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The Economics of Addiction

• Consumption of addictive goods: 
• Occurs under conditions of risk and uncertainty (atemporal risk preferences) 
• Involves an intertemporal trade-off between current benefits and future costs 

(time preferences) 
• Leads to serial correlation in addiction outcomes (intertemporal risk preferences)



Experimental Economics Literature

?



Experimental Economics Literature

• Harrison, Hofmeyr, Ross and Swarthout (HHRS) [2018] find that 
most experimental studies of smoking behaviour use 
inappropriate statistical methods and/or preference elicitation 
mechanisms that lack incentive compatibility 

• In addition, we know of no experimental studies that analyse the 
relationship between intertemporal risk preferences and addiction

Risk Preferences, Time Preferences, and
Smoking Behavior
Glenn W. Harrison,*,† Andre Hofmeyr,† Don Ross,‡ and J. Todd Swarthout§

There is a rich theoretical literature in economics which models habit-forming behaviors, of
which addiction is the exemplar, but there is a paucity of experimental economic studies elicit-
ing and comparing the preferences that economic theory suggests may differ between addicts
and nonaddicts. We evaluate an incentive-compatible risk and time preference experiment con-
ducted on a sample of student smokers and nonsmokers at the University of Cape Town in
2012. We adopt a full information maximum likelihood statistical framework, which is consis-
tent with the data generating processes proposed by structural theories and accounts for subject
errors in decision making, to explore the relationship between risk preferences, time preferen-
ces, and addiction. Across different theories and econometric specifications, we find no differ-
ences in the risk preferences of smokers and nonsmokers but do find that smokers discount
significantly more heavily than nonsmokers. We also identify a nonlinear effect of smoking
intensity on discounting behavior and find that smoking intensity increases the likelihood of
discounting hyperbolically, which means heavier smokers may be more prone to time inconsis-
tency and more recalcitrant to treatment. These results highlight the importance of the theory-
experimental design-econometric trinity and have important implications for theories of
addiction.

JEL Classification: I1, D81, D91

1. Introduction

Addiction is a puzzle for economic theory: how can rational-agent modelling accommo-
date the fact that most addicts expend resources to acquire their targets of addiction but
simultaneously incur real costs to try to reduce or limit their consumption of these goods?
Furthermore, why is the typical course of addiction characterized by repeated unsuccessful
attempts to quit prior to final abstention? From the standpoint of standard consumer theory
in economics these patterns of behavior are difficult to rationalize.

A number of economists over the years have risen to the challenge. In section 2, we
review these efforts, and conclude that making further progress, especially in critically
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Intertemporal Risk Preferences and Smoking
• Intertemporal risk aversion refers to any aversion to 

variability of outcomes over time, just as atemporal risk 
aversion refers to any aversion to variability of 
outcomes at a point in time 

• Smoking addictions are often associated with multiple 
attempts to quit, usually successfully for a short period 
of time, accompanied by eventual relapse 

• It is precisely this canonical profile of the smoking 
addict that may reflect attitudes to risk over time 

• Measures of risk attitudes at a point in time logically 
need have no relation at all with risk attitudes over time 

• Hence, it is critical to differentiate these two measures 
of risk attitudes to see if risk attitudes in general play a 
role in explaining smoking behaviour



Intertemporal Risk Preferences
• Richard [1975] is credited with introducing 

intertemporal risk preferences to the economic 
literature by extending the notion of risk aversion over 
one variable to risk aversion over multiple variables
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• If you choose Lottery A over Lottery B you are intertemporally 
risk averse because, as Richard (1975, p. 12) explained:  
“… the decision maker prefers getting some of the ‘best’ and 
some of the ‘worst’ to taking a chance on all of the ‘best’ or all 
of the ‘worst.’”



