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An Empirical Analysis of Tobacco Addiction  

 

Abstract 

This study adopts a novel approach to assessing addiction to cigarettes, small and large cigars, e-

cigarettes, smokeless tobacco, and loose smoking tobacco by decomposing tobacco demand into 

supernumerary and pre-committed quantities. Supernumerary tobacco consumption represents a 

demand component that varies with prices and smoker income, while pre-committed 

consumption is immune to the changes in economic circumstances, and thus may be reflective of 

addiction. By empirically estimating the supernumerary and pre-committed demand components, 

we shed light on the severity of tobacco addiction and smoker price and income responsiveness 

in the United States, which may prove vital in refining various tobacco control policies in the 

country.1 

 

Keywords: Pre-committed demand, tobacco addiction, tobacco consumption, tobacco demand 

system. 

JEL Codes: D12, I12. 

 

                                         

 
1 Data used in this study were provided by the James M. Kilts Center, University of Chicago 

Booth School of Business. 
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1. Introduction 

Tobacco addiction has received considerable research attention from scientists, including 

economists. Economic models of addiction vary in terms of the underlying behavioral 

assumptions and the empirical approach taken. The models fall into three broad categories, 

namely models of imperfectly rational, myopic addictive, and rational addictive behavior. 

Imperfectly rational models allow for conflicting individual behavior in recognition of the 

coexisting urges to smoke and quit; myopic models recognize the influence of past decisions on 

current choices while ignoring the possibility of past behavior affecting future consumption; and 

rational addictive models are based on the premise that individuals maximize utility that allows 

for the interdependence between consumption in different periods (Harris and Chan, 1999; 

Chaloupka and Warner, 2000).  

A common feature shared by these studies is the assumption that entire consumption 

responds to tobacco price changes with relatively more-addicted smokers being less price-

sensitive (Chaloupka and Warner, 2000; Gallet and List, 2003; Gruber, Sen, and Stabile, 2003; 

Andreyeva, Long, and Brownell, 2010). However, addiction may manifest itself as a lack of 

price responsiveness altogether before certain amounts of tobacco are secured, only beyond 

which price becomes an important consideration. To address this possibility, we adopt a 

theoretical framework that decomposes tobacco consumption into pre-committed and 

supernumerary components (Tonsor and Marsh, 2007).2 Pre-commitments take precedence over 

 
2 In the context of food consumption, pre-committed demand most closely resembles subsistence 

consumption (Pollak and Wales, 1981). In non-food contexts such as energy consumption, pre-

commitments reflect the bare minimum energy needs of households that are free from price 

effects, especially in the short run (Rowland, Mjelde, and Dharmasena, 2017).  
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supernumerary demand and need to be fulfilled before one reaches the supernumerary or 

discretionary portion of demand, where price and income are the important demand drivers 

(Rowland, Mjelde, and Dharmasena, 2017). As such, pre-committed consumption may reflect 

the reduced control over individual behavior, such that it may become habitual and ultimately 

compulsive driven by emotional, social, and other triggers. Alternatively, pre-committed 

smoking may be a result of pre-planned decisions for individuals that need a bare minimum of 

cigarettes to get by (Chaloupka and Warner, 2000).3 In either scenario, pre-committed smoking 

may provide an important insight into nicotine dependence and addiction, and offers an 

alternative approach to the addiction literature that centers on the psychological and behavioral 

aspects of tobacco users.  

To empirically evaluate the importance of pre-commitments in tobacco consumption, we 

exploit the recent advances in consumer demand literature. Specifically, we adopt the 

Generalized Exact Affine Stone Index (GEASI) demand system that is based on the EASI model 

of Lewbel and Pendakur (2009) and is extended by Hovhannisyan and Shanoyan (2019) to allow 

for potential pre-commitments in consumption. The major benefits of the EASI-based models 

vis-à-vis the previous widely used models such as the Almost Ideal Demand Systems (AIDS) of 

Deaton and Muellbauer (1980) are their ability to accommodate arbitrarily complex Engel curves 

and to account for unobserved consumer heterogeneity (Pendakur, 2009). The GEASI further 

 
 
3 We acknowledge that smoking habits play a part in tobacco consumption. Despite the great 

similarities between habits and addiction, however, identifying the threshold beyond which 

habitual patterns and repetition eventually lead to addiction can be a daunting task in practice, 

which we do not pursue here.  
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improves upon the AIDS, EASI and similar systems through the invariance of the GEASI-based 

elasticities to the data measurement units when demographic variables are incorporated through 

demographic translation (Alston, Chalfant, and Piggott, 2001). 

