of these tools has been under evolving scrutiny ever since 

the harm from smoking was established, and research on the subject is extensive.  

Unfortunately, much of the literature has been affected by data limitations (omitted 

variables, econometric endogeneity) that may preclude consistent parameter estimation or 

affirmation of causal effects.  Data unavailability has also confined the existing literature 

to focus almost completely on the United States and, occasionally, other industrialized 

countries.  From a policy perspective this is a particularly weak point since developing 

nations, unlike First World countries, have increasing smoking prevalence - and may not 

have the same pattern of responsiveness to anti-smoking policies as the U.S. population.   

Although more research is needed to draw conclusions about the impact of 

tobacco control mechanisms in lower-income countries, such research has been hindered 

by the logistical difficulty of obtaining smoking data from developing regions.  Only 

recently has data on youth smoking in lower income countries become available through 

CDC/WHO’s GYTS.  GYTS data have considerable advantages as they are produced by 

standardized questionnaires for multiple countries and multiple years and provide rich 

information on youth smoking prevalences and environment.  However, these data have 

been mostly used in descriptive applications rather than vigorous policy evaluation due to 

the difficulty of obtaining cigarette prices for most GYTS countries and years.  Since 

policy evaluations are produced by models of cigarette consumption, which by standard 

economic definition require data on cigarette prices, unavailability of price data strongly 

interferes with the estimation of policy impacts.  This paper overcomes this limitation by 

using private cigarette price data from the Economist Intelligence Unit’s (EIU) World 
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Cost of Living Survey.  These price data are underutilized because they are costly and not 

publicly available, but they are an excellent source for local prices in many of the 

countries and years covered by GYTS. 

 

Goal and contributions  

 

The main goal of this research is to establish the level of price responsiveness of 

cigarette consumption among youth in low-to-mid-income countries.  A major 

econometric concern in this analysis is the probable presence of unobserved 

environmental characteristics that may influence both local prices and smoking patterns.  

If such unobserved characteristics are left unadressed, their effects would be picked up by 

the measure of price, resulting in overestimation of price elasticities, and/or would remain 

in the error term, leading to inconsistent estimates.  In either case, inference from such a 

model would be misleading with regards to policy decisions.   

The contributions of the paper are as follows.  First, this is the first study to 

investigate the price elasticity of youth cigarette demand in developing countries and thus 

to provide a global policy-relevant perspective on youth price responsiveness.  Second, it 

addresses the problem of unobserved heterogeneity very thoroughly and extends the 

identification methods beyond what has been done so far in the literature on US cigarette 

demand.  More specifically, the effect of price on cigarette demand is identified by 1) 

introducing area fixed effects, 2) including a measure of the local sentiment against 

smoking, and 3) including controls for major confounding environmental factors such as 
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the prevalence of cigarette advertising, the prevalence of anti-smoking media messages, 

and local compliance with minimum-age sale restrictions. 

To the best of our knowledge, this is the first study in the literature on smoking to 

discuss the responsiveness of youth smoking to policy-related factors like cigarette 

advertising, anti-smoking media campaigns, and youth access restrictions - while also 

controlling for the observed effectiveness of these policies.  For example, we control not 

just for whether or not cigarette advertising is permitted, but for how effective such 

advertising is in reaching an audience.  Similarly, we control not just for the nominal 

presence of bans on cigarette sales to minors, but we control for how effective such bans 

are in preventing youth from buying cigarettes.  We control not just for whether or not 

anti-tobacco campaigns are currently being run, but we control for the actual level of 

exposure to such campaigns.  Accounting for the effectiveness of smoking-related 

policies provides better information on policy effects than simply controlling for nominal 

policy presence, since presence alone does not necessarily reflect equal levels of 

enforcement or compliance across countries. 

A number of different specifications and estimation techniques are used as 

robustness checks.  All of the estimators seek to accommodate the atypical nature of the 

data where the vast majority of outcomes have zero value.  This is necessary since most 

of the surveyed individuals in the sample report zero cigarette consumption.  We compare 

results from the two-part model and one-part Tobit and zero-inflated Poisson (ZIP) 

models.  The preferred methodology is the two-part model, which is shown to be more 

appropriate using both statistical testing and economic theory.  The main conclusions of 

this paper are as follows. 
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We find that higher cigarette prices are effective in reducing both smoking 

participation and conditional cigarette demand (aka smoking intensity among current 

smokers).  The price elasticity of smoking participation ranges from -0.56 to -0.88 

depending on the specification.  The price elasticity of conditional demand is estimated to 

be approximately -1.2.  Price has a significant effect on participation and intensity even 

after anti-smoking sentiment, media exposures, access restrictions, and fixed country-

level unobservables are factored in.  Macro variables like anti-smoking sentiment, the 

local prevalence of cigarette advertising, and youth access restrictions are also shown to 

lower the likelihood of participation.  We estimate that perfect, as opposed to the 

currently sporadic, compliance with youth access restrictions in developing countries 

may cut participation rates by more than half.  Regarding conditional demand, we find 

that besides prices, few macro variables can influence smoking intensity among smokers.  

Sentiment, advertising, and access restrictions do not seem to affect smoking behavior 

once smoking is established.  However, there is evidence that increased prevalence of 

anti-smoking media messages may lead to slight reductions in both participation rates and 

smoking intensity. 

 

2. Literature review 

 

A defining characteristic of the existing research on youth smoking is that it is 

almost exclusively confined to the United States.  Very few studies investigate the price 

sensitivity of smoking for adolescents in lower-income countries, although there is one 

study (Lance et al 2004) which evaluates micro-level data from Russia and China.  Due 
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to the lack of international studies, most of this section will discuss research based on 

U.S. data. 

An important issue shared by most of the existing literature on U.S. youth 

smoking has been the difficulty of accounting for unobserved state-level heterogeneity, 

particularly state-level anti-smoking sentiment, that may be correlated with both prices 

and smoking patterns.  If the influence of such unobserved characteristics is ignored, their 

effects would be picked up by the measure of price, resulting in overestimated and 

inconsistent price elasticity estimates.  Only recently has work emerged that controls for 

regional variations in the public attitude toward smoking, either through fixed effects 

(DeCicca et al 2002, Carpenter and Cook 2008), or through direct inclusion of a state 

anti-smoking sentiment variable (DeCicca et al 2008, Carpenter and Cook 2008). The 

conclusions on the effect of prices in these studies have been contradictory, with DeCicca 

et al (2002, 2008) finding insignificant price effects and Carpenter and Cook (2008) 

finding repeatedly significant price effects. 

Among the earliest works to examine the determinants of smoking among youths 

and young adults are Lewit et al (1981) and Lewit and Coate (1982).  Using cross-

sectional analysis of micro-level data from national health surveys, both studies find that 

price is more likely to affect the decision to smoke than the quantity of cigarettes smoked.  

Lewit et al (1981) look at a younger age group than Lewit and Coate (1982) (12-17 year 

olds vs 20-25 year olds) and estimate a significantly higher price elasticity of cigarette 

demand for teenagers than young adults (-1.44 vs -0.89).  Both studies find that smoking 

in the younger age groups is more sensitive to prices as compared to older age groups. 
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Different results are obtained by Wasserman et al (1991) who find that the effect 

of prices on youth smoking participation and consumption is not significant regardless of 

age group.  A key feature of their analysis is the addition of a control for state anti-

smoking regulations, which they find to be highly effective in reducing smoking among 

teenagers.  However, the anti-smoking regulation variable in this study has been blamed 

for causing insignificant price elasticity estimates due to its high correlation with the 

price level (Chaloupka and Grossman 1996, Chaloupka and Wechsler 1995, Wasserman 

et al 1991).  It has also been criticized for being irrelevant to the teenage population since 

it gives much weight to smoking restrictions in private worksites (Chaloupka and 

Grossman 1996, Chaloupka and Wechsler 1995). 

Following up on their critique of the Wasserman et al (1991) study, Chaloupka 

and Wechsler (1997) and Chaloupka and Grossman (1996) provide additional estimates 

of the effect of prices and smoking restrictions on youth smoking.  Both studies use 

similar methodology, the two-part model of smoking participation and demand, but their 

samples differ in age - Chaloupka and Wechsler (1997) look at college students from the 

1993 Harvard Alcohol Study while Chaloupka and Grossman (1996) use high-school 

students from the Monitoring the Future project.  Unlike Wasserman et al (1991), both of 

these studies find large and significant price elasticities of cigarette demand even after 

controlling for smoking restrictions: -1.11 (Chaloupka and Wechsler 1997) and -1.31 

(Chaloupka and Grossman 1996).  These results confirm Lewit’s findings from the early 

1980s that youth smoking is very sensitive to prices and more so for youths than adults.  

In addition, both studies conclude that while restrictions on smoking in public places and 
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schools discourage smoking among youths, they do not dominate or eliminate the 

expected impact of prices. 

Other relatively recent studies that provide estimates of the price elasticity of 

cigarette demand include Tauras, Markowitz and Cawley (2005), Harris and Chan 

(1999), Tauras and Chaloupka (1999), Ross and Chaloupka (2003, 2004), and Czart et al 

(2001).  With the exception of Tauras, Markowitz and Cawley (2005) and Tauras and 

Chaloupka (1999), who are among the first to use individual fixed effects in this context, 

all of these studies employ the two-part model of smoking demand in a cross-sectional 

framework.  Although the empirical methods are similar, each of these studies contributes 

to the literature by offering price elasticity estimates from different datasets and by using 

different measures of price and/or public policies.  All of them agree that price has a 

negative and significant effect on youth smoking.  Czart et al (2001) look at a sample of 

college students from the 1997 Harvard Alcohol Study and examine the impact of 

campus-level tobacco restrictions in addition to prices.  They calculate a total price 

elasticity of -0.88 but find that the impact of campus-level anti-tobacco policies is 

inconclusive.  Harris and Chan (1999) use the 2002-03 Current Population Survey to 

provide price elasticity estimates by age group.  Their estimates agree with previous 

findings that the price sensitivity of cigarette demand steadily decreases with age.  They 

calculate price elasticities as large as -0.83 for teenagers and as small as -0.20 for young 

adults.  Tauras and Chaloupka (1999) utilize the panel nature of their young adult dataset 

obtained from the Monitoring the Future program. After controlling for individual fixed 

effects, they estimate a price elasticity of -0.79.  Ross and Chaloupka (2003, 2004) 

contribute to the literature by introducing a new measure of cigarette prices that reflects 
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the teenagers’ perception of the price.  This teen-specific price is constructed from self-

reported cigarette prices available from a 1996 high school survey, and represents what 

the respondents think cigarettes cost or what they would pay for the cigarettes of their 

choice.  In Ross and Chaloupka (2003), the estimate of the perception-adjusted price 

elasticity is higher than the list-price elasticity and ranges from -0.67 to -1.02.  However, 

the authors recognize that self-reported prices may suffer from endogeneity which could 

lead to over-estimation of the price effect as smokers choose cigarettes with lower prices.  

Ross and Chaloupka (2004) extend their 2003 study by controlling for public smoking 

restrictions and youth access restrictions, where the latter are constructed from actual 

compliance rates.  The perception-adjusted price elasticity estimates are similar to those 

produced in the 2003 study and range from -0.7 to -1.0.  The authors also confirm that 

compliance with youth access restrictions reduces smoking prevalence. 

Although all of the papers discussed so far provide valuable contributions to the 

economics of youth smoking, they do not account for the possibility that unobserved state 

heterogeneity in general and anti-smoking sentiment in particular may correlate with 

state-level taxes or tobacco regulations, leading to a spurious negative relationship 

between prices and smoking.  This drawback has not passed unrecognized by researchers, 

and most recent work addresses the omitted variables bias by either employing state fixed 

effects or explicitly including controls for state anti-smoking sentiment.  DeCicca et al 

(2002) use the 1998 National Education Longitudinal Survey to investigate the impact of 

prices on youth smoking participation in a cross-sectional framework, where state anti-

smoking sentiment is proxied by a number of state anti-tobacco policy measures.  In 

these cross sectional models, they compute price elasticities of participation of -2.03 for 
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the youngest sample, eighth graders, -1.31 for the tenth graders, and -0.72 for the twelfth 

graders.  In the same study, the authors also evaluate the price elasticity of smoking 

initiation using state fixed effects in a longitudinal framework.  In this case, they find that 

price has no significant effect on smoking initiation. 

In a subsequent study, DeCicca et al (2008) construct an explicit measure of state 

anti-smoking sentiment during the 1990s from the Tobacco Use Supplements of the 

Current Population Survey.  They include this new measure in cross-sectional models of 

youth smoking demand using data from the 1992 and 2000 National Education 

Longitudinal Studies.  The main conclusion is that the price effect on smoking 

participation disappears once state anti-smoking sentiment is directly controlled for.  

However, state anti-smoking sentiment is found to play a smaller role in the case of 

conditional demand, and the impact of prices on conditional demand can be significant 

depending on which survey cohort is evaluated.  In one of their cohorts, the price effect is 

not significant while the other cohort produces a price elasticity of conditional demand of 

-0.52.  The authors conclude that prices may indeed reduce smoking among youth who 

already smoke - but that the high price sensitivity of youth smoking participation and 

initiation reported by previous literature is overestimated and is a consequence of failing 

to account for the significant role of state anti-smoking sentiment. 

In an attempt to reproduce the DeCicca et al (2008) results, Carpenter and Cook 

(2008) evaluate the effect of prices on youth smoking participation using 1993-2005 data 

from the Youth Risk Behavior Surveys.  While their data source is different from 

DeCicca et al (2008), Carpenter and Cook (2008) use the same measure of anti-smoking 

sentiment as a control in a similar cross-sectional model of smoking participation.  Their 



12 

 

   

results contradict DeCicca et al (2008) by showing a statistically significant, albeit small, 

price elasticity of -0.14.  In the same study, the authors also present alternative estimates 

of the price elasticity of participation produced by state fixed-effects methods.  Again, 

they find a significant price effect and elasticities in the range of -0.23 to -0.56. 

The majority of the domestic literature on youth smoking has been limited by a 

failure to control for unobserved state heterogeneity.  The few studies that address this 

issue generate conflicting results regarding the impact of cigarette prices on youth 

smoking patterns.  The literature on youth smoking in developing countries, however, has 

even bigger limitations.  One example is reliance on aggregate data (Chapman and 

Richardson 1990).  Aggregate data such as average cigarette consumption per capita has 

major simultaneity issues when estimated as a function of price.  A recent study by Lance 

et al (2004) avoids this problem by using micro-level longitudinal surveys of individuals 

in a number of communities in Russia and China.  Lance et al (2004) estimate price 

elasticities for China and Russia using fixed effects methods to allow for unobserved 

community-level heterogeneity.  Their estimated price elasticity of teenage smoking is 

smaller than corresponding estimates for the U.S., ranging between 0 for China and -0.2 

for Russia.  However, their samples are restricted to relatively small numbers of males 

only, which may prevent extending the results to the general population. 

This research advances the literature on youth smoking in developing countries by 

introducing the first worldwide model of smoking demand.  It uses rich micro-level data 

from multiple countries over multiple years while building on empirical and 

methodological insights from an extensive U.S.-based literature on youth smoking.  

Drawing on previous domestic conclusions about the importance of unobserved 
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geographic heterogeneity, the study controls for unobserved country-level heterogeneity 

through fixed effects, and addresses the omitted variable bias by including controls for 

anti-smoking sentiment, media influences, and access restrictions.  To the best of our 

knowledge, it provides the most comprehensive picture of youth smoking demand and 

price sensitivity in the developing world. 

 

3. Data and variables 

 

The dataset is a combination of two main sources.  Micro-level data on individual 

characteristics and smoking behavior are obtained from the Global Youth Tobacco 

Survey (GYTS).  These are merged with country-level data on cigarette prices from the 

Economist Intelligence Unit’s World Cost of Living Survey (EIU).  This is the fist study 

to utilize GYTS data in combination with cigarette prices and is therefore an original 

analysis of youth’s smoking decisions as a function of price. 