Intertemporal Risk Preferences and Addiction
• The standard model of intertemporal choice in 

economics employs an additively-separable 
intertemporal utility function 

• Additive separability implies intertemporal risk neutrality 
because consumption at different points in time is 
independent 

• As a result, additive separability cannot rationalise a 
strict preference for the “safe” intertemporal lottery A 
from our example 

• Economic models of addiction abandon the assumption 
of additive separability to include intertemporal 
dependencies in the consumption of addictive goods, 
so it is important to understand the implications of this 
departure for the intertemporal risk preferences of DMs



Intertemporal Risk Preferences and Addiction
• Economic models in the tradition of Becker and Murphy 

(BM) [1988] assume that addiction dynamics are driven by 
adjacent complementarity: Consumption of an addictive 
good is a complement, rather than a substitute, across 
time periods

A Theory of Rational Addiction 

Gary S. Becker and Kevin M. Murphy 
University of Chicago 

We develop a theory of rational addiction in which rationality means 
a consistent plan to maximize utility over time. Strong addiction to a 
good requires a big effect of past consumption of the good on cur- 
rent consumption. Such powerful complementarities cause some 
steady states to be unstable. They are an important part of our 
analysis because even small deviations from the consumption at an 
unstable steady state can lead to large cumulative rises over time in 
addictive consumption or to rapid falls in consumption to absten- 
tion. Our theory also implies that "cold turkey" is used to end strong 
addictions, that addicts often go on binges, that addicts respond 
more to permanent than to temporary changes in prices of addictive 
goods, and that anxiety and tensions can precipitate an addiction. 

Use doth breed a habit. [WILLIAM SHAKESPEARE, The Two 
Gentlemen of Verona] 

I. Introduction 

Rational consumers maximize utility from stable preferences as they 
try to anticipate the future consequences of their choices. Addictions 
would seem to be the antithesis of rational behavior. Does an alcoholic 
or heroin user maximize or weigh the future? Surely his preferences 
shift rapidly over time as his mood changes? Yet, as the title of our 
paper indicates, we claim that addictions, even strong ones, are usu- 
ally rational in the sense of involving forward-looking maximization 
with stable preferences. Our claim is even stronger: a rational frame- 
work permits new insights into addictive behavior. 

People get addicted not only to alcohol, cocaine, and cigarettes but 

We had helpful assistance from Michael Gibbs and useful comments from Michael 
Grossman, Laurence lannaccone, Sherwin Rosen, Jose Scheinkman, Andrei Shleifer, 
two referees, an editor, and participants at seminars at many institutions. We have 
received financial support from the Lynde and Harry Bradley Foundation, through the 
Center for the Study of the Economy and the State at the University of Chicago. 
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Intertemporal Risk Preferences and Addiction
• Economic models in the tradition of Becker and Murphy 

(BM) [1988] assume that addiction dynamics are driven by 
adjacent complementarity: Consumption of an addictive 
good is a complement, rather than a substitute, across 
time periods

• Adjacent complementarity has two implications: 
• Consumption of the addictive good in the past 

increases the marginal utility of present consumption
• The benefits from consumption now offset the harmful 

effects that accumulate over time
• This explains why agents continue to consume their 

targets of addiction despite the decline in welfare 
associated with increases in the stock of addictive capital

• In contrast to additive separability, adjacent 
complementarity implies that agents in these models are 
typically intertemporally risk seeking



Intertemporal Risk Preferences and Addiction
• Psychologists have not generally regarded the BM model 

as providing an accurate specification of addiction, 
precisely because it mispredicts the dynamics of the 
typical life-course of an addiction 

• A more recent wave of economic models relevant to 
addiction aligns with the general view of psychologists and 
psychiatrists that addiction is not “rational” in the sense of 
BM and that it cannot be adequately modelled as a type of 
consumption habit 

• These more recent “behavioural” models are agnostic 
about the intertemporal risk preferences of addicts 

• Thus the relationship between intertemporal risk 
preferences and addiction needs to be investigated 
empirically, in the context of general theories of choice 
under uncertainty 

• We provide such an investigation



• We evaluate an incentive-compatible experiment 
designed to elicit the atemporal risk preferences, 
time preferences, and intertemporal risk preferences 
of a sample of student (n = 145) and staff (n = 111) 
smokers, ex-smokers, and non-smokers at the 
University of Cape Town (UCT) in 2016-2017 

• During an experimental session, subjects were given 
written and audio-visual instructions before 
completing the preference elicitation tasks and filling 
out a questionnaire on smoking behaviour 

• One choice from each task was randomly selected 
to determine the subject’s payment for that task and 
subjects earned R920 (≈ $150) on average

Experiments



Atemporal Risk Preference Task
• The atemporal risk preference task interface was based on Hey and 

Orme [1994] 
• It presented subjects with a choice between two lotteries on a 

screen, displayed as pie charts with accompanying text that listed 
the probabilities and monetary amounts of the prizes 