For a comprehensive analysis, we base our study on cigarettes, small cigars/cigarillos, 

large cigars, e-cigarettes, smokeless tobacco, and loose smoking tobacco in the spirit of Zheng et 

al. (2017) using Nielsen Store Scanner data from 2012 to 2016. This provides a sufficiently 

exhaustive list of tobacco products that allows us not only to capture the implicit tradeoffs that 

may exist among the options facing smokers, but also to account for any unsuspected 

contemporaneous correlation between the unobserved determinants of demand for tobacco 

products. Our results reveal significant pre-commitments in tobacco consumption that extend 

from 5.9% for little cigars/cigarillos to 80.5% for cigarettes, which may reflect the prevalence 

and severity of tobacco dependence among smokers in the United States. Further, we find that 

ignoring pre-committed quantities induces significant upward biases in own-price elasticities. 

Intuitively, elasticities reflect a weighted average of consumer price consciousness over pre-

committed (near zero) and discretionary segments (highly elastic) of demand; thus, ignoring pre-

committed consumption incorrectly attributes consumer insensitivity along this portion of 

demand to all consumption, resulting in estimates indicating relatively more inelasticity 

(Rowland, Mjelde, and Dharmasena 2017). Thus, our study has the promise of generating more 

accurate economic effects and proper policy implications, which is particularly important in light 

of the recent documented outbreak of lung injuries among e-cigarette users throughout the 

country (Center for Disease Control, 2019).  

The rest of the study is organized as follows: Section 2 describes the methodology for 

examining the tobacco demand and potential smoking pre-commitments; Section 3 presents a 
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brief discussion of the Nielsen ScanTrack Data underlying the empirical analyses; Section 4 

presents the empirical results; and Section 5 offers a summary of the major findings of this study 

and the major policy implications thereof.  

2. Methodology 

We adopt a two-stage budgeting framework with underlying weakly separable smoker 

preferences, whereby individuals allocate expenditures to a broadly defined tobacco category and 

an outside good (a numéraire good representing the remaining non-tobacco goods a typical 

consumer purchases) in the first stage of the decision-making process, followed by the 

distribution of tobacco allotments amongst the specific sub-categories in the second stage. In 

both stages, individual preferences are represented by the GEASI demand model because of the 

number of desirable modeling features combined in this single analytical framework that are 

illustrated in the following sub-section (Lewbel and Pendakur, 2009; Hovhannisyan and 

Shanoyan, 2019).  

2.1. A Generalized Exact Stone Index Demand Model 

Let iw , ip , and ic denote the budget share, price, and pre-committed demand for product i, 

respectively, X represent total expenditures on all products considered, iε  reflect unobserved 

preference heterogeneity, and ikα , ilβ be parameters. The GEASI demand specification can then 

be represented by the following system of equations (Hovhannisyan and Shanoyan, 2019): 

(1)       ( )( )
0 1

'1 ln ' ' ln lnc p c p w p
L Nli i

i il ik k i
l k

c pw X p
X X

β α ε
= =

  = + − − − + +    
∑ ∑  

where ( )( )ln ' ' lnc p w pX − −  represents price  and pre-commitment (c) adjusted expenditures; l 

is the order of the polynomial function underlying Engel curves; 'c p  reflects pre-committed 

expenditures; and ( )'c pX −  measures supernumerary expenditures, and N is the number of 
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products in question. The budget share equations presented in the system (1) satisfy the 

theoretical restrictions of adding-up 0
1

1;
J

i
i
β

=

 =

∑

1 1
0, 1,..., ; 0, 1,...,

J J

il ik
i i

r L k Jβ α
= =

= ∀ = = ∀ = 


∑ ∑ , 

homogeneity, and symmetry ( ), , 1,...,ik ki i k Jα α= ∀ = .  