The GYTS is a survey developed by the World Health Organization (WHO) and 

Centers for Disease Control and Prevention (CDC) to track tobacco use of young people 

across countries with a common methodology.  It has been conducted in 135 low-to-mid-

income countries from the six major world regions (Africa, Europe, Americas, Southeast 

Asia, Middle East, and Western Pacific) in various years from 1999 to 2006.  It captures 

prevalence, access, media exposure and attitudes related to tobacco use among 

individuals in school grades corresponding to ages 13 to 15, although in practice the age 

range of the survey is wider and covers individuals between the ages of 11 and 19. 
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The final datasets used in this analysis come in two sizes depending on the type of 

model applied to them, specifically depending on the type of fixed effects (FE).  Since 

price data are available for 47 GYTS countries, the maximum size of the sample for this 

study includes the individuals from the 47 countries with available cigarette prices.  All 

countries correspond to six world regions, and can be combined to form repeated region 

cross-sections to which region fixed effects can be applied.  The final region-level dataset 

contains data on 491,660 individuals from 6 regions, corresponding to 47 countries and 

159 local sites (i.e. cities/provinces).  Since only 20 of these 47 countries are surveyed in 

multiple years, repeated country-level cross-sections which would allow the use of 

country fixed affects are available from 20 countries only.  Therefore, the country-level 

dataset contains data on 349,930 individuals from 20 countries corresponding to 118 

local sites.  A list of the final set of countries, regions, and survey years is shown in Table 

1.  Based on the geographic location of each individual, it is possible to match the current 

smoking status and cigarette demand of each individual to the cigarette price that he/she 

is facing at that point in time, allowing us to model demand as a function of price and 

other relevant environmental and individual characteristics. 

 

Cigarette Prices 

 

Data on the price of cigarettes over time is obtained from the EIU World Cost of 

Living Survey.  This is a privately developed survey by the publishers of The Economist 

magazine.  It collects retail price data of a wide range of consumer products on a bi-

annual basis from multiple cities worldwide, including many developing countries.  
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Cigarette price data are available on two different brands, a locally popular brand and an 

imported brand, usually Marlboro.  Prices are collected from one or more cities in each 

country.  If for a particular country cigarette price data come from multiple cities, the 

averaged national price is used in this study.  Prices are in U.S. dollars based on the 

relevant exchange rate and are converted into real terms using the 2000 U.S. GDP 

deflator.  They are also adjusted using purchasing power parities (PPP) obtained from the 

World Bank’s World Development Indicators database.  The PPP adjusts prices for the 

local standard of living and allows for better price comparison between countries.  The 

lowest prices, on average, are found in Africa ($0.75 per pack), and the highest are in the 

Western Pacific (Singapore, $3.40).  In the primary analysis of smoking initiation and 

cessation, I use local-brand cigarette prices, but a sensitivity analysis using Imported-

brand prices is performed as well. 

The final dataset used in this research excludes many of the original GYTS 

countries due to unavailability of matching price data.  However, the geographic variation 

of price is increased by the fact that in some countries GYTS surveys were conducted in 

multiple local sites like cities or provinces.  Where the GYTS city survey site matches the 

EIU city survey site, local city prices are used instead of the nationally averaged price.  

This produces geographic variation of price within country for some countries. 

 

Individual-level variables 

 

Variables that have individual-level variation include the outcome variables (i.e., 

smoking participation and conditional cigarette demand) as well as some explanatory 
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variables that describe personal characteristics.  Smoking participation is a binary 

variable equal to 1 if the individual describes himself as a smoker and has smoked at least 

one cigarette in the past month.  Smoking participation varies across regions and 

countries.  The highest smoking prevalence rates are observed in Eastern Europe (16%) 

and Latin America (12%), although smoking intensity among smokers is considerably 

lower in Latin America than in Europe.  Some of the lowest prevalence rates are in 

countries in Africa and the Middle East (7%).  Conditional cigarette demand is defined as 

the average number of cigarettes consumed in the previous month for each current 

smoker.  Although the GYTS does not provide cigarette demand data in the form of a 

precise number of cigarettes smoked, demand can be approximately calculated from 

survey questions as follows.  The GYTS provides information, in categorical ranges, on 

the number of days that smoking occurred in the past month as well as the average 

number of cigarettes smoked daily.  With respect to smoking days, each respondent 

indicates if he has smoked on days in the past month, 1 to 2 days, 3 to 5 days, 6 to 9 days, 

10 to 19 days, 20 to 29 days, or all 30 days.  With respect to daily smoking intensity, each 

respondent indicates if on each of his smoking days he has smoked, on average, less than 

1 cigarette, 1 cigarette, 2 to 5 cigarettes, 6 to 10 cigarettes, 11 to 20 cigarettes, or more 

than 20 cigarettes.  Conditional cigarette demand is calculated as the midpoint of each 

person’s smoking days category multiplied by the midpoint of his average daily cigarettes 

category, providing an approximation for the intensity of smoking.  For the smokers in 

this sample, the range of average monthly cigarette consumption is 1.5 to 630 cigarettes. 

Besides the outcome variables, other variables that vary by individual are personal 

attributes such as age (Age), gender (Male), parental smoking status (Parental Smoking), 



17 

 

   

and availability of pocket money or personal income (Pocket Money).  Male is a binary 

variable equal to 1 if the subject is male.  The samples are relatively evenly represented 

by males and females, with the exception of Saudi Arabia where all survey participants 

are male.  The average age in all countries is about 14 years.  Pocket Money is a binary 

indicator equal to 1 if the subjects receives pocket money or personal income at the time 

of the interview.  Except for Africa, more than half of the sampled teens worldwide and 

almost three-quarters of the teens in Europe and the Western Pacific region reported 

receiving pocket money.  Parental Smoking is a binary indicator equal to 1 if one or both 

parents smoke at the time of the interview.  Parental smoking is most common in Europe, 

where 60% of the surveyed teens have a parent who smokes, followed closely by the 

Western Pacific. It is perhaps not a coincidence but rather an example of the income 

effect that parents who are more likely to provide pocket money to their children (as 

those in Europe and the Western Pacific) are also more likely to smoke. 

 

Environmental characteristics 

 

Variables that describe the local environment of each subject can vary by survey 

site and over time. These include the level of anti-smoking sentiment (Sentiment), the 

prevalence of cigarette advertising (Cigarette Advertising), the prevalence of anti-tobacco 

media messages (Anti-tobacco Media), and the observed effectiveness of minimum-age 

tobacco purchase policies (Youth Access Restrictions).  All of these are constructed from 

individual survey responses which are then used to produce aggregate measures on the 

site level. 
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Anti-smoking sentiment has been recognized in the domestic literature as an 

important predictor of local cultural attitudes toward smoking and of the smoking pattern 

itself.  Omitting anti-smoking sentiment from a model of smoking demand can be 

problematic when its effect remains in the error term, causing the error term to be 

correlated with both smoking status and cigarette prices.  In this paper Anti-Smoking 

Sentiment is defined as the percentage of non-smokers in the survey who favor bans on 

smoking in public places.  We base this measure on non-smokers only (as opposed to all 

survey participants including smokers) in order to eliminate the potential for endogeneity 

bias when smokers’ attitudes are included.  In the case of smokers, it is not clear if 

sentiment affects smoking or smoking affects sentiment, so sentiment would be 

endogenous to smoking.  Excluding the attitudes of the smokers from the measure of 

anti-smoking sentiment helps ensure that the relationship between sentiment and smoking 

is one-directional and that the sentiment variable is properly exogenous. 

The most smoking-friendly attitude is observed in the African region where only 

61 percent of the survey participants think smoking should not be allowed in public, 

followed by the Western Pacific region, where, for instance, only 39 percent of 

Phillippino participants have the same opinion.  Smoking is viewed much more 

negatively in the Middle East, where for example 95 percent of surveyed youth in 

Pakistan are against public smoking. 

Although excluding smokers from the calculation of Anti-Smoking Sentiment is 

expected to minimize the danger of endogeneity of the sentiment variable, we further 

address this concern by employing an alternative proxy for sentiment which is not 

derived from self-reported attitudes.  This alternative proxy is the strength of the 
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domestic tobacco industry (Tobacco Production).  The presumption is that countries with 

higher tobacco production may view smoking more favorably.  In this paper, the 

sentiment proxy is the annual production of tobacco leaf in tons per capita for each 

country, obtained from the Food and Agriculture Organization FAOSTAT database.  

Surprisingly, the simple correlation between the original Anti-Smoking Sentiment variable 

derived from GYTS and its proxy Tobacco Production has a positive sign, indicating that 

youth in countries with larger tobacco industries have a less permissive attitude toward 

smoking.  This is generally not the case in the US where states with heavier tobacco 

production have lower cigarette taxation, pointing to lower anti-smoking sentiment.  One 

possible explanation is that developing countries with more productive tobacco industries 

are more productive in general, have a higher income, a more educated population, and 

are more enlightened about the dangers of smoking.  Regardless of the actual sign of the 

relationship between Tobacco Production and Anti-Smoking Sentiment, we will employ 

Tobacco Production as a proxy for sentiment with the assumption that the two are 

sufficiently correlated. 

Another important site-specific variable in this analysis is the prevalence of 

cigarette advertising.  Cigarette Advertising is determined by the proportion of survey 

participants who have been recently exposed to cigarette ads on billboards, newspapers or 

magazines.  It provides an estimate of the likelihood of exposure to print media 

advertising and contains information on how effective local advertising is in reaching an 

audience and encouraging smoking.  The heaviest exposure to cigarette advertising is 

observed in Poland, Indonesia, and Argentina, where almost all participants (96%) had 

recently seen print media cigarette promotions.  The high advertising exposure in Poland 
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is surprising given the existence of a complete ban on cigarette advertising there, and 

illustrates the disparity between policy presence and policy compliance in some 

countries.  Least exposed to cigarette advertising are teens in Turkey (46%) but the 

average advertising exposure rate for the whole sample is fairly high at 86 percent.    

The prevalence of anti-tobacco media messages can be interpreted as a proxy for 

the enthusiasm of local efforts to reduce smoking.  Anti-Tobacco Media is determined by 

the proportion of responders who have been recently exposed to anti-smoking messages 

in broadcast and print media.  Anti-smoking messages reach the least number of teens in 

Africa (56% in Cote D’Ivoire, 72% average for the region), and the highest number of 

teens in Europe (100% in Greece, Hungary, Ukraine, and Kazakhstan, 94% average for 

the region).  It must be noted that a possible disadvantage associated with this variable is 

its potential correlation with both anti-smoking sentiment and price, as countries with 

lower tolerance for smoking may be more active in anti-tobacco campaigns and may 

impose more aggressive cigarette taxes.  This concern is addressed in greater detail in 

Section 5, where we look for evidence of multicollinearity.  Although Anti-Tobacco 

Media passes the conventional rule of thumb for sufficiently low collinearity, we also 

provide comparison estimates from specifications that exclude this measure. 

Finally, the observed effectiveness of policies against cigarette sales to minors 

(Youth Access Restrictions) controls for ease of access to cigarettes, and is calculated as 

the proportion of survey participants who recently tried to buy cigarettes but were turned 

away by vendors due to age.  Refusals to sell to minors occurred least frequently in 

Greece, where sales to minors are not regulated and only 10 percent of teen buyers 

reported difficulty buying cigarettes.  Another country with relatively unhindered youth 
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access to cigarettes is Turkey where only 15% of attempted underage buyers report being 

rejected by cigarette vendors.  However Turkey, unlike Greece, does have a minors sales 

ban and is therefore yet another example of an ineffective policy with low compliance.  

The highest level of compliance with the minors sales ban is in South Korea where 72% 

of attempted underage buyers report difficulty buying cigarettes.  For the sample as a 

whole, the average proportion of minors unable to buy cigarettes is 35%, which indicates 

that youth access restrictions have relatively weak enforcement in lower-income 

countries. 

It is important to highlight the fact that the last three variables discussed here 

(Cigarette Advertising, Anti-Tobacco Media, and Youth Access Restrictions) are 

constructed from individual response data and consequently represent levels of policy 

effectiveness or policy compliance as opposed to simply indicating the existence of a 

related policy.  This is an important distinction since the nominal presence of smoking 

policies like advertising bans or minors sale bans does not provide information on how 

well these policies are enforced in different countries.  Using variables that describe 

levels of policy effectiveness is a considerable methodological improvement over the 

usual binary policy indicator variables. 

Since different countries provide data from different years, it is necessary to 

account for a secular time effect that may influence smoking.  In particular, attitudes 

toward smoking may change independently over time as more health information 

becomes available and/or more schools in developing countries implement anti-tobacco 

education.  The independent effect of different time periods is accounted by a dummy 

variable for each year in the dataset. 
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As it frequently happens with individual-level data obtained from surveys, 

multiple observations are missing due to non-response or absent questionnaire parts.  

This is a nontrivial problem since missing observations from four major individually 

descriptive variables – Age, Male, Parental Smoking, and Pocket Money – add up to 20 

percent of the total number of observations.  Out of these, Pocket Money is missing most 

frequently due to absence of a related question in the survey questionnaires for some 

countries and years.  Since we cannot assume that these observations are “missing 

completely at random”, excluding them may lead to estimation bias.  We may assume, 

however, that the missing observations can be classified as “missing at random”, meaning 

that they can be explained by available data and therefore imputed.  This is especially 

obvious in the case of the pocket money variable, where most missing values can be 

explained by country and year.  We use the method of iterative imputation to fill in 

missing observations for Age, Male, Parental Smoking, and Pocket Money.  This method 

has been recognized to have advantage over alternatives such as substitution of missing 

values by the sample mean or regression methods, both of which can lead to 

underestimation of the standard errors and erroneously significant results (Schafer & 

Olsen 1998). 

 

4. Methods 

 

Since roughly 90% of the survey participants in the dataset are current 

nonsmokers, a defining characteristic of the dataset is the prevalence of zero outcomes.  I 

consider three types of econometric models, all of which reflect the skewness of the data 
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toward zero.  These are the two-part model, the Tobit model, and the zero-inflated 

Poisson model.  This section discusses each of these models, concluding that the two-part 

model is the preferred choice. 

  

4.1. Tobit 

 

When a large proportion of the observed outcomes is zero, linear models are 

inappropriate due to the possibility of obtaining negative predictions and due to the 

assumption of constant partial effects over the whole range of outcomes.  Tobit improves 

the linear model by allowing the marginal effects to differ by outcome and by precluding 

the prediction of negative outcomes. 

The Tobit model expresses the outcome y as 

y=max(0, Xβ+u) 

where X is a vector of explanatory variables, β is the parameter vector, and the error u ~ 

N(0,σ
2
). 

If y takes on a strictly positive value with probability P, then P(y>0) = P(Xβ+u) = 

Φ(Xβ/σ) where Φ is the standard normal cdf.  The strictly positive values of y come from 

a normal distribution with density ϕ. 

If di is an indicator variable denoting observation i as positive vs. zero, the 

parameters β and σ in the above model can be estimated by maximum likelihood using 

the following log-likelihood function:  
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While the Tobit model is an improvement over ordinary linear estimation, it has a 

significant drawback in assuming that both the positive outcomes (how much to smoke) 

and the zero outcomes (whether to smoke) come from the same decision making process 

(the normal distribution).  This forces the parameters to have the same sign and the same 

relative magnitude in the data generating processes of both the zero outcomes and the 

strictly positive outcomes.  To illustrate how this could be unnecessarily restrictive, 

consider the relationship between cigarette smoking and age. All things equal, older 

individuals are less likely to participate in or initiate smoking.  However, among those 

who already participate in smoking, older persons may be the heavier smokers, perhaps 

due to increased habit or addiction.  This possibility is not allowed in a Tobit model, 

where any variable which increases the probability of a positive outcome P(y>0) must 

also increase the mean of the positive outcomes E(y|y>0).  In addition, the Tobit model 

does not allow variation in the relative strengths of the parameters between the two 

decision processes.  In other words, the marginal effect of age relative to the effect of, 

say, price, would have to be the same in the estimations of both the decision to smoke 

and the subsequent decision of how much to smoke. 