• The task used prize magnitudes between R0 and R700 ($0 - $112) 
and probabilities which varied in increments of 0.05 between 0 and 1

• Subjects made 90 
choices in the task  

• The lottery pairs were 
drawn from the designs 
in Wakker, Erev and 
Weber [1994], Loomes 
and Sugden [1998], 
Cox and Sadiraj [2008], 
and Harrison, Martínez-
Correa and Swarthout 
[2015]



Time Preference Task
• The time preference task presented subjects with choices between 

smaller, sooner (SS) and larger, later (LL) rewards 
• Two front end delays (FEDs) to the SS rewards were used: zero days 

and 7 days 
• Two principals (R250 and R400; $40 and $64), four time horizons (7, 

14, 42, and 84 days), and nominal annual interest rates between 5% 
and 250% were used → a battery of 224 possible choice pairs 

• Subjects made 60 choices in the task that were drawn randomly, 
without replacement, from this battery
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MULTIATTRIBUTE UTILITY THEORY, INTERTEMPORAL UTILITY,
AND CORRELATION AVERSION∗
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Convenient assumptions about qualitative properties of the intertemporal utility function have generated
counterintuitive implications for the relationship between atemporal risk aversion and the intertemporal elas-
ticity of substitution. If the intertemporal utility function is additively separable, then the latter two concepts
are the inverse of each other. We review a theoretical specification with a long lineage in the literature on
multi-attribute utility and use this theoretical structure to guide the design of a series of experiments that allow
us to identify and estimate intertemporal correlation aversion. Our results show that subjects are correlation
averse over lotteries with intertemporal income profiles.

1. INTRODUCTION

Convenient assumptions about qualitative properties of the intertemporal utility function
have generated counterintuitive implications for the relationship between atemporal risk aver-
sion and the intertemporal elasticity of substitution. If the intertemporal utility function is
additively separable, then these two concepts are the inverse of each other. This is no technical
side issue: Untangling it is central to the general understanding of savings behavior (e.g., Hall,
1988), the analysis of insurance decisions by poor households in developing countries (e.g.,
Townsend, 1994), and the behavior of asset prices over time (e.g., Hansen and Singleton, 1983).

Our contribution is to demonstrate that weakly separable, nonadditive representations of
preferences, built from a well-known theoretical foundation of intertemporal utility, can be
estimated from controlled choices in a field experiment with adult Danes. Moreover, we show
how one can incorporate different models of risk preferences that have empirical support from
the modern experimental literature. Our approach is flexible in this regard, allowing one to
examine popular modern alternatives to Expected Utility Theory (EUT), such as Rank Depen-
dent Utility (RDU), for example. We can also easily examine popular behavioral alternatives
to exponential discounting.

The core concept we investigate is known as correlation aversion. It arises from theoretical
deviations from additively separable intertemporal utility functions, such as the deviations we
employ here. Define the lottery α as a 50:50 mixture of {x, Y} and {X, y} and the lottery θ as a
50:50 mixture of {x, y} and {X, Y}, where X > x and Y > y. So α is a 50:50 mixture of both bad
and good outcomes in time t and t + τ, and θ is a 50:50 mixture of only bad outcomes or only

∗Manuscript received April 2014; revised September 2016.
1 We thank the U.S. National Science Foundation for research support under grants NSF/HSD 0527675 and NSF/SES

0616746, the Danish Social Science Research Council for research support under project 275-08-0289, and the Carlsberg
Foundation under grant 2008-01-0410. We also thank two referees, the editor, Antoine Bommier, Anke Leroux,
Harris Schlesinger, and seminar participants for many useful comments. Additional appendices are available in CEAR
Working Paper 2011-03 available at http://cear.gsu.edu/papers. Please address correspondence to: Glenn W. Harrison,
Department of Risk Management and Insurance, Robinson College of Business, P.O. Box 40036, Atlanta, GA 30302-
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• The intertemporal risk preference task interface was based on 
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Intertemporal Risk Preference Task
• The intertemporal risk preference task interface was based on 

Andersen, Harrison, Lau and Rutström [2018]
• On each screen, it presented subjects with a choice between two 

risky profiles of outcomes that were paid out at different points in 
time (viz., intertemporal lotteries)

• Subjects made 40 choices in the task between intertemporal 
lotteries that were structured in the following way:



Intertemporal Risk Preference Task
• For a particular pair, Lottery A assigned a probability of, say, 0.1 to receiving a 

larger amount Lt at time t and a smaller amount St+τ at time t+τ (Lt, St+τ) and a 
probability of 0.9 to receiving the smaller amount St at time t and the larger 
amount Lt+τ at time t+τ (St, Lt+τ) → Lottery A is the “safe” intertemporal lottery 
because the subject always earns L + S 

• Lottery B, by contrast, assigned a probability of 0.1 to receiving Lt and Lt+τ 
and a probability of 0.9 to receiving St and St+τ → Lottery B is the “risky” 
intertemporal lottery because the subject either earns 2L or 2S



Intertemporal Risk Preference Task
• To construct our battery of 40 intertemporal lottery pairs we used a 7-

day FED to the sooner reward, probabilities which increased in 
increments of 0.1 from 0.1 to 1, two time horizons of 14 days and 42 
days between the rewards, and two sets of larger (L) and smaller (S) 
amounts: (R450, R20; $72, $3) and (R260, R10; $42, $1.50) 

• Each intertemporal lottery was drawn at random, without replacement, 
from this battery and presented to subjects sequentially



Summary Statistics
Variable Mean Std Deviation
Demographics
Age 29.948 11.887
White 0.266 0.443
Male 0.434 0.497
Financial situation today 2.840 1.041
Staff 0.434 0.497
Non-smoker 0.520 0.501
Ex-smoker 0.117 0.322
Current smoker 0.363 0.482

FTCD score 2.495 2.119
Average cigarettes per day 8.129 5.317

Treatments - Time Preferences
FED: 0 days 0.502 0.500
FED: 7 days 0.498 0.500
High Principal 0.501 0.500

Table 1
Summary Statistics
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endings (Ginzel, 1973), and the act of inhalation gives a strong 
sensorimotor stimulation in the airways. Nicotine from ciga-
rette smoke first acts on receptors in the upper and lower respi-
ratory airways where it causes reflex actions followed by 
stimulation of sensory nerves in the heart, aorta, and carotid 
sinus region as the drug proceeds through the circulation 
(Ginzel, 1975). Studies with the respiratory system have shown 
that the “scratch” in the throat evoked by tobacco smoke seems 
to be part of the rewarding pleasure derived from smoking 
(Levin, Rose, & Behm, 1990; Rose, Zinser, Tashkin, Newcomb, 
& Ertle, 1984). The results of experiments with rats suggest 
that this activating effect is mediated by direct rapid nervous 
stimulation through peripheral afferents to, for example, locus 
coeruleus (Comroe 1960; Tung, Ugedo, Grenhoff, Engberg, & 
Svensson, 1989).

The high level of dependence that develops to cigarettes 
and tobacco is hard to reconcile with the notion that it is solely 
an addiction to nicotine. Some of the evidence for this is  
summarized below:

 a) Animals do not self-administer nicotine as readily as they  
do “hard drugs” like amphetamine, cocaine, and heroin  
(Villegier, Blanc, Glowinski, & Tassin, 2003).

 b) Nicotine is also a relatively weak reinforcer in human laboratory 
studies (Hughes, Rose, & Callas, 2000; Perkins, Gerlach, 
Broge, Fonte, & Wilson, 2001)

 c) Abstinent smokers seem to prefer a much reduced nicotine 
content cigarette over nicotine-containing products like gum 
and the reduced nicotine cigarette reduces craving (Barrett, 
2010; Buchhalter, Acosta, Evans, Breland, & Eissenberg, 
2005; Donny, Houtsmuller, & Stitzer, 2007) and alters brain 
nicotinic acetylcholine receptor occupancy (Brody et al., 2009). 
The so-called “scratch” in the throat may be of importance 
for these effects.

 d) Although nicotine replacement treatment is an effective aid 
for quitting smoking, its efficacy is moderate (Fiore et al., 
2008) even if doses that replace most or all nicotine from the 
cigarettes are used (Dale et al., 1995).

 e) There is no evidence for the abuse of pure nicotine.