To compute the GEASI-based demand elasticities, we utilize the respective expenditure, 

Hicksian, and Marshallian elasticity formulas derived by Hovhannisyan and Shanoyan (2019): 

Expenditure Elasticity 

(2)         ( )( ) ( )
1

1 ' '* ln ' ,c p c p c pE W B p A B 1J J
Xdiag I

X X X

−
−    −     = + + + +            

  

where E represents the  (J x 1) expenditure elasticity vector with ie  denoting its thi  element, W 

denotes the (J x 1) vector of observed commodity budget shares,  ln p  is the  (J x 1) vector of 

log-transformed prices, B is a (J x 1) vector with its thi  element represented by 1
1

L l
ill
lyβ −

=∑ , 

( )( )
0 1

ln ' ln lnA c'p
L Jl

ir ik k
l k

X w p pβ α
= =

 = − − + 
 
∑ ∑ , 1J  is a  (J x 1) vector of ones, and   is the 

Hadamard-Schur product with [ ]1 1,..., N Nt p t p t p= . Equation (2) accounts for the fact that 

expenditure shares ( )iw also appear on the right side of the GEASI model through real 

expenditure ( )rty  and its polynomials.  

Hicksian Elasticity 

(3)       1 1 , , 1,..., ,c'pAH i i i i
ij ii j ij

i

c p c pe w i j J
w X X X

α δ  = − + − + − ∀ =    
 

where ijδ  is the Kronecker delta equaling 1 if i j= , and 0 otherwise.  

Marshallian Elasticity 
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(4)       2

'1 ec p ijM i i i i
ij ii j ij j i

i

c p c pe A w w
X X X w

α
α δ

   = − + − + − −      
, 

where use is made of the Slutsky equation eijM H
ij ij j i

i

e e w
w
α 

= − 
 

, as well as the Hicksian ( )H
ije  

and expenditure elasticities ( )ie  presented above. 

As can be observed from the demand system provided in (1), the EASI specification 

remains restrictive in its analytical capacity in presence of consumption pre-commitments (i.e., 

the EASI and GEASI are equivalent only when 0, 1,...,ic i J= ∀ = ), with an unintended 

consequence of all consumption being attributed to the included socio-economic, demographic, 

and geographical factors. Thus, in all likelihood, the resulting elasticity estimates from the EASI 

system, AIDS, and similar models are inaccurate and of limited use in informing 

policy decisions.4 Intuitively, elasticity represents a weighted average of consumer price 

sensitivity over pre-committed (near zero) and discretionary portions (highly elastic) of demand 

and, unless accounted for, the effects of consumer insensitivity over pre-committed demand are 

wrongly attributed to all consumption, thus dampening the elasticity value (Rowland, Mjelde, 

and Dharmasena 2017). 

2.2. A Two-Stage Budgeting Method  

The first stage of a two-stage budgeting process builds on the premise that smokers first allocate 

their budget to tobacco and a numéraire good, and is modeled via the GEASI system provided by 

equation (1): 

 
4 It deserves noting that the AIDS, Quadratic AIDS, and other similar popular models share this 

restrictive modeling feature.  
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(5)     ( )( )
2

0 1

'1 ln ' ' ln lnc P c P w P P
f f f f Nlg gmtf f f f f f f f f fmt

gmt gl mt mt mt gk mt gmtf f
l kmt mt

c P
w X

X X
β α ε

= =

  = + − − − + +  
  
∑ ∑ ,        

where f indicates the first-stage demand model, g indexes tobacco products (g=1) and an outside 

good (g=2); f
gmtw denotes the budget share of the product aggregate g in market m and year t; 

1 2P f f f
mt mt mtP P =    is a vector of aggregate price indices with 1

f
mtP  representing a weighted average 

price index for the tobacco products, and 2
f
mtP  being its counterpart for the outside good; f

mtX is 

per capita income; and f
gmtε is unobserved budget share determinants.  

In line with Zhen et al. (2013), 2
f
mtP is recovered from the equation

1 1 2 2ln f f
mt mt mt mt mtCPI w p w p= + , where ln mtCPI  is a price index obtained from the Council for 

Community and Economic Research (C2ER) that is constructed based on 56 goods and services 

in more than 300 US urban areas (Zhen et al., 2013).5  

  In cognizance of the important effects of tobacco advertising and those of various social, 

demographic, and ethnicity-related factors, we incorporate the respective demand shifters via the 

demographic translation of f
gc  as follows (Pollak and Wales, 1981; Dave and Saffer, 2013; 

Zheng et al., 2017): 

(6)      
0 1 2 3 4 5 6

13 16

7 8 9 10
11 14

2544 65f f f f f f f f
g g g mt g mt g mt g mt g mt g mt

f f f f f f
g mt g mt g mt g mt gq q gr r

q r

c c c Age c Age c Male c Hisp c Asian c Black

c College c High School c Pov c AD c T c R
= =

= + + + + + + +

+ + + + + +∑ ∑
 

 
5 In contrast to the BLS consumer price index, the C2ER price index allows for inter-market cost-

of-living comparisons (Zhen et al., 2013). 
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where 2544mtAge  and 65mtAge  reflect the share of population between ages 25 and 44, and older 

than 65, respectively; mtMale denotes the proportion of male population in market m in year t; 

mtHisp , mtAsian , and mtBlack  represent the share of Hispanic, Asian and black populations in 

market m in year t; mtHigh School  and mtCollege  represent the shares of population with high 

school and some college education, respectively; mtPov  measures poverty levels of the markets 

under study; mtAD denotes real tobacco advertising expenditures in market m in year t; and qT

and rR denote time (i.e., quarter) and regional dummy variables, respectively. 

