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Simulation Modeling and Tobacco Control: 
Creating More Robust Public Health Policies 

Although previous empir­
ical studies have shown that 
tobacco control policies are 
effective at reducing smok­
ing rates, such studies have 
proven of limited effective­
ness in distinguishing how 
the effect of policies depend 
on the other policies in place, 
the length of adjustment pe­
riod, the way the policy is im­
plemented, and the demo­
graphic groups considered. 

An alternative and com­
plementary approach to 
purely statistical equations 
is simulation models. We 
describe the SimSmoke sim­
ulation model and how we 
used it to assess tobacco 
control policy in a specific 
case study. Simulation mod­
els are not only useful for 
policy prediction and plan­
ning but also may help to 
broaden our understanding 
of the role of different public 
health policies within a com­
plex, dynamic social system. 
(Am J Public Health. 2006;96: 
494-498. doi:l0.2105/AJPH. 
2005.063974) 

I David T. Levy. PhD. Joseph E. Bauer. PhD. and Hye-ryeon Lee. PhD 

SINCE THE LANDMARK REPORT 

on smoking and health by the 

Sw-geon General in 1964.1 sub­

stantial progress has been made 

in reducing smoking rates in the 

United States. In 2003. about 

21.6% of adults smoked.2 The 

Healthy People 2010 goal is to 

reduce smoking prevalence to 

12% by the year 2010.3 Al­

though some states (e.g., Califor­

nia and Utah) have nearly 

achieved that goal, other states 

still have a long way to go, with 

rates near 30%.4 

Much of the decline in smok­

ing rates is attributable to effec­

tive tobacco control policies.5
.
6 

Nevertheless, we expect that con­

tinued reductions in smoking 

rates may be more difficule and 

will require more robust policies. 

It will be necessary to determine 

how individual policies can best 

be implemented, to sort out the 

independent effects that different 

policies have on different popula­

tions, and to determine how the 

effects of multiple policies inter­

act with each other. To get at 

these issues, we must move to­

ward building models that can 

help us design policies that 

replicate past successes and tailor 

policies to those populations at 

the highest risk. 

A substantial body of research 

has examined the effect of public 

policies on smoking attitudes and 

behaviors.5
.
6.8 However, although 

we have good evidence on the 

effects of some policies (e.g., 

taxes and worksite restrictions), 

our knowledge of other policies 

(e.g., youth access policies, media 

policies, and advertising bans) is 
relatively weak.6.8 Even for the 

better-studied policies, our 

knowledge is often limited in 

terms of how the effect of that 

policy depends on the following; 

• The initial level (e.g., the 

amount of the tax before any 

policy change) 

• The extent of change (e.g., the 

change in the tax rate or per 

capita media expenditures) 

• The manner in which a policy 

is implemented (e.g., whether a 

clean air law is publicized and 
enforced) 

• The period of time that it has 

been in effect (e.g., the effect of 

a policy that predominantly af­

fects youth will generally have 

http://www.cdc.gov/brfss. Accessed Jan­
uary 26. 2005. 

17. Homer J. Jones A. Seville D. Dia­
betes System Model Reference Guide. 
Hartland. Vt: Sustainability Institute; 
2004. Available at: http://sustainer.org/ 
pubs/ diabetessystemreference.pdf. Ac­
cessed May 28. 2005. 

increasing effects on adult prev­

alence with time) 

• The other policies in place or 

currently being implemented 

(e.g., the effect of a public 

media campaign may be 

greater if there is already a ban 

on industry advertising) 

• The sociodemographic or 

smoking characteristics of the 

population (e.g., a policy may 

have less effect on heavy smok­

ers than on lighter smokers) 

Understanding these nuances 

is important for creating more ro­

bust tobacco control policies. 