25 

 

   

Due to the restrictive nature of Tobit, it is not entirely appropriate for modeling 

some zero-dominant datasets.  A better alternative is the two-part (hurdle) model, 

described below. 

 

4.2. Two-part model 

 

The two-part model can be viewed as an extension of the Tobit model which 

relaxes the assumption that the same mechanism governs both the decision to smoke and 

the decision how much to smoke.  In this model, these decision processes are independent 

(conditional on the explanatory variables) and can be determined by different factors if 

desired. 

In the two-part model, the zeros can come from a standard normal or logistic 

density while the positives can come from a separate density function which can be, for 

example, normal, log-normal, or Poisson.  Let us first consider the case where the 

probability of a zero outcome is generated by a standard normal, P(y=0) = 1 - Φ(Xβ),  and 

the positive outcomes are generated by a normal distribution with pdf ϕ(y|y>0).  The log-

likelihood function looks very similar to Tobit, but notice that the parameters β in the 

density for the positives are allowed to be different from the parameters  in the density 

for the zeros: 
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If the parameter vector β from the zero-generating process equals the parameter 

vector /σ from the positives-generating process, the above log-likelihood function 

reduces to Tobit.  It follows that Tobit can be described as a version of the two-part 

model under certain parameter restrictions and normal distributional assumptions.   

We do not necessarily need to assign normal density to the positives-generating 

process.  In fact, other distributions may be more suitable for positive-only values.  One 

such distribution is the log-normal, where the positive outcomes are assigned normal 

density after a logarithmic transformation.  Using log-normal density in the second part 

of the log-likelihood function, we can estimate the parameters β and  from maximizing 

the following: 
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 (3) 

Yet another possible distribution for the strictly positive outcomes is Poisson with 

conditional pdf f(y|y>0), which more aptly represents count values.  Substituting Poisson 

density in the log-likelihood function, we get 
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The contribution to the log-likelihood of an individual who is not observed to 

smoke is the probability of not smoking.  The contribution of an individual who is a 

current smoker is the probability density of smoking a positive amount.  In other words, 

the log-likelihood function of the two-part model has two distinct parts – one determining 

whether the outcome is zero, the other determining the distribution of the positive 

outcomes.  Each of these parts can be estimated with separate equations since each comes 

from a separate distribution.  In this paper, the first part of the two-part model estimates 

the probability of smoking participation with a logit model.  The second part estimates 

conditional cigarette demand as a generalized linear model with a log link. 

 

4.3. Zero-inflated Poisson (ZIP) 

 

An alternative to the two-part model is the ZIP model, which is similar but 

slightly different than the two-part Poisson-based model discussed earlier.  Although ZIP 

can have similar distributional assumptions to the two-part model (standard normal for 

the binary process and Poisson for the count process), it is different in that the 

count/Poisson part of the model is not restricted to generating positive values only, but 

can also generate zero outcomes.  In other words, a person defined as a current smoker is 

not constrained to smoking strictly positive amounts of cigarettes but can also potentially 

choose to smoke zero cigarettes.  This specification can provide interesting insights if we 

would like to know whether fluctuations in prices could induce a smoker into zero 

consumption.  The drawback is that even though ZIP allows a smoker to choose zero 

consumption, it does not allow an independent process to generate this choice separately 
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from the choice of simply smoking less.  This disadvantage is similar to that of Tobit 

because smokers are restricted to the same decision-making mechanism when choosing 

to smoke both zero and positive amounts. 

In ZIP, as in the two-part model, the certain zero outcomes (the true non-smokers) 

occur with probability P(y=0).  However, even when the observed outcome is positive 

and the individual is currently a smoker, ZIP allows for the possibility that zero 

consumption could occur with probability 1- P(y=0).  Smokers’ zero outcomes are 

generated together with their positive outcomes from the Poisson density.  After 

substituting the expressions for normal cdf in the binary probability process and Poisson 

pdf for the count generation process, the following log-likelihood function is obtained: 
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(5) 

 

If inducing a smoker into zero consumption comes from a different mechanism 

than inducing him to merely decrease consumption, ZIP is not appropriate.  It is therefore 

more suitable to model smoking participation as a separate process from smoking 

intensity using the two-part model.  This allows the estimation of price responsiveness 

among smokers to take place without possible interference from the effects of smokers 

switching smoking status, while the “switching” effect is still being properly accounted 

for by the first part of the model. 

 

5. Empirical application and identification concerns 
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Since roughly 90% of the survey participants in our sample are current 

nonsmokers, a defining characteristic of the dataset is the prevalence of zero outcomes.  

The type of model that best reflects the skewness of the data toward zero in this particular 

application is the two-part (hurdle) model.  This model relaxes the assumption that the 

same mechanism must govern both the decision to smoke and the decision of how much 

to smoke.  These decision processes are assumed to be independent (conditional on the 

explanatory variables) and can be determined by different factors if desired.  In this 

paper, the first part of the two-part model estimates the probability of smoking 

participation with a logit model.  Following Tauras (2006), the second part of the two-

part model estimates the amount of cigarettes smoked by smokers through a generalized 

linear model where the outcome has normal distribution and the link function is 

logarithmic.  In general notation, the second-part GLM model can be expressed as  

g(E(y)) = xβ where the link function g(.) = ln(.) and y ~ Normal. 

Specifying a normal distribution in a log-link GLM is similar to but not 

equivalent to an ordinary least squares (OLS)  regression on ln(y) because it produces 

more consistent and less biased elasticity estimates in the presence of heteroskedasticity 

(Manning and Mullahy 2001, Mullahy 1998, Tauras 2005, 2006).
1
  Tauras (2005) 

estimates that the bias from using OLS instead of GLM in the estimation of conditional 

cigarette demand for U.S. adults can be substantial and can result in more-than-double 

overestimation of price elasticity.  We use the GLM framework in an effort to avoid 

overestimating the price effect. 

                                                 
1
 For additional discussion on GLM versus OLS see Appendix 1. 
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In the first part of the two-part model of cigarette demand, smoking participation 

or the probability of consuming a positive number of cigarettes Y is modeled as a 

function of cigarette price, individual characteristics X1, observed environmental 

characteristics X2, year fixed effects Year and country fixed effects Country:  

 

Pr(Yijt >0)= f(0+1Pricejt+2X1ijt+3X2jt+4Yeart+5Countryj)   (1) 

 

In the second part of the two-part model, cigarette demand conditional on 

participation is expressed as 

 

(Yijt |Yijt >0)= f(0+1Pricejt+2X1ijt+3X2jt+4Yeart+5Countryj)   (2) 

 

Alternatively, one-part models like the tobit or zero-inflated poisson models 

which do not distinguish between the decision to smoke and the decision how much to 

smoke can be expressed as 

 

Yijt = f(0+1Pricejt+2X1ijt+3X2jt+4Yeart+5Countryj)    (3) 

 

where i denotes individual, j denotes country/geographic location, and t denotes year.  X1 

is a vector of individual-level variables which include Age, Male, Parental Smoking, and 

Pocket Money.  X2 is a vector of location-specific characteristics which include the 

Cigarette Advertising, Anti-Tobacco Media, Anti-Smoking Sentiment, and Youth Access 

Restrictions.  Summary statistics and descriptions of all variables are listed in Tables 2-4.  
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The final results from the estimation of Equations 1, 2, and 3 are presented in Section 6.  

Potential econometric issues are discussed below.   

 

5.1 Multicollinearity 

 

  One concern is that the five policy-relevant variables in this analysis, namely 

Price, Anti-Smoking Sentiment, Cigarette Advertising, Anti-Tobacco Media, and Youth 

Access Restrictions, may be correlated.  The presence of multicollinearity may cause us 

to misjudge the separate effects of these variables and underestimate their statistical 

significance.  To check whether multicollinearity among a number of variables is a 

problem, a simple but effective diagnostic is the variance inflation factor (VIF).  VIF is 

calculated for each suspect variable by regressing it on the remaining suspect variables 

and taking the inverse of one minus the R-squared from the regression.  A common rule 

of thumb is that if the R-squared is close to 1 and VIF exceeds 10, the suspect variable is 

well explained by a linear function of the remaining suspect variables, and collinearity 

between them is highly likely (Chatterjee et al 2000).  Table 5 contains the VIFs and the 

corresponding R-squared statistics for all five suspect variables.  Although the VIF 

estimates in Table 5a are all much smaller than 10 and therefore pass the conventional 

rule of thumb by a wide margin, it is noticeable that the anti-smoking sentiment variable 

has a relatively higher VIF.  When the VIFs are recalculated after Sentiment is removed 

from the set of suspect variables (Table 5b), the remaining VIFs shrink even further.  The 

conclusion is that there is evidence of some correlation between Sentiment and the rest of 

the policy-related variables but that this correlation may be small enough not to interfere 



32 

 

   

with the estimation.  However, in order to remove any doubt about validity problems 

from potential multicollinearity, we present results from specifications where Sentiment 

is both included and excluded.  In either case, the results are not much different, 

providing evidence that the correlation between anti-smoking sentiment and policy-

related country characteristics is minor. 

 

5.2 Endogeneity of Price 

 

Another concern about the identification of the price effect is that Price may be 

econometrically endogenous.  Endogeneity can cause serious issues for the estimation 

process in terms of consistency and must be addressed before any results can be 

interpreted as causal.  In this analysis, Price endogeneity may be expected to arise from a 

couple of sources, namely unobserved heterogeneity and simultaneity.  Both of these are 

addressed as follows. 

 

Unobserved heterogeneity bias 

 

Unobserved heterogeneity refers to environmental characteristics that may 

influence both the cigarette price level and individual cigarette consumption.  One 

example is the local cultural attitude toward smoking.  A country with a predominantly 

unfavorable perception of smoking may impose more aggressive cigarette taxes and 

higher prices.  At the same time, such a culture may also discourage young people from 

smoking.  If the local cultural attitude is left out of the analysis, its effect may be 
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absorbed by the price variable, leading to biased estimate.  We address this possibility by 

including a direct control for local anti-smoking sentiment.  It must be recognized, 

however, that Anti-Smoking Sentiment itself may suffer from a similar endogeneity 

problem if external factors, like media influences which could affect both smoking 

behavior and sentiment, are not accounted for.  We address this possibility by including 

additional site-level controls for confounding media factors like exposure to cigarette 

advertising and anti-tobacco campaigns.  While these controls are expected to reduce bias 

from unobserved heterogeneity, country fixed effects are added in order to deal with any 

remaining unobservables that do not vary over time. 

 

Simultaneity bias 

 

An additional concern about endogeneity of the Price variable may arise from the 

expectation that cigarette prices and cigarette demand are simultaneously determined.  

The use of micro-level data in this study considerably reduces the danger of such 

endogeneity because the smoking decision of a single individual could not affect market 

demand enough to change the price level.  Certain characteristics of the local market 

demand, however, can influence the individual smoking decision by affecting the price 

level.  For example, a weak market demand for cigarettes corresponds to higher cigarette 

prices, which in turn discourages individual smoking.  Since market demand can affect 

both individual smoking decisions and prices, it can present another source of Price 

endogeneity in the form of unobserved market characteristics.  Note that this is a different 

source of bias than simultaneity, and we can account for it by including country fixed 
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effects, which can be interpreted as market fixed effects because cigarette prices have 

country-level variation. 

Although using micro-level sufficiently reduces the simultaneity bias in the 

estimate of Price, we go a step further in investigating this possibility by substituting the 

price of Imported cigarettes instead of local brand cigarettes.  The advantage of local-

brand prices is that they are more likely to be considered when the average individual 

decides to consume cigarettes because local brand cigarettes are typically less expensive.  

Even though local-brand prices may be more relevant for individual purchasing 

decisions, imported-brand prices are likely to be more exogenous to cigarette demand 

because they are imported.  This is because the price of imported cigarettes contains a 

larger exogenous (not determined by market demand) component such as transportation 

costs and import duties.  The larger exogenous component makes imported-brand prices 

stickier and less vulnerable to changes in market demand than local-brand prices.  We 

supply results from specifications using imported-brand prices as robustness checks and 

find that neither the significance nor the size of the price effect is reduced by switching to 

imported-brand prices.  This provides evidence that the risk of simultaneity bias in the 

Price estimate is low. 

 

5.3. Country vs. Region Fixed Effects 

 

The use of fixed effects in combination with multiple relevant controls in the 

empirical estimation of smoking patterns is an effective method of reducing endogeneity 

bias and helps provide plausible evidence for the presence (or absence) of causal effects.  
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Two types of fixed effects are alternatively examined in this research: country fixed 

effects and region fixed effects.  The advantage of using country-level as opposed to 

region-level fixed effects is narrower geographic definition and hence, the possibility of 

capturing more information on local unobservables.  The disadvantage is that the dataset 

needs to be restricted only to countries which have survey data from multiple years 

(because the price effect is identified from variability in prices within country over time).  

Since GYTS was conducted only once in many countries, the country fixed-effects 

dataset would have to be reduced to 21 countries from the original 47.  Using region 

fixed effects for each of the six world regions avoids this data loss problem in return to 

assuming that countries within the same region have similar unobserved characteristics.  

There is evidence that supports this assumption and suggests that the use of region fixed 

effects instead of country fixed effects may be acceptable due to lack of very strong 

variation between countries in the same region.  To illustrate this point, Table 6a 

compares the within-country correlation of individual cigarette demand (0.066) to the 

within-region correlation (0.045).  Both of these estimates are very similar to each other, 

indicating that individual demand patterns are similarly correlated across individuals 

within each region as they are across individuals within separate countries.  Table 6b 

provides additional macro-level comparisons of within-region cluster correlations of 

smoking patterns and their major predictors.  On a macro level, the within-region 

correlations are high, and especially so for defining country characteristics such as 

smoking prevalence (32%), conditional cigarette demand (46%), anti-smoking sentiment 

(46%), and the prevalence of cigarette advertising (52%).  This points to substantial 

similarities among countries in the same region in terms of smoking patterns, cultural 
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attitudes, and media exposure, and suggests that other relevant unobserved country-level 

characteristics are also likely to be shared within a region.  In such case, region fixed 

effects would capture a similar amount of information as country fixed effects but with a 

smaller loss of degrees of freedom. 

One particular example of within-region similarities is the level of cigarette 

consumption among smokers.  In Europe, smokers consume around 100 cigarettes per 

month regardless of country.  In contrast, Southeast Asian smokers consume twice as few 

cigarettes, and even the highest consumption in Southeast Asia (68 cigarettes per month 

in Bangladesh) remains below the lowest consumption in Europe (81 cigarettes per 

month in Ukraine).  Regional differences in anti-smoking sentiment provide another 

example of a case where similarities between countries in the same region are strong 

while differences between the regions themselves can be considerable.  Consider the 

Middle East region where anti-smoking sentiment in the sample ranges from 71% to 95% 

with an average of 84%.  In comparison, anti-smoking sentiment in the African region is 

much lower on average at 61%.  Table 6b shows that while the observable characteristics 

of countries within the same region may not be perfectly correlated, they can be shared to 

a considerable extent.  This supports the assumption that unobservable county 

characteristics may be similarly shared, validating the use of region fixed effects as a 

satisfactory substitute for country fixed effects in the effort to account for unobserved 

country-level heterogeneity.  Although our preferred specification employs country fixed 

effect, region fixed effects are used for robustness checks. 