When the first version (the Tolerance Questionnaire, Fagerström, 
1978) of the Fagerström Test for Nicotine Dependence (FTND; 
Heatherton, Kozlowski, Frecker, & Fagerström, 1991) was 
developed, tobacco smoking was not regarded as an addiction. 
Nevertheless, evidence that this might be the case was beginning 
to appear, and some researchers became increasingly interested 
in investigating the importance of nicotine in the smoking  
habit and educating the public about it. The research led to a 
profound change in the understanding of cigarette smoking, 
and in 1988, the U.S. Surgeon General, in the remarkable book 
Nicotine Addiction, established once and “forever” the impor-
tance of nicotine in tobacco smoking (U.S. Department of 
Health and Human Services [U.S. DHHS], 1988). However, as 
the role of nicotine was established, researchers lost sight of the 
possibility that other determinants might also be important. 
More recently, it has been found that, although nicotine is the 
most important addictive component of tobacco smoke, it is 
probably not the only substance involved in the development of 
tobacco dependence. In light of what is now known about what 
determines cigarette smoking, it seems timely to propose a 
renaming of the FTND to the Fagerström Test for Cigarette De-
pendence (FTCD). The background for this is discussed in this 
commentary.

Nicotine as a Determinant for 
Smoking

Nicotine plays a central role in tobacco use. It is a necessary con-
dition for regular tobacco use but is it sufficient? Cigarette 
smoking seems to create a dependence in users as fast if not 
faster than other drugs (DiFranza & Ursprung, 2010) and develops 
to a level or degree of dependence equal to the so-called hard 
drugs (U.S. DHHS, 1988). Most of the effects from nicotine 
come from it being absorbed in the lungs and then rapidly 
transferred by the blood to the brain and other potential targets. 
The effects on the brain of nicotine delivered in this way are the 
primary focus of most contemporary research. However, nicotine  
may also have important direct effects on the peripheral nervous 
system. Nicotine has been found to stimulate sensory nerve 

Commentary

Determinants of Tobacco Use and 
Renaming the FTND to the Fagerström 
Test for Cigarette Dependence
Karl Fagerström, Ph.D.
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Summary Statistics

• In the experimental literature on individual preferences and smoking 
behaviour, researchers often try to maximise the difference between smokers 
and non-smokers by selecting only heavy smokers to take part in the study

• We recruited smokers across the entire spectrum of severity to determine 
whether being a smoker, irrespective of intensity, is associated with individual 
preferences; this also allows us to explore the relationship between atemporal 
risk preferences, time preferences, intertemporal risk preferences, and 
smoking intensity

Variable Mean Std Deviation
Demographics
Age 29.948 11.887
White 0.266 0.443
Male 0.434 0.497
Financial situation today 2.840 1.041
Staff 0.434 0.497
Non-smoker 0.520 0.501
Ex-smoker 0.117 0.322
Current smoker 0.363 0.482

FTCD score 2.495 2.119
Average cigarettes per day 8.129 5.317

Treatments - Time Preferences
FED: 0 days 0.502 0.500
FED: 7 days 0.498 0.500
High Principal 0.501 0.500

Table 1
Summary Statistics
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Econometrics
• We adopt the statistical approach of Andersen, Harrison, Lau 

and Rutström [2018] to estimate the parameters of a stochastic 
discounted utility (SDU) model jointly with the parameters 
defining atemporal risk preferences and time preferences

SDUA = ω(0.6)×[D7u(R450) + ρ + ω(0.4)×[D7u(R20) + ρ D21u(R20)]  D21u(R450)]

if ρ = 1 → intertemporal risk neutrality 
if ρ < 1 → intertemporal risk aversion 
if ρ > 1 → intertemporal risk seeking
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Econometrics
• We adopt the statistical approach of Andersen, Harrison, Lau 

and Rutström [2018] to estimate the parameters of a stochastic 
discounted utility (SDU) model jointly with the parameters 
defining atemporal risk preferences and time preferences

SDUA = ω(0.6)×[D7u(R450) + + ω(0.4)×[D7u(R20) + D21u(R20)]  D21u(R450)]ρ ρ

ln L(r, φ, η, β, δ, ρ, μ, ν, ψ; z, X) = ln LARP + ln LTP + ln LSDU



Econometrics
• HHRS emphasise the importance of appropriately 

characterising a sample’s atemporal risk attitudes when 
drawing inferences about its discounting behaviour 
because, as Andersen, Harrison, Lau and Rutström 
[2008] showed, estimates of utility function curvature 
significantly affect estimates of discounting parameters 

• This logic extends naturally to the SDU model because 
it is estimated jointly with the parameters defining 
atemporal risk preferences and time preferences 