In the second stage, we apply the GEASI specification embedding the socio-economic, 

demographic and other factors in equation (3) to the estimation of a conditional demand system 

for six tobacco products: (1) cigarettes; (2) little cigars/cigarillos; (3) large cigars; (4) electronic 

cigarettes; (5) smokeless tobacco; and (6) loose tobacco (i.e., roll-your-own tobacco). Using 

parameter estimates from this system, conditional tobacco product-level elasticities are then 

computed based on the formulas (2) – (4).  

Conditional elasticity estimates are based on specific expenditure levels allocated to 

aggregate product categories and are thus of limited generality from policy perspective. 

Therefore, we derive unconditional price elasticities in terms of first-stage aggregate and second-

stage conditional elasticities by exploiting the following functional relationship (Edgerton, 1997; 

Zheng et al., 2017): 

(7)       ( )

( )

1

12

ln ln ln
ln ln ln

1

'1 e 1

ij ij ix ij ix
j j

ij ix j

iji i i i
ii j ij j i ix j

i

X X P
p P p

w

t p t p t pA w w e w
X X X w

ψ η η η η

η η

α
α δ

∂ ∂ ∂
= + = +

∂ ∂ ∂

= + +Θ

   = − + − + − − + +Θ      
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where ixe  is the conditional expenditure elasticity for product i (equation 2), jw  is the 

conditional budget share of tobacco group j in second stage, and 1Θ  is first-stage price elasticity 

for the tobacco category computed via the equation (4). 

3. Data Description 

We base our empirical analysis of tobacco addiction on Nielsen ScanTrack data, which provide 

UPC-level information on dollar sales and purchase quantities from retail stores representing a 

wide variety of formats (i.e., convenience stores, supercenters, drugstores, etc.).6 Due to limited 

data on market characteristics, we limit our analysis to 27 US metropolitan areas over 2012-

2016.7 For a complete analysis of tobacco products, we follow Zheng et al. (2017) to include 

cigarettes, small cigars/cigarillos, large cigars, e-cigarettes, smokeless tobacco (i.e., snuff, loose 

leaves, dissolvable tobacco, etc.), and loose smoking tobacco (i.e., roll-your-own tobacco).8 As 

can be observed from Table 1, cigarettes account for the largest share of smoker tobacco budgets 

(85.5%), followed by e-cigarettes (7.0%), smokeless tobacco (3.8%), little cigars/cigarillos 

 
6 It deserves noting that Zheng et al. (2017), which is the only other study that is somewhat 

similar to the current study in its design, confined their analysis to tobacco sold through only 

convenience stores. In contrast, our sample is based on more recent data containing tobacco sales 

at other retail formats in addition to convenience stores. 

7 The metropolitan areas underlying the current analysis include Atlanta, Birmingham, Boston, 

Chicago, Cleveland, Dallas/Ft. Worth, Denver, Detroit, Houston, Little Rock, Los Angeles, 

Louisville, Miami, Minneapolis, Nashville, New York, Oklahoma City, Phoenix, Portland, 

Raleigh, Richmond, San Antonio, San Francisco, Seattle, St. Louis, and Tampa. 

8 See Zheng et al. (2017) for more details on tobacco product compositions and definitions.  
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(2.5%), large cigars (0.9%), and  loose smoking tobacco (0.3%). Ever since their introduction 

back in 2003, e-cigarettes have been gaining in popularity, especially among certain 

demographic groups such middle and high school students (Corey et al., 2013). The notable 

increase in tobacco advertising expenditures since 2011 is widely believed to have contributed to 

this trend. Most e-cigarettes contain some amount of nicotine and can result in lung and brain 

development problems and can lead to continued tobacco product use and severe addiction 

among youth (Reidel et al., 2018; Ford et al., 2020). Despite this reality, however, there is still a 

paucity of evidence on the relationship between e-cigarettes and other tobacco products 