 

5.4 Clustering 
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Unobserved heterogeneity can present a major econometric problem even if it is 

not correlated with any of the observed predictors.  This can happen when the unobserved 

disturbances are correlated within groups or clusters of observations.  Survey data from 

different geographic locations is particularly vulnerable to such clustering because 

individuals within each country are likely to be correlated in some unknown way even if 

they are uncorrelated between countries.  Uncontrolled clustering produces severely 

underestimated standard errors and spurious findings of statistical significance (Pepper 

2002, Cameron et al 2006, Wooldridge 2003, Wooldridge 2002).  Bertrand et al (2004) 

have shown that clustering can remain even after including state and year fixed effects 

and will lead to invalid inference if not controlled for.  Moulton (1990) points out that the 

clustering issue is especially aggravated in cases where the groupings are used to merge 

macro variables with micro data in order to explain micro outcomes.  This is particularly 

relevant for this application where country-level characteristics such as cigarette prices 

are used to predict individual-level smoking behaviors. 

All models in this paper adjust the standard errors for clustering by survey site.  

The adjustment is similar to the Huber-White treatment of heteroskedastic errors but the 

variance scaling factor is the sum of the squared products of residuals and regressors 

within cluster (as opposed to only the squared products of residuals and regressors).  This 

corrects for error correlations of unknown form within clusters. 

To summarize, the main econometric issues in this research that may interfere 

with identification are potential multicollinearity and unobserved heterogeneity where the 

latter can be both correlated and uncorrelated with the predictors.  We find no substantial 
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evidence for multicollinearity so attention is mostly focused on the latter issue.  

Unobserved heterogeneity is treated by including country fixed effects and by reducing 

the omitted variable problem with a number of relevant controls.  Any remaining site-

level heterogeneity is addressed by allowing for cluster correlation of observations within 

geographic sites.  Additional precision of the estimates is sought by the use of 

generalized linear modeling instead of OLS in the second part of the two-part model.   

 

6. Results 

 

6.1. Two-part model 

 

Smoking participation 

 

Table 7a contains results from the first part of the two-part model which estimates 

the probability of smoking participation by logit with country fixed effects using local-

brand cigarette prices.  The main conclusion from Table 7a is that cigarette price is a 

significant determinant of smoking participation along with cigarette advertising and 

youth access restrictions.  There are eight specifications depending on which predictors 

are included.  The baseline specification (Equation 1) looks at the effect of Price on 

participation without controlling for either anti-smoking sentiment or media effects.  It 

provides a statistically significant estimate of price elasticity of -0.72, indicating that an 

increase in cigarette price of 10% would correspond to a 7.2% reduction in smoking 

prevalence.  Equations 2, 3, and 4 contain different combinations of the media exposure 
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variables but still exclude anti-smoking sentiment.  Equations 5 through 8 correspond to 

Equations 1 through 4 but in addition include Sentiment.   

In all specifications, Price has a significant negative effect on smoking 

participation.  The estimated price elasticity of participation ranges from -0.56 to -0.88.  

Sentiment is shown to be a significant predictor of participation as well and has the 

expected negative sign, confirming that higher anti-smoking sentiment is indeed 

associated with lower participation.  However, unlike DeCicca et al (2002, 2008) and 

more in line with Carpenter and Cook (2008) we find that Sentiment is not the most 

influential factor determining smoking participation.  Although it is statistically 

significant, controlling for Sentiment does not reduce either the magnitude or the 

significance of the effect of Price on participation. 

We find that a major determinant of smoking participation is Cigarette 

Advertising.  The local prevalence of cigarette advertising increases the probability of 

participation, most likely through higher advertising exposure.  We estimate that if 

cigarette advertising succeeded in reaching every single individual (so that the proportion 

of youth exposed to advertising approached 100% from the current mean of 86%), then 

the average smoking prevalence rate would increase by up to 1.8 percentage points, from 

10% to almost 12%.  In terms of elasticity, we estimate that the advertising elasticity of 

participation ranges from 1.1 to 1.9, implying that a 10% increase in the proportion of 

people who observe cigarette advertising is associated with up to 19% increase in the 

prevalence of smoking.  

We also find that Youth Access Restrictions have a sizeable and robustly 

significant effect on smoking participation.  If bans against selling cigarettes to youth 
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were fully enforced (i.e., if the proportion of underage youth unable to buy cigarettes 

increased from the observed mean of 35% to 100%), then the probability of participation 

would go down by 6.5 percentage points based on the estimate from Specification 8.  

Given that the mean smoking prevalence in our sample is 10%, full enforcement of youth 

access restrictions would cut participation rates by more than half.  This finding has 

direct policy relevance because it illustrates the importance of compliance with anti-

tobacco policies and highlights the difference in outcomes between actual and desired 

policy effectiveness. 

Most of the specifications where Anti-Tobacco Media is included provide 

evidence that increased likelihood of exposure to anti-smoking messages reduces 

smoking participation.  This result is not entirely robust to different specifications but 

may indicate that anti-tobacco campaigns may have some effect in reducing the 

occurrence of smoking.  Based on the estimate from Specification 8, if anti-tobacco 

campaigns had perfect outreach and the proportion of youth witnessing them increased to 

100% from the current mean of 83%, smoking prevalence may decline by about 1.5 

percentage points.  It is interesting to note that this would almost wash out the effect of 

cigarette advertising.  If cigarette advertising reached everyone, participation would grow 

by 1.8 points; if anti-tobacco messages reached everyone, participation would decline by 

1.5 points, and the two media effects would almost neutralize each other at the mean. 

 

Conditional cigarette demand 
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Results from the second part of the two-part model which estimates conditional 

cigarette demand are presented in Table 7b.  The result that stands out from Table 7b is 

that Price is a significant predictor of conditional cigarette demand.  The price elasticities 

of conditional demand are estimated in the range of -1.14 to -1.46.  The price elasticity in 

Specification 8 is -1.2, indicating that a 10% increase in Price corresponds to a 12% 

decrease in the intensity of cigarette consumption. 

There is no evidence that Anti-Smoking Sentiment, Cigarette Advertising, or Youth 

Access Restrictions can influence cigarette demand among current smokers.  This leads 

us to believe that once the decision to smoke is made, not many factors besides cigarette 

prices can help explain how many cigarettes are smoked.  One notable exception is Anti-

Tobacco Media, which is shown to be a significant albeit a very small determinant of 

smoking intensity.  Anti-Tobacco Media has a sample mean of 0.83, meaning that anti-

tobacco messages reach 83% of the current smokers.  If instead all smokers were exposed 

to anti-tobacco media, the conditional demand for cigarettes would drop by 0.22% or by 

less than half a cigarette per month per smoker. 

 

Ordered logit estimates 

 

To see how prices may affect different types of smokers, we use an ordered logit 

model of conditional cigarette demand with four smoker categories: very light smokers (1 

– 15 cigarettes per month), light to medium smokers (15 to 100 cigarettes per month), 

medium smokers (100 to 300 cigarettes per month) and heavy smokers (over 300 

cigarettes per month).  Table 7c lists the price responsiveness of the probability of being 



42 

 

   

in each smoker category.  The results are similar and significant across all eight 

specifications.  Taking Specification 8 as an example, the estimates imply that increasing 

price by 10% decreases the probability of being a heavy smoker by 8.7%, decreases the 

probability of being a medium smoker by about 6.9%, decreases the probability of being 

a light to medium smoker by 3.4%, and increases the probability of being a very light 

smoker by 4%.  These estimates show that higher prices progressively reduce the 

intensity of smoking for all but the lightest smokers and increase the likelihood of 

smokers switching down to a lighter smoker status. 

The results from the two-part model with country fixed effects and local-brand 

cigarette prices can be summarized as follows.  Price is a major determinant of both 

smoking participation and conditional cigarette demand and in addition seems to be the 

only major predictor of conditional demand.  Smoking participation is responsive to more 

factors besides prices and can be influenced by anti-smoking sentiment, youth access 

restrictions, anti-tobacco media, and cigarette advertising. 

 

6.2. Sensitivity checks on the two-part model 

 

6.2.1. Using imported-brand prices instead of local-brand cigarette prices 

 

Local-brand cigarette prices are preferred over imported-brand prices because 

they are cheaper and therefore more relevant to the consumption decision of the average 

individual.  The concern that Price may be simultaneously determined with consumption 

is alleviated by using micro-level data. To provide further reassurance that the Price 
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estimate is not likely to contain a simultaneity bias we provide specifications where Price 

is defined as the price of imported-brand cigarettes.  Imported-brand prices are more 

exogenous to cigarette demand than local-brand prices because they are more likely to 

contain a larger market-unrelated component like transportation costs and import duties.  

Results from specifications using imported prices are listed in Table 8.  The results are 

very similar to the original models with local-brand cigarette prices.  In fact, the elasticity 

of participation and demand with respect to imported-brand prices are even larger in 

magnitude.  If a simultaneity bias is present in the original local-brand price elasticity 

estimate, using a presumably more exogenous price variable would lead to a reduction in 

the price elasticity.  Since no such reduction is evident, we can safely assume that the risk 

of simultaneity bias in the original local-brand price estimate is minor. 

 

6.2.2. Using Tobacco production per capita as a proxy for anti-smoking sentiment 

 

The purpose of employing Tobacco Production as a proxy for sentiment is to 

check the robustness of the results to using a sentiment variable that is not derived from 

self-reported attitudes.  Although endogeneity of the original Anti-Smoking Sentiment 

variable is minimized by excluding smokers from the sentiment calculation, Tobacco 

Production can be substituted for a sensitivity check.  The resulting estimates are 

reported in Table 8.  In discussing the results, it must be noted that Tobacco Production is 

not an ideal proxy for sentiment.  Although the correlation between Tobacco Production 

and Anti-Smoking Sentiment is not trivial (0.08), it does not have the expected negative 

sign.  Tobacco Production may also be subject to a sizeable measurement error because 
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some of the countries assumed to have zero tobacco production may have positive but 

unreported production.  With these limitations in mind, we find that the results mostly are 

not sensitive to how sentiment is defined, with a few exceptions.  First, unlike Anti-

Smoking Sentiment in the original setup, Tobacco Production is not a significant factor in 

determining smoking participation.  Second, unlike Anti-Smoking Sentiment, controlling 

for Tobacco Production eliminates the statistical significance of the price effect on 

participation in some (but not all) specifications.  Although the price elasticity of 

participation is somewhat sensitive to how sentiment is defined, the price elasticity of 

conditional demand is robust in terms of magnitude as well as statistical significance. 

 

6.2.3. Using region fixed effects instead of country fixed effects 

 

Under the assumption that region FE can provide similar information about 

unobserved area characteristics as country FE, region FE have the advantage of retaining 

a larger number of countries from the GYTS sample.  Tables 8ab contains results from 

specifications which are the same as the original framework in Tables 7ab except for 

employing region FE instead of country FE.  We find that the results are similar but not 

entirely robust to the type of fixed effects.  First, controlling for Cigarette Advertising 

reduces the statistical significance of the price effect on participation in models with 

region FE but not in models with country FE.  Second, Youth Access Restrictions lose 

their effect on participation but gain a significant effect on conditional demand when 

region FE are employed.  Third, the price elasticity of conditional demand shrinks in 

magnitude when region FE are used even though it remains statistically significant.  It is 
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unclear why region FE, which are not nearly as geographically specific as country FE, 

can lead to 1) insignificant price effects where significant price effects have already been 

identified with country FE (in the modeling of participation) or 2) reduce the magnitude 

of the price effects where larger price effects have already been identified with country 

FE (in the modeling of conditional demand).  This is contrary to expectation because in 

the case of unobserved heterogeneity bias, region FE are less precise in capturing area 

heterogeneity and are therefore less likely to reduce bias than country FE.  Since region 

FE do not behave as expected in identifying the price effects when compared to country 

FE, this may be taken as a sign that region FE are a questionable substitute for country 

FE. 

 

6.3. One-part models: Tobit and Zero-inflated Poisson 

 

Estimates from the Tobit model are presented in Table 11, estimates from the ZIP 

model are presented in Table 12. Similar to the original two-part framework in Tables 

7ab, both define Price as local-brand cigarette price and control for country FE.  Unlike 

the two-part model, the Tobit and ZIP models estimate the effect of the covariates on the 

total demand for cigarettes, not just the conditional (positive only) demand.  Because of 

the fact that a two-part model consisting of a probit first part and a linear second part can 

be reduced to a Tobit if the parameters from the two parts were restricted to equal each 

other, we are able to apply a Hausman-type test of specification to the Tobit.  This is the 

Ruud specification test (Ruud 1986) which is a regular likelihood-ratio test where the 

restricted model is the Tobit and the unrestricted model is the two-part model.  Under the 
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null hypothesis, the Tobit restrictions hold and the Tobit is correctly specified.  The Ruud 

test statistics are listed at the bottom of Table 11.  In all specifications, the null is strongly 

rejected, leading to the conclusion that a Tobit framework is not appropriate for this 

analysis. 

Since the Tobit specification is incorrect, it is perhaps not surprising that it fails to 

detect significant effects for any of the covariates.  This is true not only for all of the 

macro variables but also for important individual characteristics like age and sex.  Even 

in the absence of a specific test for model validity, the inability of the Tobit to identify 

any covariate impacts may cause us to be suspicious about the framework. 

Unlike the Tobit model, the ZIP model detects statistically significant effects for 

all covariates.  In magnitude, the Tobit and ZIP marginal effects are similar and, taking 

Specification 8 as an example, suggest that a 10% increase in the price of cigarettes 

would correspond to a decrease in cigarette consumption by 0.44 cigarettes per month at 

the mean.  In terms of size, this is a non-trivial marginal effect when we consider that the 

predicted average cigarette demand for the whole population (counting both smokers and 

non-smokers) is 2.9 cigarettes per month in ZIP and 4.5 cigarettes per month in Tobit.  

The total price elasticity of demand in specification 8 is -1.53 for ZIP and -0.97 for Tobit.  

These estimates are similar but somewhat lower than the total price elasticity of demand 

from the two-part model in Table 7, which is -1.83 as calculated by the sum of the 

elasticities of participation and conditional demand.  

 

7. Conclusion 

 



47 

 

   

The contribution of this research is to provide insight into the factors that shape 

cigarette consumption among youth in developing countries.  Besides estimating price 

elasticities of demand, we are the first to offer a thorough examination of multiple 

environmental aspects that may affect smoking, including cigarette advertising, anti-

tobacco media campaigns, and the observed effectiveness of youth access restrictions.  

Although other papers have looked at the effect of smoking and advertising bans, we are 

able to extend our analysis beyond the nominal presence of smoking-related policies and 

are able to control for the observed effectiveness of such policies. 

This research has multiple policy implications.  It confirms the importance of 

cigarette prices in determining both smoking participation and conditional cigarette 

demand.  We estimate that the price elasticity of smoking participation is -0.6 while the 

price elasticity of conditional demand is -1.2.  We find that anti-smoking sentiment, 

cigarette advertising, and youth access restrictions influence the decision to participate in 

smoking but not the intensity of cigarette consumption among current smokers.  We 

estimate that perfect compliance with youth access restrictions may cut smoking 

participation by more than half.  We also show that anti-tobacco media campaigns may 

be effective in reducing both participation and intensity. 
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Appendix 

 

 The difference between a log-link GLM with normal distribution and an OLS 

model of ln(y) is that the former estimates ln(E(y)) while the latter estimates E(ln(y)).  In 

other words, when linearizing the relationship between outcome y and covariates x, the 

log-link GLM model takes the log of the linear predictor xb while the OLS model takes 

the log of the outcome y. 

 In the second part of the two-part model, conditional cigarette demand is 

expressed as  

y = e
xβ

e
u
          (1) 

 Traditionally, OLS is applied to the log transformation of the outcome y, so that  

ln(y)=xβ + u, and         (2) 

E(ln(y))=xb under standard assumptions.      (3) 

 However, recall that the formula for price elasticity is
p

yE
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)(ln




, not 

p

yE

ln

))(ln(




.  