• Consequently, it is important to accurately identify 
atemporal risk preferences and time preferences when 
estimating a SDU model because these atemporal risk 
preference and time preference estimates propagate 
into inferences drawn from the SDU model



Results

Model
Estimate

Power function parameter (r ) 0.522***
(0.019)

PWF parameter (φ) 0.716***
(0.019)

PWF parameter (η) 1.027***
(0.028)

Error (μ) 0.140***
(0.005)

Discounting parameter (β) 0.961***
(0.003)

Discounting parameter (δ) 0.840***
(0.066)

Error (υ) 0.874***
(0.140)

Power function parameter (ρ) -0.644***
(0.218)

Error (ψ) 0.286***
(0.022)

N 48640
log-likelihood -28351.110
Results account for clustering at the individual level
Standard errors in parentheses
* p <0.10, ** p <0.05, *** p <0.01

Time Preferences

Intertemporal Risk Preferences
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Intertemporal Risk Preference ML Estimates

RDU, Quasi-Hyperbolic Discounting
Homogenous Preferences

Atemporal Risk Preferences

Figure 1: Estimated PWF and Implied Decision Weights
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Results
• We find statistically and 

economically significant 
evidence of a present-bias in 
intertemporal decision 
making (β < 1)  and therefore 
characterise time preferences 
with a quasi-hyperbolic 
discounting function
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Results
• We find statistically and 

economically significant 
evidence of a present-bias in 
intertemporal decision 
making (β < 1)  and therefore 
characterise time preferences 
with a quasi-hyperbolic 
discounting function

• The estimate of the 
intertemporal power function 
parameter ρ is -0.644, which 
is significantly less than 1     
(p < 0.001), and implies a 
high level of intertemporal risk 
aversion 
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Smoking Status
• We find no statistically significant differences in the atemporal risk 

preferences of smokers, ex-smokers, and non-smokers
• By contrast, the long-term discount rate of smokers is 36 percentage 

points higher than non-smokers and this difference is statistically 
significant (p < 0.001)

Figure 2: Fraction of LL Choices by Smoking Status 

Non-smokers

Smokers0

.25

.5

.75

1

Fr
ac

tio
n 

of
 L

L 
ch

oi
ce

s

0 50 100 150 200 250
Nominal annual interest rate (percent)



Smoking Status
• We find no statistically significant differences in the atemporal risk 

preferences of smokers, ex-smokers, and non-smokers
• By contrast, the long-term discount rate of smokers is 36 percentage 

points higher than non-smokers and this difference is statistically 
significant (p < 0.001)

Figure 2: Fraction of LL Choices by Smoking Status 

Non-smokers

Smokers0

.25

.5

.75

1

Fr
ac

tio
n 

of
 L

L 
ch

oi
ce

s

0 50 100 150 200 250
Nominal annual interest rate (percent)

Non-smokers

Smokers

Ex-smokers

0

.25

.5

.75

1

Fr
ac

tio
n 

of
 L

L 
ch

oi
ce

s

0 50 100 150 200 250
Nominal annual interest rate (percent)



Smoking Status
• The distribution of the intertemporal risk preference parameter ρ is 

skewed towards high levels of intertemporal risk aversion and exhibits 
significant heterogeneity according to gender and financial situation, 
but not smoking status

Figure 3: Distribution of Intertemporal Risk Preference Parameter (ρ)
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Smoking Intensity
• Given the historical differences in smoking prevalence for 

men and women, together with the statistically and 
economically significant difference in their intertemporal risk 
preferences, we split the sample by gender to estimate our 
SDU model and allow the parameters to vary as a function of 
demographics, socio-economic characteristics, and the 
number of cigarettes smoked per day

• For both men and women there is a large and 
statistically significant relationship between 
the number of cigarettes smoked per day and 
the long-term discounting parameter δ 

• These economically significant estimates 
explain why heavier smokers find it harder to 
quit: the long-term benefits that result from 
successful abstention are discounted heavily 
and do not exceed the short-term costs of 
quitting 



Smoking Intensity
• By contrast, there is no statistically significant relationship 

between smoking intensity and the present-bias parameter β, 
and no substantive differences in atemporal risk preferences 
by the number of cigarettes smoked per day 

• Smoking intensity is related to the intertemporal risk attitudes 
of men (p < 0.05) but not women (p = 0.434)