(Adhikari, 2012; Kavuluru, Han, and Hahn, 2019).9  

Table 1 also reports descriptive statistics for Fisher Ideal price index values, which were 

computed using brand-level prices and quantities with the goal of accounting for the quantity-

quality trade-off (Zhen et al., 2013). Average price index value has been relatively high for little 

cigars/cigarillos (1.088) and smokeless (1.083), while that for e-cigarettes (0.963) has been the 

lowest (January 2012 is chosen as a base period). Based on a further illustration of price 

dynamics in Figure 1, all prices have been relatively stable over the sample period, with the 

exception of e-cigarettes. Specifically, e-cigarette prices saw an initial spike over 2013-2014, 

which was followed by a rapid decline in price post-2014. 

Market-level demographic (race, age, gender, level of educational attainment) and 

economic (poverty rate) data were obtained from the American Community Survey (ACS), 

which is an ongoing survey conducted by the US Census Bureau. With an underlying sample 

 
9 To our knowledge, Zhen et al. (2016) and Zheng et al. (2017) are the only two studies that 

analyze the demand for e-cigarettes and its relationship with other tobacco products such as the 

ones considered in the current study. 
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size of 3.5 million households surveyed on an annual basis, the ACS is the largest survey 

administered by the Census Bureau. The primary goal of the ACS is to compile information on 

income, educational attainment, employment, and other characteristics of the individuals residing 

in various cities/towns throughout the United States on a more regular basis as compared to the 

US population Census that is conducted only on a decennial basis (ACS, US Census Bureau, 

2012-2016).  

Information on tobacco advertising expenditures were obtained from Nielsen AdIntel 

Data, 2012-2016. AdIntel compiles the most comprehensive data on advertising occurrences for 

a variety of media types such as National TV, Local TV, Radio, Magazines, and Newspapers by 

tobacco brand or category, manufacturing company and Nielsen designated market areas 

(DMA). Using the DMA codes, advertising data were matched with the tobacco sales volume 

and price data obtained from Nielsen ScanTrack. 

4. Empirical Results 

A series of GEASI specifications with varying Engle curve structures are estimated via the 

GAUSSX application module using the Nonlinear Least Squares (NLS) estimation procedure. 

According to a likelihood ratio (LR) test, the model with a 5th degree polynomial Engel curve 

provides the best fit of the data (Table 2, specification tests [i]-[iv]). It is worth noting that a 

number of studies using an EASI-based demand system also find that an Engel curve with a 

quintic polynomial structure is superior to the specifications embedding lower-order polynomial 

structures (see for example, Lewbel and Pendakur 2009; Zhen et al. 2013).  

Importantly, we find that the GEASI model outperforms the EASI specification, which is 

tantamount to the presence of pre-commitments in tobacco consumption (Table 2, specification 

test [v]). Table 3 presents the pre-committed demand coefficients along with the remaining 
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parameter estimates from the GEASI system with an underlying quintic Engel curve structure. 

Pre-committed demand coefficients for cigarettes (80.48), little cigars (5.89), large cigars (8.3), 

e-cigarettes (49.51), smokeless tobacco (55.43), and loose tobacco (88.260) are estimated to be 

positive and statistically significant. To evaluate the relative importance of these pre-

commitments in the tobacco demand structure for the US consumers, we also compute the shares 

of pre-commitment and discretionary amounts in total consumption. More specifically, the 

respective shares of cigarettes, small and large cigars, e-cigarettes, smokeless tobacco, and loose 

smoking tobacco are as follows: 80.5%, 5.9%, 8.3%, 49.5%, 55.4%, and 88.3% (Figure 2). 

Despite the relatively high pre-commitments for loose tobacco and cigarettes, these findings 

seem consistent with studies examining other aspects of addiction. For example, Benowitz 

(2010) finds that only 70% of current cigarette smokers participate in cessation 77% of whom 

ultimately fail (i.e., 83.9% addiction rate). E-cigarette consumption also contains a substantial 

pre-committed component, despite the relatively recent introduction and the reduced nicotine 

content. 

 Table 4 presents the unconditional Marshallian price elasticities. All own-price elasticity 

estimates are negative and significant and are elastic only for cigarettes (-1.229) and e-cigarettes 

(-2.062), due perhaps to smoker perception of closer substitutability thereof. Cross-price 

elasticities support this conjecture, with cigarettes appearing close substitutes for e-cigarettes 

(0.499). Little cigars are the only other substitute for e-cigarettes, while e-cigarettes are 

substitutes for all tobacco product except for loose tobacco. Further, cigarettes and loose 

smoking tobacco are remote substitutes, while smokeless tobacco appear complementary with 

cigarettes and little cigars. Overall, our findings are consistent with those from Zheng et al. 