Therefore for the calculation of price elasticity we need to know ln(E(y)), not E(ln(y)) as 

provided by OLS in (3).  To obtain ln(E(y)), we first need to recover E(y).  From (1),  

E(y) = E(e
xβ

e
u
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if the error u is homoskedastic 

if the error u is heteroskedastic in price p 

  

 Taking the log of both sides in (4): 
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     under homoskedasticity   (5) 

     under heteroskedasticity in price p 

 

 Substituting (5) into the formula for price elasticity:  

      under homoskedasticity 

Price elasticity           (6) 

      under heteroskedasticity in price p 

 

 Equation (6) illustrates two points.  First, if the error term is unrelated to price (is 

homoskedastic), price elasticity can be estimated consistently by OLS. Second, if 

heteroskedasticity in price is present, the OLS-estimated price elasticity will be biased by 

the amount 
p

p



 )(
.  Estimation of y by log-link GLM avoids the possibility of bias by 

directly estimating ln(E(y)).  It precludes the need for transforming the OLS-estimated 

E(ln(y)) into E(y) and then into ln(E(y)) when estimating price elasticities.  By avoiding 

this transformation, it also avoids incurring the heteroskedasity-related bias described 

here.
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Table 1. List of countries, regions, and survey years 

   

Region Country Years 

Africa  Cote D’Ivoire  2003 

 Kenya  2001 

 Nigeria  2000 

 Senegal  2002 

 South Africa  1999, 2002 

Africa    1999, 2000, 2001, 2002, 2003 

Middle East  Bahrain  2002 

 Egypt  2001, 2005 

 Iran  2003 

 Jordan  1999, 2003 

 Kuwait  2001, 2005 

 Morocco  2001, 2006 

 Pakistan  2003, 2004 

 Saudi Arabia  2001 

 Tunisia  2001 

 UAE 2002, 2005 

Middle East    1999, 2001, 2002, 2003, 2004, 2005, 2006 

Europe  Czech Republic  2002 

 Greece  2005 

 Hungary  2003 

 Kazakhstan  2004 

 Poland  1999, 2003 

 Romania  2004 

 Russia  2002, 2004 

 Turkey  2003 

 Ukraine  2005 

Europe    1999, 2002, 2003, 2004, 2005 

Americas  Argentina  2000 

 Brazil  2002, 2004, 2005, 2006 

 Chile  2000, 2003 

 Colombia  2001 

 Costa Rica  1999, 2002 

 Guatemala  2002 

 Mexico  2000, 2005, 2006 

 Panama  2002 

 Paraguay  2003 

 Peru  2000, 2002, 2003 

 Uruguay  2000 

 Venezuela  1999, 2001, 2003 

Americas    1999, 2000, 2001, 2002, 2003, 2004, 2005, 2006 

Southeast Asia  Bangladesh  2004 

 India  2000, 2001, 2002, 2003, 2004, 2006 

 Indonesia  2000, 2004, 2005, 2006 
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 Nepal  2004 

 Sri Lanka  1999, 2003 

 Thailand  2005 

Southeast Asia    1999, 2000, 2001, 2002, 2003, 2004, 2005, 2006 

Western Pacific China  1999, 2001, 2005 

 Phillippines 2000, 2004 

 Singapore  2000 

 South Korea  2005 

 Vietnam  2003 

Western Pacific   1999, 2000, 2001, 2003, 2004, 2005 
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Table 2b.  Distribution of conditional cigarette demand for country-level dataset 

  

  Number of cigarettes per month 

Mean 71.9 

Min 1.5 

10th percentile 1.5 

25th percentile 3.8 

Median 14 

75th percentile 85.8 

90th percentile 240 

Max 630 

N 33187 
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Table 3b.  Distribution of conditional cigarette demand for region-level dataset 

  

  Number of cigarettes per month 

Mean 77.08 

Min 1.5 

10th percentile 1.5 

25th percentile 4 

Median 14 

75th percentile 85.75 

90th percentile 240 

Max 630 

N 48097 
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Table 4.   Sample means of variables by country and region 

        

Region Country Smoking 

prevalence 

Conditional 

cig demand 

Age Male Pocket 

Money 

Parenal 

Smoking 

Africa  Cote D'Ivoire  0.07 34.25 14.27 0.54 0.36 0.18 

 Kenya  0.06 76.42 14.06 0.48 0.4 0.19 

 Nigeria  0.07 70.73 14.62 0.52 0.31 0.13 

 Senegal  0.09 43.7 14.82 0.58 0.28 0.22 

 S Africa 0.17 96.86 15.35 0.46 0.44 0.45 

Africa    0.12 81.28 14.83 0.5 0.39 0.31 

Mid East Bahrain  0.11 103.61 14.27 0.46 0.83 0.32 

 Egypt  0.03 72.7 13.59 0.67 0.65 0.52 

 Iran  0.02 111.12 14.02 0.47 0.87 0.34 

 Jordan  0.12 90.03 14.1 0.47 0.71 0.52 

 Kuwait  0.13 150.18 14.24 0.46 0.75 0.39 

 Morocco  0.04 96.08 14.25 0.52 0.4 0.27 

 Pakistan  0.01 82.66 14.39 0.62 0.67 0.32 

 Saudi Arabia  0.08 132.98 14.41 1 0.88 0.18 

 Tunisia  0.09 111.17 14.22 0.49 0.65 0.52 

 UAE 0.05 69.33 13.77 0.48 0.57 0.3 

Mid East   0.07 104.14 14.03 0.53 0.66 0.38 

Europe  Czech Rep 0.31 101.65 13.9 0.5 0.8 0.54 

 Greece  0.1 178.1 13.87 0.51 0.82 0.68 

 Hungary  0.28 129.68 14.39 0.45 0.85 0.58 

 Kazakhstan  0.08 85.1 13.8 0.47 0.46 0.52 

 Poland  0.2 130.46 14.47 0.46 0.83 0.63 

 Romania  0.19 118.91 15.06 0.45 0.81 0.61 

 Russia  0.23 123.26 13.45 0.48 0.79 0.63 

 Turkey  0.07 97.8 13.7 0.54 0.73 0.59 

 Ukraine  0.18 80.9 13.65 0.48 0.83 0.61 

Europe    0.16 115.51 13.87 0.49 0.74 0.6 

Americas  Argentina  0.26 127.4 14.55 0.52 0.8 0.58 

 Brazil  0.1 89.41 14.73 0.45 0.58 0.37 

 Chile  0.24 45.24 13.51 0.5 0.75 0.63 

 Colombia  0.18 30.21 13.36 0.5 0.68 0.44 

 Costa Rica  0.15 56.02 13.97 0.52 0.84 0.31 

 Guatemala  0.09 35.45 14.08 0.44 0.57 0.26 

 Mexico  0.12 40.91 13.5 0.47 0.64 0.4 

 Panama  0.08 45.89 13.43 0.49 0.27 0.25 

 Paraguay  0.1 44.11 13.72 0.47 0.48 0.35 

 Peru  0.12 24.45 14.2 0.48 0.63 0.41 

 Uruguay  0.17 100.74 13.6 0.49 0.72 0.53 

 Venezuela  0.04 35.97 13.04 0.44 0.57 0.37 

Americas    0.12 54.53 13.82 0.47 0.63 0.41 

SE Asia Bangladesh  0.02 68.42 13.97 0.72 0.46 0.35 

 India  0.05 59.41 14.04 0.57 0.47 0.45 

 Indonesia  0.12 35.44 13.6 0.47 0.93 0.57 

 Nepal  0.06 10.47 14.78 0.54 0.15 0.56 
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 Sri Lanka  0.01 34.08 14.03 0.5 0.84 0.48 

 Thailand  0.1 50.66 13.89 0.5 0.58 0.48 

SE Asia   0.07 50.81 13.99 0.55 0.54 0.47 

W Pacific China  0.05 88.84 14.1 0.5 0.76 0.64 

 Phillippines 0.12 58.48 14.91 0.38 0.58 0.58 

 Singapore  0.1 108.64 14.52 0.49 0.93 0.37 

 S Korea  0.05 100.82 13.47 0.46 0.85 0.56 

 Vietnam  0.04 111.79 15.18 0.45 0.59 0.56 

W Pacific   0.07 83.93 14.41 0.46 0.74 0.57 
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Table 4 continued.  Sample means of variables by country and region 

      

Region Country Anti-Smoking 

Sentiment  

Cig 

Advertising 

Anti-Tobacco 

Media 

Youth Access 

Restrictions 

Africa  Cote D'Ivoire  0.87 0.73 0.56 0.28 

 Kenya  0.52 0.87 0.82 0.3 

 Nigeria  0.62 0.72 0.7 0.41 

 Senegal  0.91 0.77 0.8 0.28 

 S Africa 0.55 0.86 0.79 0.34 

Africa    0.72 0.78 0.71 0.31 

Mid East Bahrain  0.87 0.83 0.7 0.34 

 Egypt  0.89 0.83 0.79 0.35 

 Iran  0.91 0.67 0.84 0.25 

 Jordan  0.8 0.75 0.81 0.33 

 Kuwait  0.86 0.94 0.68 0.26 

 Morocco  0.79 0.66 0.68 0.42 

 Pakistan  0.96 0.81 0.78 0.58 

 Saudi Arabia  0.75 0.77 0.69 0.41 

 Tunisia  0.88 0.74 0.68 0.18 

 UAE 0.73 0.86 0.74 0.37 

Mid East   0.86 0.79 0.75 0.39 

Europe  Czech Rep 0.83 0.93 0.77 0.33 

 Greece  0.91 0.86 1 0.1 

 Hungary  0.85 0.85 1 0.32 

 Kazakhstan  0.92 0.87 1 0.32 

 Poland  0.88 0.96 0.92 0.3 

 Romania  0.93 0.88 1 0.27 

 Russia  0.91 0.81 0.87 0.47 

 Turkey  0.94 0.46 0.99 0.15 

 Ukraine  0.92 0.87 1 0.37 

Europe    0.9 0.84 0.94 0.31 

Americas  Argentina  0.84 0.96 0.62 0.11 

 Brazil  0.89 0.87 0.89 0.18 

 Chile  0.88 0.91 0.8 0.17 

 Colombia  0.88 0.91 0.83 0.3 

 Costa Rica  0.91 0.95 0.74 0.38 

 Guatemala  0.87 0.78 0.7 0.33 

 Mexico  0.89 0.91 0.85 0.49 

 Panama  0.85 0.66 0.77 0.28 

 Paraguay  0.87 0.94 0.85 0.32 

 Peru  0.91 0.88 0.9 0.28 

 Uruguay  0.87 0.95 0.86 0.22 

 Venezuela  0.88 0.86 0.81 0.31 

Americas    0.89 0.89 0.85 0.31 

SE Asia Bangladesh  0.96 0.89 0.88 0.19 

 India  0.76 0.92 0.79 0.49 

 Indonesia  0.91 0.96 0.91 0.37 

 Nepal  0.61 0.95 0.97 0.14 
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 Sri Lanka  0.92 0.89 0.9 0.63 

 Thailand  0.93 . 0.91 0.68 

SE Asia   0.78 0.92 0.82 0.46 

W Pacific China  0.61 0.65 0.79 0.17 

 Phillippines 0.4 0.91 0.84 0.5 

 Singapore  . . 0.92 0.48 

 S Korea  0.85 0.68 0.87 0.72 

 Vietnam  0.87 0.68 0.9 0.23 

W Pacific   0.69 0.68 0.84 0.26 
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Table 4 continued.  Sample means of variables by country and region 

     

Region Country Cig Price, 

local brand 

Cig Price, 

imported 

Tobacco 

Production 

Africa  Cote D'Ivoire  1.58 4.73 0 

 Kenya  2.16 4.32 608 

 Nigeria  2.68 4.02 176 

 Senegal  1.15 2.3 0 

 S Africa 2.87 2.87 0 

Africa    2.09 3.65 157 

Mid East Bahrain  2.29 2.29 0 

 Egypt  2.78 2.78 0 

 Iran  1.81 5.05 0 

 Jordan  1.41 3.45 119 

 Kuwait  2.06 2.06 0 

 Morocco  2.73 5.26 222 

 Pakistan  2.18 3.4 555 

 Saudi Arabia  1.85 2.64 0 

 Tunisia  4.53 4.53 323 

 UAE 2.54 3.38 0 

Mid East   2.42 3.49 122 

Europe  Czech Rep 2.89 3.97 0 

 Greece  2.8 3.11 11344 

 Hungary  2.15 3.73 1128 

 Kazakhstan  0.8 1.81 948 

 Poland  2.22 3.21 575 

 Romania  1.76 2.84 344 

 Russia  1.88 3.55 0 

 Turkey  3.42 4.34 1578 

 Ukraine  1.84 2.15 10 

Europe    2.19 3.19 1770 

Americas  Argentina  1.6 2.13 3104 

 Brazil  1.57 1.81 4998 

 Chile  3.11 3.89 484 

 Colombia  2.08 2.71 618 

 Costa Rica  1.12 1.45 0 

 Guatemala  2.57 2.82 1742 

 Mexico  1.93 2.53 184 

 Panama  2.14 2.58 702 

 Paraguay  2.01 2.61 2288 

 Peru  2.26 3.43 477 

 Uruguay  1.81 4.03 844 

 Venezuela  2.6 2.92 0 

Americas    2.07 2.74 1287 

SE Asia Bangladesh  1.62 3.24 259 

 India  2.8 4.57 492 

 Indonesia  1.64 2.11 740 

 Nepal  2.19 3.6 125 
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 Sri Lanka  4.68 8.94 0 

 Thailand  2.07 2.99 1111 

SE Asia   2.5 4.24 454 

W Pacific China  3.8 5.3 1956 

 Philippines 1.26 1.7 649 

 Singapore  4.88 5.21 0 

 S Korea 2.24 2.8 0 

 Vietnam  2.35 3.44 0 

W Pacific   2.9 3.69 521 
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Table 5.  Variance inflation factors for variables suspected of multicollinearity. 

               R-squared from OLS of suspect variable on all other suspect variables. 

    

 With Sentiment  Without Sentiment 

Variable VIF R-squared   VIF R-squared 

Price, local brand 1.32 0.24  1.14 0.12 

Anti-Smoking Sentiment 1.34 0.26    

Cigarette Advertising 1.12 0.11  1.11 0.10 

Anti-Tobacco Media 1.16 0.14  1.10 0.09 

Youth Access Restrictions 1.11 0.10  1.11 0.10 

Mean VIF 1.21   1.11  
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Table 6a.  Cluster correlations of individual cigarette demand 

  

Within-country 0.066 

Within-region 0.045 
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Table 6b.  Within-region cluster correlations of aggregate macro variables 

  

Variable Within-region cluster correlation 

Smoking prevalence 0.32 

Conditional cig demand 0.46 

Price, local brand 0.24 

Price, Imported-brand 0.42 

Anti-Smoking Sentiment 0.46 

Anti-Tobacco Media 0.36 

Cigarette Advertising 0.52 

Youth Access Restrictions 0.19 
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Chapter 2 

 

1. Introduction 

 

This paper investigates the impact of cigarette prices on smoking initiation and 

cessation among youth in low- and mid-income countries.  Unlike industrialized nations, 

cigarette smoking is on the rise in developing countries, which are expected to carry 78% 

of the world’s tobacco-related mortality by 2020 (Tobacco Control Country Profiles, 

2003).  In these countries smoking also occurs earlier in life - the starting age of smoking 

in the developing world can be as low as 7, and over 18 percent of adolescent smokers 

start smoking before the age of 10 (Global Youth Tobacco Survey (GYTS) 1999-2006). 

The contribution of this paper to the existing literature on tobacco use is twofold.  

First, this is the first paper to examine initiation and cessation decisions among youth 

outside of the United States.  In producing an estimate of the responsiveness of these 

decisions to cigarette prices, this research not only provides guidance for global anti-

smoking policy but also provides an interesting comparison for the disagreeing domestic 

literature on the topic.  