• For men, every additional cigarette smoked 
per day is associated with a 0.05 increase in 
intertemporal risk aversion, implying that 
heavier male smokers in our sample tend to 
be more intertemporally risk averse 

• This estimate is economically significant 
because an increase of 10 cigarettes 
smoked per day is associated with a 0.5 
increase in intertemporal risk aversion



Smoking Severity
• We also estimate the SDU model and allow the parameters to 

vary as a function of demographics, socio-economic 
characteristics, and smoking severity, measured by smokers’ 
scores on the FTCD 

• For men and women, there are no statistically significant 
relationships between present-bias β, long-term discounting δ, 
and smoking severity 

• Similarly, there are no substantive relationships between 
smoking severity and the atemporal risk preferences of men 
and women 

• In addition, there is no statistically significant relationship 
between smoking severity and the intertemporal risk 
preferences of women 

• However, there is a large and statistically significant (p < 0.05) 
relationship between smoking severity and the intertemporal 
risk attitudes of men 



Smoking Severity
• A 1-unit increase in FTCD score is associated with a 0.44 increase 

in intertemporal risk aversion, suggesting that as smoking severity 
increases, male smokers become much more intertemporally risk 
averse

-3 -2.5 -2 -1.5 -1 -.5 0 .5 1 1.5 2 2.5 3
ρ
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FTCD score = 3
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Figure 4: Smoking Severity and Intertemporal Risk Attitudes of Men



Conclusions
• Our research makes a number of contributions to the 

experimental economic literature on addiction 
• First, we replicate the finding of HHRS, using a larger sample 

with more demographic and socio-economic variation, that 
atemporal risk aversion does not differ substantively 
according to smoking status and smoking intensity, while 
extending this null result to smoking severity as measured by 
the FTCD 

• These results suggest that despite the clear risks involved in 
tobacco smoking, atemporal risk preferences are not a robust 
behavioural marker of addiction 

• Second, we replicate the finding of economically and 
statistically significant differences in the time preferences of 
smokers and non-smokers, and add nuance to this result by 
including ex-smokers in the sample: ex-smokers discount at a 
level between smokers and non-smokers 



Conclusions
• Third, we identify a large, positive relationship between smoking 

intensity and the discounting behaviour of men and women that 
has important implications for treatment of tobacco use disorder 

• Heavier smokers tend to have higher discount rates, which will 
make it harder for them to quit because the long-term costs of 
continuing to smoke and the long-term benefits that result from 
successful abstention are discounted heavily 

• These differences in smoking intensity and discounting behaviour 
could be leveraged in the design of “behaviourally smart” 
smoking cessation programmes 

• Fourth, this is the first study to have investigated the intertemporal 
risk preferences of smokers, specifically, and addicts, generally 

• We provide a template for conducting this investigation that uses 
incentive-compatible economic experiments and a structural 
econometric framework to estimate a SDU model jointly with 
atemporal risk preference specifications and discounting 
functions



Conclusions
• Fifth, we show the importance of accurate identification of 

atemporal risk preferences and discounting behaviour when 
drawing inferences about intertemporal risk attitudes 

• Finally, we identify significant heterogeneity in intertemporal risk 
preferences but find, contrary to the assumption employed by 
some economic models of addiction, that smokers do not 
exhibit intertemporal risk seeking behaviour 

• Instead, our sample is characterised by a high level of 
intertemporal risk aversion, which does not differ significantly 
according to smoking status 

• However, measures of smoking intensity and smoking severity 
are related to the intertemporal risk attitudes of men: as smoking 
intensity and smoking severity increase, this is associated with 
statistically and economically significant increases in 
intertemporal risk aversion 

• By contrast, the intertemporal risk preferences of women do not 
differ as a function of smoking intensity or smoking severity



Conclusions
• Taken together, these results have two implications for the 

behavioural analysis of smoking 
• First, heterogeneity of smoking behaviour, rather than 

binary classifications of “ever” or “never” smokers, clearly 
interacts with risk and time preferences 

• This is particularly evident in the smoking intensity results, 
where increases in the number of cigarettes smoked per 
day are associated with large increases in long-term 
discounting behaviour on the one hand, and increases in 
the intertemporal risk aversion of men, but not women, on 
the other 

• Second, evidence for atemporal and intertemporal risk 
aversion, coupled with moderate levels of discounting, 
point to the potential role that poorly calibrated subjective 
beliefs about smoking might play in the onset and 
persistence of addiction