(2017), the only other study considering this exhaustive set of products. Finally, expenditure 
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elasticities are elastic only for large cigars (1.050) and e-cigarettes (2.533), while those of the 

remaining products fall in the range 0.648-0.895. These findings agree with results from Carrieri 

and Jones (2016), who find significant pro-rich inequalities in e-cigarettes.   

To illustrate the policy implications of ignoring pre-commitments, we contrast tax and 

health policies aiming at reducing tobacco consumption.  For example, to reduce the current per 

capita cigarette consumption of 1,078 by 10%, price needs to rise 10.5% in the absence of pre-

commitments. When pre-commitments are present, however, only 19.5% of consumption 

responds to price changes in the short run, given the estimated pre-commitment of 80.5%. 

Consequently, despite the more elastic own-price elasticity estimate for cigarettes, a 41.8% price 

change is required to achieve the same goal. Similarly, without pre-commitments a 6.6% price 

increase suffices for a 10% decrease in e-cigarette use, while a 9.6% price rise guarantees the 

same outcome in presence of pre-commitments. 

In light of recent outbreak of lung injuries among e-cigarette users, which drew the US 

government attention, it became imperative to better understand tobacco demand (CDC, 2019). 

Our study is an important step in the right direction. Specifically, we offer important insights into 

the structure of demand for tobacco products, which suggest that effective policy responses 

should incorporate a variety of measures rather than centering on tax policy in isolation. 

5. Summary and Conclusions 

Despite the steady decline in per capita cigarette consumption in the United States, tobacco use 

remains the leading cause of preventable death and disease in the country. Moreover, the past 

two decades have been marked by the emergence of e-cigarettes, which have seen a surge in 

their popularity the recent years. This has brought further detrimental health consequences 

especially among youth, as evidenced by the recent outbreak of vaping-related health hazards 
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such as lung injuries. Thus, it has become imperative to gain an improved understanding of the 

degree of addiction to e-cigarettes and other tobacco products, as well as how the demands for 

different tobacco categories interact. 

A common theme in the previous studies of tobacco demand is that tobacco price is the 

single most important demand factor, and entire demand responds to changing product prices. 

Addiction in this analytical framework has been thought to have manifested itself as reduced-

price responsiveness on the part of heavy users. However, addiction may well translate into a 

lack of price responsiveness altogether until users reach certain amounts, only beyond which 

price becomes a major demand determinant.  

To address this possibility and to evaluate tobacco addiction, this study adopts a 

theoretical framework that decomposes tobacco consumption into pre-committed and 

supernumerary components. Pre-commitments take precedence over supernumerary demand and 

need to be fulfilled before one reaches the supernumerary or discretionary portion of demand, 

where price and income are the important demand drivers. As such, pre-committed consumption 

may reflect the reduced control over individual behavior, such that it may become habitual and 

ultimately compulsive driven by emotional, social, and other triggers. Alternatively, pre-

committed smoking may be a result of pre-planned decisions for individuals that need a bare 

minimum of cigarettes to get by. In either scenario, pre-committed smoking may provide an 

important insight into nicotine dependence and addiction and offers an alternative approach to 

the addiction literature that centers on the psychological and behavioral aspects of tobacco users.  

Our findings reveal that considerable share of cigarettes, e-cigarettes, smokeless tobacco, 

and loose tobacco products are consumed in pre-committed quantities, which points to the 

relative insensitivity of users to tobacco prices and other economic circumstances. By 
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empirically establishing the pre-committed and supernumerary demand components, we shed 

light on the severity of tobacco addiction and smoker price and income responsiveness, which 

may prove vital in adjusting current or designing new tobacco control policies.  
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Table 1. Descriptive Statistics for Food Expenditures, Prices, and Budget Shares 

Variable Description Mean SD 

 Budget shares   

1mtw  Cigarettes 0.855 0.134 
2mtw  Little cigars/cigarillos 0.025 0.013 
3mtw  Large cigars 0.009 0.006 
4mtw  E-cigarettes 0.070 0.140 
5mtw  Smokeless tobacco 0.038 0.035 
6mtw  Loose smoking tobacco 0.003 0.002 