The second contribution is in the methodological application and in particular in 

discussing the sensitivity of the results to different types of empirical analysis.  This 

research is the first to compare in a single study three different types of duration methods 

previously used in the literature with often conflicting conclusions about the role of 

prices on the decisions to start or quit smoking.  These methods are the discrete-time logit 

hazard model, the Cox hazard model, and the split-population duration model.  The split-

population model extends the other two by relaxing one of the underlying assumptions of 
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standard duration analysis, namely, the assumption that all subjects who do not initiate 

smoking over the period of observation will eventually and certainly take up smoking if 

given enough time.  This model is particularly appropriate in the modeling of smoking 

decisions where some people will never smoke or some smokers will never quit.  While 

there are several studies utilizing the split-population model in the context of smoking 

initiation of cessation, this is the first to compare the sensitivity of the results between the 

split-population approach and the Cox and discrete-time Logit models. 

A statistically significant impact of cigarette price on the initiation (cessation) 

hazards is identified by the split-population analysis but not by either of the unsplit Logit 

and Cox models.  The split-population model may provide more valid price elasticity 

estimates by taking into account the influence of those individuals who never smoke or 

who, having started smoking, will never quit.  These individuals may not be as 

responsive to price and can attenuate the effect of price on the hazards of starting and 

quitting for the whole population.  Once their influence is accounted for in the split-

population model, cigarette price are be shown to be effective in delaying the onset of 

smoking as well as in shortening the duration of the smoking spell.  The price elasticity 

of initiation is estimated at -0.165, so that a 10% increase in the price of cigarettes 

corresponds to about 1.7% decrease in the hazard of starting smoking.  The price 

elasticity of cessation is estimated at 0.27, so that a 10% increase in the price of cigarettes 

corresponds to about 2.7% increase in the hazard of quitting.   

A key identification concern in the analysis is the presence of country-specific 

unobserved characteristics that can be correlated with both cigarette prices and the 

frequency of smoking initiation.  If these are not accounted for, they may lead to biased 
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and inconsistent estimates of the price effect.  For example, local anti-smoking sentiment 

may translate into both higher cigarette prices (through higher taxation) and lower 

smoking.  If sentiment is left out of the analysis, its impact on smoking will be picked up 

by cigarette prices, leading to a biased price effect estimate.  This paper addresses this 

issue with country fixed effects which remove the unobserved time-invariant influences 

of the local environment.  

Although the usual way of evaluating smoking patterns and their determinants is 

by modeling smoking participation at a point in time, looking at the decision to start and 

quit smoking over a period of time has several advantages over looking at smoking 

participation rates alone.  Smoking participation describes a static condition – it is a stock 

variable reflecting the inflow of starters and the outflow of quitters at each point in time.  

On an individual level, smoking participation at a certain age reflects the cumulative past 

decisions to start or quit smoking at all previous ages.  These past decisions to smoke or 

not to smoke hold a wealth of information about the determinants of smoking which 

would be missed by looking exclusively at current smoking participation.  Another 

problem with modeling smoking participation as a stock variable is that it ignores the 

addictiveness of smoking by not conditioning on past smoking status (DeCicca et al 

2008).  In contrast, past smoking status enters implicitly in the modeling of initiation and 

cessation decisions because the probabilities of starting or quitting smoking in each time 

period are conditional on past smoking status. 

In investigating the drivers of negative behaviors such as smoking, it can be a 

good idea to focus on populations that are particularly vulnerable to such behaviors.  In 

this sense, this research targets the right sample by considering youth from developing 
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countries.  Since smoking is initiated mainly in youth, adolescents in general are at higher 

risk for starting to smoke.  Adolescents in lower-income countries are at an even higher 

risk due to the higher popularity of tobacco use there.  I use GYTS survey data on nearly 

420,000 school-age individuals from 44 lower-income countries to construct a dataset 

where each individual’s smoking behavior is followed over time in an effort to determine 

if this behavior can be affected by cigarette prices. 

Smoking behavior in youth has different patterns in different parts of the world.  

The relative hazards of initiation by region are shown in Figure 1a, and Figure 1b has the 

corresponding hazards of cessation.  The hazard of initiation among adolescents is 

highest in Europe and Latin America and is lowest in Southeast Asia and the Middle 

East.  Although youth from Latin America are at high risk for starting to smoke, they are 

less likely to stick with the habit and have one of the highest rates of quitting.  This is not 

the case with Europe where youth not only have one of the highest risks for starting to 

smoke but are also among the least likely to quit.  Youth in Southeast Asia have a low 

hazard of starting but once having started, they maintain the habit longer and have a very 

low quitting rate.  The same holds for countries in the African region.  In most regions, 

the hazard of initiation peaks between the ages of 12 and 15. The hazards of cessation do 

not have a recognizable peak for most regions, and are relatively constant over time.  One 

exception is the Western Pacific region, where the highest rate of quitting occurs about 9 

years after smoking has started. 

 

2. Literature review 
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Although evaluating smoking initiation and cessation has some advantages over 

evaluating smoking participation, the literature on initiation and cessation is not nearly as 

extensive as that on participation.  Studies have generally focused on analyzing data from 

the United States (Cawley, Markowitz and Tauras (2006, 2004)), (DeCicca et al (2008, 

2002), Tauras and Chaloupka (1999), Douglas (1998), Douglas and Hariharan (1994)), 

with some looking at British data (Forster and Jones (2001), Madden (2007))  and one 

study considering Spanish data (Nicolas (2002)).  There seems to be no consensus 

regarding the effect of price or tax on smoking initiation.  Some studies find a significant 

price effect while others do not, and the effects may differ according to gender.  The price 

responsiveness of quitting however seems to be less controversial than that of starting; 

most studies find that higher cigarette prices lead to increased quitting. 

Among the studies providing mixed evidence on the impact of cigarette price on 

adolescent smoking initiation are Cawley, Markowitz and Tauras (2006, 2004).  These 

studies use data on youth from different cohorts of the National Longitudinal Survey of 

Youth and estimate the effect of price while also taking into account the effect that body 

weight could have on the smoking uptake decision.  They find evidence that price affects 

the smoking behavior of males but not females. 

Studies that show lack of tax/price responsiveness of smoking initiation include 

DeCicca et al (2008, 2002), Douglas (1998), and Douglas and Hariharan (1994).  

DeCicca et al (2002) use US data on high-school students and find that cigarette taxes 

have no effect on the onset of smoking between the 8
th

 and 12
th

 grades once state fixed 

effects are included.  In a follow-up study from 2008, the authors confirm these findings 

using a slightly older sample of individuals up to age 26.  In this study, DeCicca et al 
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(2008) use a direct measure of state anti-smoking sentiment as well as state fixed effects 

to identify the tax responsiveness of smoking initiation and cessation in the presence of 

state-level unobservables.  Employing a discrete-time hazard probit model, they find that 

the young people in their sample are not responsive to cigarette taxes when initiation is 

concerned but that higher taxes may promote quitting.   

Douglas and Hariharan (1994) are the first to use the split-population duration 

model for estimating smoking initiation as a function of cigarette price.  This model 

allows them to control for the possibility that a certain portion of the population will 

never smoke.  However, their specification does not account for state or time fixed 

effects.  Ignoring state fixed effects can interfere considerably with the identification of 

the price effect if unobserved state characteristics like anti-smoking sentiment are 

correlated with both cigarette prices and smoking prevalence.  An exogenous time trend 

is also necessary to reflect the change in attitudes toward smoking that may have 

occurred independently over time.  Douglas (1998) extends the analysis in Douglas and 

Hariharan (1994) by introducing controls for state-level regulation but still fails to control 

for state and time effects.  Both of these two studies find no evidence that cigarette prices 

influence smoking initiation.   

Studies finding that price/tax lowers initiation or increases cessation include 

Tauras and Chaloupka (1999), Forster and Jones (2001), and Nicolas (2002).  Tauras and 

Chaloupka (1999) follow a sample of U.S. high-school cigarette-smoking seniors through 

early adulthood and examine their decision to quit smoking during this period.  They use 

a Cox hazard model to estimate the effect of cigarette prices and find that it is a 

significant determinant of the quitting hazard with a price elasticity of quitting slightly 
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above unity.  Although this study includes fixed effects by Census region, it does not 

include state fixed effects which may bias the results if there is unobserved state-level 

heterogeneity.  Forster and Jones (2001) use British data to estimate the tax elasticities of 

starting and quitting smoking.  Like Douglas (1998) and Douglas and Hariharan (1994), 

they allow for the probability of never smoking by modeling initiation with a split-

population duration model.  In modeling the prevalence of initiation, they do not include 

tax as an explanatory variable so no inference can be made about the tax elasticity of the 

probability of initiation.  Tax, however, is included in the model of time-until-initiation, 

resulting in a 0.16 and 0.08 tax elasticity of age of initiation for men and women, 

respectively.  They do not use a split-population model to model cessation since they 

assume that every smoker will eventually quit.  Applying a non-split generalized gamma 

model on the sample of smokers, they estimate the tax elasticity of the length of the 

smoking spell as -0.6 for men and -0.46 for women.   

Nicolas (2002) uses Spanish data to perform a study of initiation and cessation 

that mirrors the Forster and Jones (2001) analysis of British data.  Using a split-

population duration model for initiation, he finds that a 10% increase in price corresponds 

to a modest month-long delay in the onset of smoking.  No estimate of the price elasticity 

of the probability of initiation is provided because price is not used to predict it.  Quitting 

is estimated with a non-split Weibull model, which shows that a 10% increase in price 

can shorten the smoking habit by up to 18 months. 

Most recently, Madden (2007) uses data on Irish women to determine the effect of 

cigarette taxes and education on starting and quitting smoking.  The analysis is similar to 

Forster and Jones (2001) in employing split-population model to initiation and standard 
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non-split parametric model to cessation.  For both initiation and cessation, the results on 

the tax effect are inconclusive and its significance is not robust to different specifications.  

Given the limited nature of the sample and the relatively weak tax results, this study does 

not provide a definitive conclusion regarding the impact of tax. 

In summary, the literature on smoking initiation and cessation has produced 

contradictory conclusions regarding the effect of cigarette prices (taxes), and more 

research is needed to shed light on the question of people’s responsiveness to cigarette 

prices.  This is especially true for developing countries which have had to rely on 

evidence from developed countries for insight on their own policies.  In taking a global 

view at this question, this article provides a unique contribution to a yet unsettled topic of 

research. 

 

3. Data and variables 

 

The dataset is a combination of two main sources.  Micro-level data on individual 

characteristics and smoking behavior are obtained from the Global Youth Tobacco 

Survey (GYTS).  These are merged with country-level data on cigarette prices from the 

Economist Intelligence Unit’s World Cost of Living Survey (EIU).  Besides Kostova et al 

(2009), this is the fist study to utilize GYTS data in combination with cigarette prices and 

is therefore an original analysis of youth’s smoking decisions as a function of price. 

The GYTS is a survey developed by the World Health Organization (WHO) and 

Centers for Disease Control and Prevention (CDC) to track tobacco use of young people 

across countries with a common methodology.  It has been conducted in 135 low-to-mid-
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income countries from the six major world regions (Africa, Europe, Americas, Southeast 

Asia, Middle East, and Western Pacific) in various years from 1999 to 2006.  It captures 

prevalence, access, media exposure and attitudes related to tobacco use among 

individuals in school grades corresponding to ages 13 to 15, although in practice the age 

range of the survey is wider and covers individuals between the ages of 11 and 19.   

Since the goal of this research is to analyze the rates of smoking initiation and 

cessation that occur over time during the years of adolescence, the dataset needs to be of 

longitudinal nature.  The GYTS is not a longitudinal survey that follows and re-

interviews individuals over time.  Instead, it collects information on current smoking 

status and other behaviors at a fixed point in time.  However, it is possible to construct 

the necessary longitudinal dataset by inferring the past from some of the survey 

questions.  This is possible because the GYTS contains retrospective information on 

smoking such as age of initiation and time of quitting, from which the length of the 

smoking habit can be inferred.  Specifically, the answer to the question “How long ago 

did you stop smoking?”  allows me to distinguish between never-smokers, current 

smokers, and former smokers who have quit within the previous year, 2 years earlier, or 3 

or more years earlier.  This produces information on the year of cessation
2
.  For those 

individuals classified as current or former smokers, the year of initiation is approximated 

from the question “How old were you when you first tried a cigarette?” 
3
  Knowing the 

                                                 
2
 For those who indicate having quit 3 or more years earlier, I assume quitting occurred 3 years earlier.  

Although this would produce a measurement error for those quitting 4 or more years earlier, I assume that 

this error is negligible.  The average age of the survey participants is fairly young, so it is safe to assume 

that not many would have had time to start, form a habit, and quit more than 3 years before they were 

interviewed.  
3
 The answers to this question do not provide the exact age of starting smoking but only provide ranges 

spanning over 2 years, such as: 7 years old or younger, 8-9 years old, 10-11 years old, 12-13 years old, 14-

15 years old, and 16 years old or older.  I take the midpoint of each range as the age of starting smoking 

which effectively means that initiations in this sample are assumed to have occurred only at the following 
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years of initiation and cessation permits matching of the time of the smoking decision to 

the price of cigarettes at the time of the decision.  Over the period of observation, 16 

percent of subject initiate smoking, and 46% of smokers quit.  The average length of the 

smoking spell among quitters is 3 years.   

 

Cigarette Prices 

 

Data on the price of cigarettes over time is obtained from the EIU World Cost of 

Living Survey.  This is a privately developed survey by the publishers of The Economist 

magazine.  It collects retail price data of a wide range of consumer products on a bi-

annual basis from multiple cities worldwide, including many developing countries.  

Cigarette price data are available on two different brands, a locally popular brand and an 

imported brand, usually Marlboro.  Prices are collected from one or more cities in each 

country.  If for a particular country cigarette price data come from multiple cities, the 

averaged national price is used in this study.  Prices are in U.S. dollars based on the 

relevant exchange rate and are converted into real terms using the 2000 U.S. GDP 

deflator.  They are also adjusted using purchasing power parities (PPP) obtained from the 

World Bank’s World Development Indicators database.  The PPP adjusts prices for the 

local standard of living and allows for better price comparison between countries.  In the 

primary analysis of smoking initiation and cessation, I use local-brand cigarette prices, 

but a sensitivity analysis using Marlboro prices is performed as well.   

                                                                                                                                                 
ages: 7, 9, 11, 13, 15, or 16.  This certainly produces a measurement error in the estimated year of 

initiation.  However, the year of initiation as well as the year of cessation form the dependent variable in 

this analysis, so this measurement error should not cause estimation problems as it will be reflected in the 

error term.   
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The final dataset used in this research excludes many of the original GYTS 

countries due to unavailability of matching price data.  However, the geographic variation 

of price is increased by the fact that in some countries GYTS surveys were conducted in 

multiple local sites like cities or provinces.  Where the GYTS city survey site matches the 

EIU city survey site, local city prices are used instead of the nationally averaged price.  

This produces geographic variation of price within country for some countries. 

 

Other independent variables 

 

Besides prices, other determinants of smoking behavior in this analysis include 

age (Age), sex (Sex), parental smoking status (Parental Smoking), a variable indicating 

whether the person receives pocket money at the time of the survey (Pocket Money), and 

per capita GDP (GDP).  Sex is a binary variable equal to 1 if the subject is male.  GDP 

controls for the relative wealth of each country and puts cigarette prices in better 

perspective in terms of affordability.  It is also necessary in case people’s smoking 

behavior changes in times of economic growth.  Parental Smoking is a binary indicator 

equal to 1 if one or both parents smoke at the time of the interview.  Pocket Money is a 

binary indicator equal to 1 if the subjects receives pocket money or personal income at 

the time of the interview.  Although Parental Smoking and Pocket Money are not 

inherently fixed over time, the only information available on them is from the year of the 

interview.  There are no questions in the survey from which it is possible to infer past 

parental smoking or pocket income in previous years.  Therefore these variables are 

merely proxies for some unobserved fixed family characteristics that may influence 
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smoking.  For example, if an individual reports that at least one of his parents smokes at 

the time of the interview when he is 16, this does not necessarily mean they also smoked 

when he was 10 (although it is fairly likely), but it may indicate a more permissive 

parental attitude toward smoking that is constant over time.  As another example, if an 

individual reports receiving pocket money on the date of the interview, then this may 

indicate a higher-income family and more access to money prior to the interview as well. 