 Prices   
1mtp  Cigarettes 1.055 0.088 
2mtp  Little cigars/cigarillos 1.088 0.137 
3mtp  Large cigars 1.027 0.163 
4mtp  E-cigarettes 0.963 0.490 
5mtp  Smokeless tobacco 1.083 0.181 
6mtp  Loose smoking tobacco 0.908 0.200 

 Demographic variables   
2544mtAge  Percentage of population between ages 25 & 44 0.278 0.017 
65 mtAge +  Percentage of population ages > 65 0.129 0.021 

mtBlack  Percentage of black population  0.155 0.081 
mtHisp  Percentage of Hispanic population  0.173 0.141 

mtAsian  Percentage of Asian population  0.056 0.049 
mtMale  Percentage of male population  0.489 0.005 

mtPoverty  Poverty rate  0.142 0.019 
mtHS  Percentage of population with high school degree 0.254 0.038 
mtSC  Percentage of population with some college 0.289 0.031 

mtT  Time trend   

Source: Nielsen ScanTrack and American Community Survey.  
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Figure 1. Average Fisher Ideal Price Indices over 2012-2016. 

Source: Nielsen ScanTrack data. 
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Table 2. Summary of Model Diagnostic Tests 

Hypothesis tests for model specification LR value df. p-value 

(i) Quadratic vs. Linear GEASI model (i.e., 2 0, 1,...,i i Jβ = ∀ = ) 41.3 8 0.00 

(ii) Cubic vs. Quadratic GEASI model (i.e., 3 0, 1,...,i i Jβ = ∀ = ) 20.9 8 0.00 

(iii) Quartic vs. Cubic GEASI model (i.e., 4 0, 1,...,i i Jβ = ∀ = ) 26.8 8 0.00 

(iv) Quintic vs. Quartic GEASI model (i.e., 5 0, 1,...,i i Jβ = ∀ = ) 43.4 8 0.00 

(v) Tobacco products are not consumed in pre-committed quantities  

 (i.e., 0, 1,...,jt j n= ∀ = , or GEASI and EASI models are equivalent) 
 3,405.7 8 0.00 

Note: The degree of polynomial functions cannot exceed 5, otherwise the Engel curves will be arbitrarily complex. 
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Table 3. Parameter Estimates from the GEASI Expenditure Share Equations 

Parameter Cigarettes Little cigars Large cigars E-cigarettes Smokeless Loose  

Pre-committed demand ( 0ic ) 80.484*** 5.891*** 8.300*** 49.511*** 55.434*** 88.260*** 
 (0.091) (0.278) (0.575) (2.566) (1.296) (1.679) 

Intercept ( 0iβ ) 0.866*** 0.026*** 0.010*** 0.071*** 0.024*** 0.003** 
 (0.004) (0.000) (0.000) (0.004) (0.001) (0.001) 

2544mtAge  ( 1
f
gc ) 0.176*** 0.002*** -0.002*** -0.011 0.007*** 0.003*** 

 (0.024) (0.000) (0.000) (0.012) (0.002) (0.000) 

65mtAge  ( 2
f
gc ) 0.109*** -0.001* -0.001* 0.049*** 0.009*** 0.000** 

 (0.018) (0.000) (0.000) (0.008) (0.001) (0.000) 

mtMale ( 3
f
gc ) -0.012 0.000* 0.000* 0.060*** -0.015*** -0.001*** 

 (0.024) (0.000) (0.000) (0.011) (0.002) (0.000) 

mtHisp ( 4
f
gc ) -0.004 0.000 -0.004*** -0.024*** -0.020*** -0.001* 

 (0.018) (0.000) (0.000) (0.008) (0.002) (0.000) 

mtAsian ( 5
f
gc ) 0.097*** 0.000 -0.001** -0.071*** 0.011*** 0.001** 

 (0.016) (0.000) (0.000) (0.009) (0.001) (0.000) 

mtBlack ( 6
f
gc ) 0.142*** 0.001** -0.001* 0.027*** -0.023*** 0.000* 

 (0.017) (0.000) (0.000) (0.009) (0.002) (0.000) 

mtCollege ( 7
f
gc ) 0.222*** 0.001* -0.003*** -0.054*** 0.017*** 0.001** 

 (0.021) (0.000) (0.000) (0.011) (0.002) (0.000) 

mtHigh School ( 8
f
gc ) -0.176*** 0.002*** -0.005*** -0.091*** -0.016*** 0.001** 
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 (0.023) (0.000) (0.000) (0.013) (0.002) (0.000) 

mtPov ( 9
f
gc ) 0.086*** 0.000* 0.003** 0.005 0.023*** 0.001*** 

 (0.016) (0.000) (0.000) (0.007) (0.001) (0.000) 

mtAD ( 10
f
gc ) 0.036*** 0.000* 0.000** -0.013** -0.001 0.000* 

 (0.007) (0.000) (0.000) (0.005) (0.001) (0.000) 