In addition to controlling for individual and family characteristics, it is necessary 

to account for a secular time trend that may influence smoking.  In particular, attitudes 

toward smoking may change independently over time as more health information 

becomes available and/or more schools in developing countries implement anti-tobacco 

education.  This is done by adding a time trend Year to the model. Year is measured in 

years since 1989.  The time trend reduces noise but is also costly in terms of 

identification of the price effect.  Since all variation in cigarette prices can be attributed to 

variation across calendar years, it is difficult to separate the time trend and the price 

effect.  What has customarily been done in the literature to counteract this problem is 

adding a higher-order polynomial in the time trend.  In this analysis a quartic polynomial 

in Year is included. 

As it frequently happens with individual-level data obtained from surveys, 

multiple observations are missing due to non-response or absent questionnaire parts.  

This is a nontrivial problem since missing observations from four major individually 

descriptive variables – age, sex, parental smoking status, and receiving of pocket money 

– add up to 20 percent of the total number of observations.  Out of these, the pocket 

money variable is missing most frequently due to absence of a related question in the 
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survey questionnaires for some countries and years.  Since we cannot assume that these 

observations are “missing completely at random”, excluding them may lead to estimation 

bias.  We may assume, however, that the missing observations can be classified as 

“missing at random”, meaning that they can be explained by available data and therefore 

imputed.  This is especially obvious in the case of the pocket money variable, where most 

missing values can be explained by country and year.  We use the method of iterative 

imputation to fill in missing observations for age, sex, parental smoking status, and 

pocket money.  This method has been recognized to have advantage over alternatives 

such as substitution of missing values by the sample mean or regression methods, both of 

which can lead to underestimation of the standard errors and erroneously significant 

results (Schafer & Olsen 1998). 

 

4. Methods 

 

The goal is to estimate the hazard of starting and quitting smoking over a period 

of time – in this case, during the years of adolescence.  This presumes use of duration 

(survival) analysis.  Duration analysis is concerned with analyzing time to the occurrence 

of an event, also known as failure.  “Failure” in this article refers to either starting 

smoking in the modeling of initiation, or quitting smoking in the modeling of cessation.  

In estimating the length of time to failure, duration analysis calculates the hazard rate of 

failure (the hazard) – the probability that failure will occur at each time t, conditional on 

its not having occurred yet.  Longer times-to-failure translate into lower hazard rates and 

vice versa.   
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The events of interest in this analysis are smoking initiation and cessation 

between the ages 9 and 19.  The hazard of smoking initiation at a particular moment in 

time is the probability that a person will start smoking at that time, given that he has not 

started smoking yet.  The hazard of smoking cessation at a point in time is the probability 

that a current smoker will quit smoking at that time, given that he is still a smoker.  

Although unconditional hazard rates can be calculated from the observed timings of 

smoking initiation or cessation in the dataset, hazard rates that are conditional on 

covariates such as prices, gender, etc. are not observed and must be modeled 

parametrically to provide inference on covariate effects.  The goal of this research is to 

compare the appropriateness of three different duration techniques for modeling the 

hazards of initiation and cessation and to estimate how these hazards may respond to 

changes in cigarette price.   

A fundamental difference between duration analysis and conventional 

longitudinal analyses is that in duration analysis, time does not have the same meaning as 

calendar time.  Calendar time flows in the same way for every individual.  Time in 

duration analysis is the number of periods elapsed since the individual started being at 

risk for failure, and varies for each individual.  Explaining the individual variation in 

failure times is what duration analysis is concerned with.  Given this distinction, it is 

necessary to start observing each individual from the time when he starts being at risk for 

failure (time zero).  The period of observation ends for each individual when he 

experiences the risky event (fails).  If no failure occurs by the date of the interview, 

observation ends on the year of the interview and the individual is considered censored.  

In the case of smoking initiation, time zero is assumed to be the year in which each 
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individual is 9 years old – i.e., each individual starts being at risk for starting to smoke at 

age 9.  Therefore, when reference is made to initiation time t, this means not calendar 

year but to the number of years elapsed between age 9 and the year of initiation (or 

censoring, whichever comes earlier.)  The choice of age 9 as the beginning of risk for 

smoking is somewhat arbitrary.  It is based on the information that about 20 percent of 

the smokers in the GYTS survey report having tried their first cigarette before the age of 

10.  Deciding on time zero in the analysis of smoking cessation is much clearer.  In this 

case, time zero is the year smoking is initiated – i.e., each individual starts being at risk 

for quitting as soon as he starts smoking.  When reference is made to cessation time t, this 

means the number of years from the year of initiation to the year of cessation or 

censoring (i.e., length of smoking spell).    

 

4.1. Non-parametric estimation.  

 

A critical assumption in parametric duration modeling is the probability 

distribution of failure times.  Non-parametric modeling of the hazard rates can be used to 

provide information on the probability distribution of failure times and can therefore be 

helpful in finding the best distributional assumption.  More specifically, the shape of the 

hazard function with respect to time can be used to determine what the assumed 

probability distribution of failure times should be.
4
  Non-parametric methods such as the 

                                                 
4
 By definition, at each possible failure time t, the hazard rate h(t) directly corresponds to the probability 

density of failure times f(t).  In notation,
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th , where S(t) is the survival function.  

In words, the hazard at time t is the ratio of the density of failing at time t to the probability of not failing, 

or surviving, until time t.  Since the hazard is proportional to the density, the density function can be 

inferred from the shape of the hazard function. 
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Nelson-Aalen method can produce a picture of the observed hazards of initiation 

(cessation) in our sample without conditioning on any covariates or assuming a 

distributional form for the times to initiation (cessation).  Based on the assumption that 

the hazard is the same for everyone, the Nelson-Aalen estimator approximates the hazard 

at each point in time as the ratio of the number of events occurring at that time to the 

number of individuals at risk.  Figures 2a and 3a represent the nonparametric estimates of 

the initiation and cessation hazards, respectively.  For both initiation and cessation, the 

hazard is non-monotonic, first increasing and then decreasing.  Initiation hazard peaks 

around the age of 13 at about 3 percent.  Cessation hazard increases until around 4 years 

into the smoking spell, remains fairly flat at 15 percent between 4 and 9 years and falls 

slightly afterward.  The nonparametric shape of the hazard functions suggests that the 

distributions of time to initiation or cessation must be non-monotonic such as the log-

normal, logistic, or log-logistic functions.   

Using the nonparametric hazards in Figures 2a and 3a as a baseline for 

comparison, I develop three parametric hazard models of initiation and cessation.  I begin 

by setting up a simple discrete-time model of initiation and cessation as in DeCicca et al 

(2008).  Next I set up a semi-parametric Cox hazard model as in Tauras and Chaloupka 

(1999).  Finally, I introduce a split-population duration model as in Forster and Jones 

(2001) and Douglas and Hariharan (1994), among others.  Comparing the shape of the 

hazard rates of each parametric model to the nonparametric hazards can be used as 

evidence for goodness of fit. 

 

4.2. Parametric estimation 
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The hazards (ht) of initiation and cessation are modeled as functions of current 

cigarette price (Pricet), a vector of individual characteristics Xi, country-level 

characteristics that are both time-variant (GDPjt) and fixed (Countryj), and a quartic 

calendar time trend (Yeart): 

 

ht(initiation) = Pr(initiate|no prior smoking) = 

f(0+1Pricet+2Xi+3GDPjt+4Yeart+5Countryj)   (1) 

 

ht(cessation) = Pr(cessate|prior smoking) = 

f(0+1Pricet+2Age+3Xi+4GDPjt+5Yeart+6Countryj)   (2) 

 

where t denotes analysis time
5
, i denotes individual, and j denotes country. The 

vector of individual characteristics Xi includes Sex, Parental Smoking, and Pocket Money.  

Age is age at time t 
6
,  GDPjt  is the log of current per-capita GDP, Yeart is a quartic 

polynomial in calendar year since 1989, and Countryj is a binary variable for each 

country – the country fixed effects.   

 

4.2.1 The discrete-time logit hazard model 

                                                 
5
 It is important to remember that in duration analysis, analysis time t is time since beginning of risk, which 

is not necessarily equivalent to calendar time.  For example, in the initiation model, t=1 is when age=9, 

which occurs in different calendar years for different individuals.  In the cessation model, t=1 is the year 

when smoking started, which is also different for everyone. 
6
 Note that the initiation hazard model in Equation 1 does not contain age as a covariate.  This is because 

for each individual analysis time t  is determined solely in reference to age (initiation risk begins at age 9, 

so t is simply the number of years since age 9).  Since the hazard rate ht
I
 is the distribution of initiation 

times t, the covariate aget would be collinear with the outcome and would have no explanatory power.   

This is not the case in the cessation hazard model, where analysis time t is determined in reference to the 

year of smoking initiation.  Age is therefore included in the model of cessation. 
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If f(.) is the logistic distribution function, Equations 1 and 2 can be estimated by 

logit.  This is known as the discrete-time logit hazard model, where the hazard function 

(using general notation) is 
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4.2.2 The Cox proportional hazards model 

 

It is possible to estimate the hazard parameters without specifying a particular 

distribution for the hazard.  This can be done with the Cox proportional hazards model.  

The Cox model does not impose a particular shape on the hazard function but it assumes 

that whatever the shape of the hazard may be, it is the same for everybody.  The 

presumption of the Cox model is that there exists a baseline hazard function, ht
baseline

, 

which is not affected by individual covariates.  This baseline hazard is the same for 

everyone and is the single underlying shape of everybody’s individual hazard.  The 

individual hazards are determined by multiplying the baseline hazard by the effect of the 

covariates, i.e., the individual hazards shift multiplicatively with the baseline and are 

proportional to it.  In general notation, the hazard is 
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The baseline hazard ht
baseline

 is estimated non-parametrically as in the Nelson-

Aalen method, which means that the distribution of the number of failures over time is 

taken as given by the data.  Once this is done, the individual probability of failure at each 

time is modeled as a function of the covariates, parametrizing the covariate effects on the 

hazard.  The Cox hazard model is semi-parametric because it estimates the distribution of 

failure times nonparametrically while estimating the probability of failure around each 

failure time parametrically. 

 

4.2.3 The split-population duration model 

 

Both the logit hazard model and the Cox hazard model treat individuals who have 

not experienced failure by the date of the interview as censored observations, assuming 

that they would eventually fail if the observation period were long enough.  This may not 

be a reasonable assumption in the case of smoking, where some individuals will never 

smoke, or some smokers will never quit.  In the analysis of smoking initiation, it is 

possible to account for the possibility that a certain proportion of people will never start 

smoking by splitting the sample into never-smokers and potential/observed smokers.  

First, a probability of ever smoking is estimated in order to distinguish between never-

smokers and potential smokers.  Then, assuming that the initiation hazard for the never-

smokers is zero for all times t, initiation hazard rates are estimated only for the smokers.  

A similar procedure can also be applied to the analysis of smoking cessation where the 

sample of smokers can be split between never-quitters and quitters.  The type of duration 

model which allows for the possibility of never failing is referred to as the split-
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population model in the economics literature and was first introduced by Schmidt and 

Witte (1989) in the treatment of criminal recidivism.   

The main advantage of the split-population model over non-split models is that 

the former weights the hazard of failure by the probability of ever experiencing failure.  

The contribution of individual i to the log-likelihood function of smoking initiation is  

 

di*ln{P(ever initiate)*f(t|t>0)} + (1-di)*ln{P(never initiate)+P(ever initiate)*f(t|t=0)} 

 

where di is a binary indicator for starting to smoke at some point during the period 

of observation, t is the time of initiation measured in number of years since age 9, and f(t) 

is the probability density function of these times-to-initiation.  Initiation time t is positive 

if initiation takes place between age 9 and the interview date, and zero if no initiation is 

observed by the interview date. If an individual is observed to starts smoking, his 

contribution to the likelihood function is the probability of starting to smoke multiplied 

by the density of starting to smoke at time t.  If he is not observed to start smoking, his 

contribution is the probability that he will never smoke, plus the probability of starting 

multiplied by the density of starting after the observation period ends. 

Similarly, for quitters, the individual contribution to the likelihood function is 

 

di*ln{P(ever quit)*f(t|t>0)} + (1-di)*ln{P(never quit)+P(ever quit)*f(t|t=0)} 

 

where di is a binary indicator if quitting is observed, t is the time of cessation 

measured in number of years since smoking began, and f(t) is the probability density 
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function of these times-to-cessation.  Cessation time t is positive if quitting takes place by 

the interview date, and zero if no quitting is observed by the interview date. If an 

individual is observed to quit, his contribution to the likelihood function is the probability 

of quitting multiplied by the density of quitting at time t.  If he is not observed to quit, his 

contribution is the probability that he will never quit, plus the probability of quitting 

multiplied by the density of quitting after the end of observation. 

The choice of the distribution of failure times for the starters and quitters in the 

split-population model depends on the shape of the hazard functions for starting and 

quitting.  As shown in Section 4.1, non-parametric approximations of the hazard rates of 

both initiation and cessation indicate that they first increase and then decrease.  Therefore 

the functional form has to be non-monotonic, allowing for changes in the direction of the 

hazard over time.  Following convention, I use the log-logistic distribution to model the 

hazards of initiation and cessation for the smokers and the quitters, respectively.  The 

probabilities of ever smoking or quitting are estimated using logit. 

 

5. Results 

 

5.1. Initiation 

 

The results from initiation hazard models using local-brand cigarette prices are 

listed in Table 1a. Table 1b contains the corresponding price elasticities of initiation.  The 

first two columns of Table 1a contain the marginal effects from the Logit hazard models 

of initiation.  The coefficients from the Cox and split-population models are shown in the 
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middle two and last two columns, respectively.  These coefficients do not have a direct 

interpretation as marginal effects, but their signs and statistical significance provide 

information about the effects of the covariates on the hazard.
7
   

With the exception of Price, all explanatory variables have a positive and 

significant impact on the hazard of initiation.  Male sex, availability of pocket income, 

having parents who smoke, and higher per capita GDP all increase the probability that a 

previously non-smoking individual will start smoking. In contrast, cigarette price has a 

negative coefficient in all specifications, and is also statistically significant as long as 

country fixed effects are not accounted for.  Accounting for country fixed effects reduces 

the magnitude of the impact of Price and removes its statistical significance in the Logit 

and Cox models.  However, country fixed effects do not reduce the statistical significance 

of Price in the split-population model, even though they still reduce its magnitude.   

After using country fixed effects to control for unobserved environmental 

characteristics such as anti-smoking sentiment, it is possible to identify the presence of a 

price effect only by splitting the sample into never-smokers and eventual smokers.  In 

interpreting this result, it is important to remember the key structural distinction between 

the split-population model and the unsplit models, namely that the split-population model 

removes the influence on the initiation hazard of the individuals who are never going to 

initiate, the never-smokers.  The unsplit models, in contrast, assign a positive initiation 

hazard to everyone, including the never-smokers.  If cigarette prices are not a significant 

                                                 
7
 The coefficients from the Cox and split-population models do not have a direct interpretation but can be 

transformed into hazard ratios by exponentiation.  The hazard ratio is the ratio of the hazard for a 1-unit 

change in the corresponding covariate.  For example, the exponentiated coefficient on Price in the last 

column of Table 1 is exp(-0.14) which equals to a hazard ratio of 0.87.  This means that the hazard of 

initiation for someone facing a cigarette price that is higher by $1 is only 87% of the hazard for someone 

who does not face the higher price.  In other words, a $1 cigarette price increase corresponds to a 13% 

decrease in the initiation hazard. 
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factor in determining the initiation hazards of the never-smokers (as should be expected, 

since the never-smokers are not truly at risk of initiation), then including the never-

smokers in the sample may dilute the estimated overall price effect and lower its 

significance.  