Real income ( 10iβ ) -0.090*** -0.017*** 0.007*** 0.003*** 0.000 0.098*** 
 (0.007) (0.003) (0.002) (0.000) (0.000) (0.004) 
Real income ( 20iβ ) -0.003** 0.000* 0.000* 0.000** 0.000* 0.003** 
 (0.001) (0.000) (0.000) (0.000) (0.000) (0.001) 
Real income ( 30iβ ) 0.000* -0.001** -0.001** 0.000* 0.000* 0.001 
 (0.000) (0.000) (0.000) (0.000) (0.000) (0.001) 
Real income ( 40iβ ) 0.107*** 0.010*** -0.008*** -0.002** 0.000* -0.107*** 
 (0.007) (0.003) (0.002) (0.000) (0.000) (0.001) 
Real income ( 50iβ ) -0.013*** 0.007*** 0.001* -0.001* 0.000* 0.005*** 
 (0.002) (0.001) (0.000) (0.000) (0.000) (0.001) 
Price ( 10iα ) cigarettes -0.040*** 0.002 -0.002*** 0.057*** -0.016*** 0.000 
 (0.003) (0.001) (0.000) (0.003) (0.001) (0.003) 
Price ( 20iα ) little cigars  0.000 -0.002*** 0.006*** -0.007*** 0.000 
  (0.000) (0.000) (0.000) (0.000) (0.000) 
Price ( 30iα ) large cigars   0.002*** 0.001*** 0.000* 0.000* 
   (0.000) (0.000) (0.000) (0.000) 
Price ( 40iα ) e-cigarettes    -0.065*** 0.001 0.000 
    (0.004) (0.001) (0.003) 
Price ( 50iα ) smokeless tobacco     0.021*** 0.000* 
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     (0.001) (0.001) 
Price ( 60iα ) loose tobacco      0.001*** 
      (0.000) 

Note:  The standard errors are in parenthesis. ***, **, * identify parameter estimates that are statistically different from 0 at the 0.01, 

0.05, and 0.10 significance levels, respectively.
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Table 4. Marshallian Price and Income Elasticity Estimates from the GEASI system 

Commodity 1. Cigarettes 2. Little cigars 3. Large cigars 4. E-cigarettes 5. Smokeless 6. Loose  Expenditure 

1. Cigarettes   -1.231*** 0.004*** -0.001*** 0.074*** -0.015*** 0.000*** 0.895*** 

     (0.006)      (0.001)       (0.000)      (0.004)     (0.001)    (0.004)    (0.008) 

2. Little cigars / cigarillos    0.162***     -0.996*** -0.060*** 0.267*** -0.271***    0.006  0.883*** 

     (0.028)       (0.015)       (0.006)      (0.016)      (0.016)   (0.017)    (0.031) 

3. Large cigars   -0.222   0.165*** -0.772*** 0.106***   0.000***  0.001*** 1.050*** 

    (0.030)       (0.016)       (0.022)      (0.017)      (0.019)    (0.017)    (0.036) 

4. E-cigarettes  0.499***   0.054***       0.000 -2.062***    -0.037   -0.011 2.533*** 

    (0.072)       (0.006)       (0.002)       (0.056)     (0.010)   (0.048)    (0.099) 

5. Smokeless tobacco    -0.113*** -0.170***       0.004   0.063*** -0.449***    0.004  0.648*** 

     (0.026)       (0.010)       (0.005)       (0.017)      0.030)    (0.016)    (0.039) 

6. Loose smoking tobacco     0.134***       0.057       0.007      -0.114      0.049   -0.796***  0.662*** 

     (0.015)      (0.011)       (0.004)       (0.102)      0.032)     (0.019)     (0.065) 

Note:  The standard errors are in parenthesis. ***, **, * identify parameter estimates that are statistically different from 0 at the 0.01, 0.05, and 
0.10 significance levels, respectively.
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Panel A. Estimated tobacco demand structure                                    Panel B. Tobacco product budget shares (%) 

Figure 2.  
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