The implication is that if everyone was assumed to start smoking eventually, then 

cigarette prices do not determine the onset of smoking initiation.  If, however, the 

analysis allows for the possibility that some people will never smoke and only considers 

the true eventual smokers, then higher cigarette prices reduce the hazard of initiation at 

each point in time and can effectively delay the onset of smoking.  The price elasticity of 

initiation in the split-population model is -0.165, so that a 10% increase in the price of 

cigarettes corresponds to about 1.7% decrease in the initiation hazard rate. 

 

Initiation results by gender 

 

To check how the determinants of initiation may differ by gender, the logit 

discrete-time hazard model is applied to subsamples of males and females only.  After 

controlling for country fixed effects, the price elasticity for boys becomes statistically 

equal to zero.  In comparison, the price elasticity for girls is higher in terms of both 

magnitude and statistical significance.  As shown in Table 5, it is equal to -0.317, 

implying that a 10% increase in the price level would correspond to a 3% drop in the 

initiation rate for girls.  This is in contrast to recent findings from U.S. data which find 

that cigarette price is more likely to influence initiation among young men than women 

(Cawley et al. 2006, 2004).  Why such difference in the gender responses may exist 
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between developing countries and the U.S. is open to interpretation.  Perhaps girls in 

developing countries have higher income constraints than boys, leading them to be more 

responsive to changes in the price of cigarettes.  This is possible because even though the 

present models include a rough control for family income through the Pocket Money 

variable, they do not account for the actual amount of money received by each subject at 

each point in time.  Another possible explanation is behavioral differences in money 

handling among the genders in developing countries.  It has been shown that low income 

females in some developing countries show more responsibility with money allocation 

than males.  The present finding of higher price responsiveness among females may be an 

indirect reflection of such traits.   

 

5.2. Cessation 

 

The results from cessation hazard models using local-brand cigarette prices are 

listed in Table 2a, and the corresponding price elasticities are presented in Table 2b.  

Covariates that are shown to delay quitting in youth are male sex, parents who smoke, 

having pocket money, and country GDP.  As expected, the hazard of cessation increases 

with age.  The sign of the Price coefficient has the expected positive sign in all 

specifications but is not statistically significant, failing to produce evidence that price has 

an effect on smoking cessation among youth.  It is perhaps not surprising that it is 

difficult to pinpoint the effect of price on the quitting hazard of youth.  The very young 

age of the sample may cast doubt on the validity of the responses to the quitting question, 
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since very young smokers may mistakenly indicate a temporary non-smoking spell as 

quitting. 

Cessation results by gender are shown in Table 6, and do not reveal differences by 

gender.  Just as in the full-sample analysis, cessation rates are not responsive to changes 

in cigarette price for both males and females.   

 

6. Testing for model specification and sensitivity analysis 

 

One way to determine the goodness of fit of the parametric models is to compare 

the shapes of their predicted hazard functions of initiation and cessation to their 

nonparametrically-estimated counterparts in Figures 2a and 3a.  Although a visual 

inspection is informative for the logit and split-sample models, a comparison between the 

semi-parametric Cox hazard function and the nonparametric hazard function is not useful 

because the two are a perfect match.
8
  However, it is possible to test the appropriateness 

of the Cox model by testing if the proportionality assumption holds.   

The proportionality assumption of the Cox model is examined using the test of 

Schoenfeld residuals.  The idea behind this test is that if the proportionality assumption 

holds, then the residuals from the Cox model would not vary by failure time (Since all 

variation in the hazard with respect to failure time should already be explained by the 

specification, the residuals should be constant over time).  The test of Schoenfeld 

residuals is essentially a test of the correlation between the Cox residuals and time.  

                                                 
8
 Recall that the baseline Cox hazard (which does not account for any individual covariates) is estimated 

nonparametrically much in the same way as the Nelson-Aalen method described in Section 4.1.  Since the 

overall Cox hazard (which does account for individual covariates) is just a multiplicative function of the 

baseline, the overall Cox hazard has the same shape as both the baseline Cox hazard rate and the 

nonparametric hazard rate. 
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Under the null hypothesis of proportional hazards, the residuals are independent of time.  

The test statistics are listed in Tables 1a and 2a and show that the null hypothesis is 

rejected for both initiation and cessation.  Although this result indicates that the 

proportionality assumption may not hold, it does not necessarily render the Cox model 

irrelevant.  Since all Cox regressions in this analysis contain a time-varying covariate, 

Price, the proportionality assumption can be relaxed
9
.  

 

6.1. The shape of the initiation hazard 

 

Figure 2a presents the nonparametric Nelson-Aalen approximation of the 

initiation hazard function without controlling for any individual or geographic differences 

in smoking patterns.  It shows that the risk of initiation increases to almost 3 percent 

around the age of 13 and declines thereafter.  As discussed above, a perfect fit to the 

shape of the non-parametric hazard function is provided by definition by the Cox model, 

so a graph of the Cox hazard is not separately shown.  A graph of the hazard function 

predicted by the Logit model is shown in Figure 2b, and a graph of the hazard function 

predicted by the split-population model is shown in Figure 2c.  In terms of fit, the semi-

parametric Cox model is superior to the Logit and split-population models, both of which 

impose a specific distribution on the probability of initiation.  Because of this 

                                                 
9
 By definition, in the Cox model the movement of each individual hazard over time (i.e., the shape of the 

hazard function) is determined by two factors: 1) the movement of the baseline hazard over time and 2) the 

change in individual covariates over time.  If the covariates are fixed over time, the only factor to determine 

how the individual hazard changes over time is the baseline hazard.  Since the baseline hazard function is 

the same for everybody, every individual hazard will follow the baseline hazard in exactly the same way 

over time and will therefore be proportional to the baseline and to each other at each point in time.  If the 

covariates change over time, then the shape of the individual hazard with respect to time will be determined 

not only by the baseline but also by individual covariates.  This means that the individual hazard functions 

would be truly individual, not merely multiples of the baseline – and therefore not necessarily proportional 

to the baseline or to each other. 
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distributional restriction, the initiation hazards predicted by the Logit and split-population 

models cannot resemble the nonparametric hazard as closely.  As shown in Figure 2b, the 

Logit hazard function peaks before the age of 12 at about 2 percent and declines 

relatively sharply thereafter.  The split-population hazard in Figure 2c has a slightly better 

fit to the data because it does not decline as sharply as the Logit hazard, but it still peaks 

earlier than the data says it should.   

The conclusion regarding the relative performance of the initiation models as 

evidenced by the shape of the predicted hazard rates is as follows.  If we believe the 

assumption that all people are eventual smokers, then the Cox semiparametric model is 

probably a better modeling option than the Logit parametric model.  If we wish to relax 

this assumption, the split-population logistic parametric model is a very good alternative 

as it still provides a good approximation of the data.  Since it is likely that the assumption 

of the unsplit models does not hold in the case of smoking initiation, the preferred model 

in this research is the parametric split-population model. 

 

6.2. The shape of the cessation hazard 

 

The nonparametric depiction of the cessation hazard is shown in Figure 3a.  The 

observed hazard of cessation is relatively flat.  It slightly peaks around 4 years into the 

smoking spell and stays flat at around 14 percent for another five years, after which it 

declines slightly.  The cessation hazard predicted by the Logit model is shown in Figure 

3b and does not have a very similar shape to the observed (nonparametric) hazard.  It 

increases until about 11 years after smoking has started, reaching to over 20 percent 
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probability of quitting.  Figure 3c depicts he hazard function predicted by the split-

population model.  Its shape is not very similar to either of the other hazards.  It peaks to 

a little below 20 percent at around 5 years into the smoking spell and declines relatively 

sharply afterward.  However, in terms of resemblance to the nonparametric hazard, the 

split-population hazard is perhaps closer than the Logit hazard since its peak occurs at a 

more similar time.   

The conclusion regarding the relative performance of the cessation models is 

similar to the case of initiation.  The split-population model provides a reasonably good 

fit to the data and has the advantage of taking out the influence of those who will always 

smoke and for whom anti-smoking policy may not be effective anyway. 

 

6.3. Sensitivity analysis 

 

In the analysis of smoking initiation and cessation discussed so far, I use local-

brand cigarette prices.  The advantage of local-brand prices is that they are more likely to 

be considered when the average individual decides to consume cigarettes because local 

brand cigarettes are typically less expensive.  However, there may be a concern about 

endogeneity of the Price variable arising from simultaneous determination of cigarette 

prices and cigarette demand.  The use of micro-level data in this study considerably 

reduces the danger of such endogeneity because the smoking decision of a single 

individual could not affect market demand enough to change the price level.  Certain 

characteristics of the local market demand, however, can influence the individual 

smoking decision by affecting the price level.  For example, a weak market demand for 
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cigarettes corresponds to higher cigarette prices, which in turn discourages individual 

smoking.  Since market demand can affect both individual smoking decisions and prices, 

it can present another source of price endogeneity in the form of unobserved market 

characteristics.  This article pays attention to this possibility by including country fixed 

effects, which can be interpreted as market fixed effects because cigarette prices have 

country-level variation. 

Although using micro-level data and controlling for unobserved market 

heterogeneity is effective in addressing concerns about econometric endogeneity of 

Price, this research goes a step further in investigating the possibility by substituting the 

price of Marlboro cigarettes instead of local brand cigarettes.  The presumption is that 

Marlboro prices are more exogenous to cigarette demand because they are imported.  

This is because the price of imported cigarettes contains a larger exogenous (not 

determined by market demand) component such as transportation costs, import duties, 

etc.  This larger exogenous component makes Marlboro prices stickier and less 

vulnerable to changes in market demand than local-brand prices. 

Results from the initiation hazard models using Marlboro prices, and the 

corresponding price elasticities are listed in Tables 3a-b. Cessation model results and 

price elasticities are in Tables 4a-b.  In all specifications, the Marlboro price elasticities 

of initiation have the same statistical significance as the local-brand price elasticities but 

differ in magnitude.  Marlboro price elasticities are smaller in absolute value, indicating 

that the decision to start smoking is less responsive to changes in the price of Marlboro 

cigarettes than to changes in the price of local brand cigarettes.  This may be due to the 

perceived value of the Marlboro brand which makes demand less elastic.  It can also be 
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hypothesized that the reduction in the estimated price effect may be due to the stronger 

exogeneity of Marlboro prices which may have eliminated some of the bias from the 

estimate thus reducing its magnitude.  However, the latter is not a likely explanation 

because substituting Marlboro prices in the analysis of cessation does not have the same 

effect on the magnitude of the estimated price coefficient as it does in the analysis of 

initiation.  In fact, the price effect on cessation becomes larger (albeit not statistically 

larger) when based on Marlboro prices instead of local-brand prices.  If substituting 

Marlboro prices truly helped remove endogeneity bias from the price coefficients, then it 

would have reduced the absolute value of the price effect for both initiation and 

cessation, not reduce it for one and increase it for the other.  The increase in the price 

responsiveness of the quitting decision from substituting Marlboro prices is not 

statistically significant but may reflect a difference in the reasons for smoking Marlboros.  

It is possible that Marlboro smokers, in particular teenage Marlboro smokers, may smoke 

cigarettes for reasons other than tobacco consumption alone, for example as a status 

signal.  In such case, addiction may be less of a factor, and smokers may be more inclined 

to quit when prices increase. 

 

7.  Conclusion 

 

This paper investigates the impact of cigarette prices on smoking initiation and 

cessation among youth in developing countries.  The price impact is identified by using 

country fixed effects to control for unobserved environmental characteristics such as anti-

smoking sentiment.  The estimation methods for the hazards of initiation and cessation 
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include a discrete-time Logit model, a Cox model, and a split-population log-logistic 

model.  Unlike the unsplit Logit and Cox models which assume that all subjects have 

positive hazards of initiation (cessation), the split-population model allows for the 

possibility that for some individuals the hazard is zero.   

A statistically significant impact of cigarette price on the initiation (cessation) 

hazards is identified in the split-population analysis but not by either of the unsplit Logit 

and Cox models.  The price elasticity of initiation is estimated at -0.165, so that a 10% 

increase in the price of cigarettes corresponds to about 1.7% decrease in the hazard of 

starting smoking.  I find no evidence that price determines quitting which is possibly due 

to the very young age of the sample.  The results in this paper indicate that once the 

influence of individuals who never smoke is controlled for, cigarette price policy can be 

effective in delaying the onset of smoking. 
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Figure 1a.  Initiation hazard rates, by region 
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Figure 1b.  Cessation hazard rates, by region 
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Figure 2a.  Initiation hazard rate, non-parametric 
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Figure 2b.  Initiation hazard rate, discrete-time logit hazard model 
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Figure 2c.  Initiation hazard rate, split-population log-logistic hazard model 
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Figure 3a.  Cessation hazard rate, non-parametric 
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Figure 3b.  Cessation hazard rate, discrete-time logit hazard model 
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Figure 3c.  Cessation hazard rate, split-population log-logistic hazard model 
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Table 1a. Sample means, individual variables 

 Initiation sample Cessation sample 

 (full sample) (smokers only) 

Age at start of risk 9.0 11.2 

Age at failure or cessation 13.6 14.3 

Male 0.50 0.61 

At least one parent smokes 0.46 0.60 

Has pocket money 0.63 0.82 
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Table 1b. Sample means, country variables 

  

GDP per capita, 2000 US dollars 4,324 

Price, local brand cigarettes, PPP-adjusted 2000 US dollars 2.36 

Price, Marlboro cigarettes, PPP-adjusted 2000 US dollars 3.40 
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Table 6. Initiation hazard models by gender. 

Logit discrete-time hazard models (marginal effects) 

     

 Male Female 

                  Without          

fixed effects 

With                

fixed effects 

Without          

fixed effects 

With                

fixed effects 

Price (Marlboro cigarettes) -0.009*** -0.002 -0.006*** -0.002* 

                  (0.000) (0.406) (0.000) (0.056) 

Parents smoke 0.016*** 0.013*** 0.011*** 0.007*** 

                  (0.000) (0.000) (0.000) (0.000) 

Pocket money 0.024*** 0.019*** 0.013*** 0.009*** 

                  (0.000) (0.000) (0.000) (0.000) 

Log GDP per capita 0.004*** 0.001 0.005*** 0.005*** 

                  (0.005) (0.692) (0.001) (0.000) 

     

Number of observations    1,145,696  1,187,483  

Number of subjects 209,292  209,461  

Number of initiations 26,399  40,931  

     

     

Price elasticity of initiation -0.664*** -0.143 -0.854*** -0.317* 

     

     

Notes:     

* p<.1, ** p<.05, *** p<.01     

All specifications include a quartic calendar time trend   
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Table 7. Cessation hazard models by gender. 

Logit discrete-time hazard models (marginal effects) 

     

 Male Female 

                  Without          

fixed effects 

With                

fixed effects 

Without          

fixed effects 

With                

fixed effects 

Price (Marlboro cigarettes) 0.008 0.005 0.005 0.004 

                  (0.123) (0.670) (0.133) (0.527) 

Age 0.016*** 0.013*** 0.009*** 0.007*** 

 (0.000) (0.000) (0.000) (0.000) 

Parents smoke -0.018*** -0.012*** -0.008*** -0.006*** 

                  (0.000) (0.000) (0.000) (0.000) 

Pocket money -0.026*** -0.023*** -0.021*** -0.021*** 

                  (0.000) (0.000) (0.000) (0.000) 

Log GDP per capita 0.000 -0.029*** 0.001 -0.009* 

                  (0.985) (0.007) (0.735) (0.061) 

     

Number of observations    173,187  100,503  

Number of subjects 40,059  25,873  

Number of cessations 17,316  12,734  

     

     

Price elasticity of cessation 0.239 0.222 0.223 0.172 

     

     

Notes:     

* p<.1, ** p<.05, *** p<.01     

All specifications include a quartic calendar time trend   

 
 