Except for a small number of 

empirical studies that simultane­

ously considered the effect of 2 

tobacco control policies,9-11 most 

consider the effect of only 1 pol­

icy, thus making it difficult to 

learn how multiple policies inter­

act with one another. Except for 

tax policy, little is known about 

the reactions of different sociode­

mographic groupS.6 The other is­
sues listed also are not consid­

ered in most studies. Information 

is often not available to estimate 

complex statistical models; data 

on outcomes, policies, or other 
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influencing factors may be in the future. Although this arti- restrictions (bans/warning labels), tum affects smoking rates 

poorly measured or unavailable cle focuses on the use of the cessation treatment policies (en- (through an S-shaped curve). 

over sufficiently long time peri- SimSmoke model for prediction couraging interventions by health The time pattern of policy ef-

ods. In addition, the variables of and planning, simulation models care providers and providing fi- fects depends on how they alter 

interest may not exhibit sufficient generally help to broaden our nancial coverage for treatments), initiation and cessation rates over 

variability to accurately estimate understanding of the role of dif- and policies that limit youth ac- time. On the basis of evidence 

complex relationships. ferent public health policies cess to cigarettes (enforcement of from prior studies, most of the 

An alternative to pure statisti- within a complex, dynamic social underage laws and vending ma- policies have a large immediate 

cal modeling, but one that we system. Our ultimate purpose is chine and self-service bans). The effect through prevalence rates 

argue is a complementary ap- to describe a vision of how simu- policy parameters in the model apportioned over the first 3 years 

proach, is simulation modeling. lation models might become an used to generate the predicted that the policy is in effect. Poli-

Rather than attempting to esti- integral part of local, state, or na- effects are based on reviews of cies continue to affect cessation 

mate all the pathways in a single tional surveillance and policy the literature 19-25 and "reason- and initiation rates as long as the 

statistical equation or group of evaluation systems. able estimates" developed with policy is sustained. For example, 

equations, simulation models the advice of an expert panel. higher taxes or clean air laws 

may systematically combine in- THE SIMSMOKE MODEL The structure depends on theo- continue to increase quit rates 

formation from different studies retical constructs from the social because of policy-induced reduc-

with plausible theoretical rela- SimSmoke is a system-based sciences, as well as empirical tions in the quantity smoked by 

tionships. The model is then vali- simulation model that assesses studies. For example, the cessa- continuing smokers and contin-

dated against actual trends and the impact of past tobacco con- tion treatment module allows for ued incentives to quit. 

turning points in smoking rates trol policies and generates pre- substitution among different One of the reasons for imple-

for the population as a whole dictions about the future effect of treatments and diminishing effec- menting different policies is that 

and for various population sub- pOlicies on smoking prevalence tiveness at the population level, they affect different demographic 

groups. As new empirical studies and premature mortality attribut- and the mass media module in- or smoking groups (e.g., heavy vs 

are conducted, information from able to smoking. The basic corporates the classic S-shaped light smokers). For example, 

those studies can be incorporated model utilizes a population com- dissemination curve, in which taxes have greater effects on the 

in the model, and the validation ponent, a smoking component, per capita expenditures must be young and on certain minorities. 

exercise begins again. and a number of tobacco control high enough for messages to Policies, such as 'worksite laws, 

Simulation models of smoking policy components in moving the reach smokers a sufficient num- have greater effects on males 

behaviors date back at least to population forward through time. ber of times, and then shows and those of working age be-

the 1980s.12 More recently, mod- For the population component, diminishing returns. cause of greater labor participa-

els of the effect of tobacco con- the population changes through The effect of policies depends tion and thereby have a more 

trol policies, trends in smoking births and deaths. For the smok- on the initial level of policies immediate impact on deaths at-

prevalence, and health outcomes ing component, smoking is de- (e.g., the current level of cigarette tributable to smoking. A policy 

have been developed by Mendez fined in terms of established taxes), the extent of change in that affects youth translates into 
and Warner,13.14 Orme et al.,15 smoking (~ 100 cigarettes life- policies (e.g., the change in the significant reductions in adult 
Tengs et al.,16.17 and Levy et time), and individuals are classi- tax), and how the policies are im- smoking rates only in later years, 

al. 18.19 The SimSmoke model of fied as never smokers, current plemented (e.g., per unit or as a as those youths age.19 

Levy et al. considers a broader smokers, or ex-smokers at base- percentage of sales). Advertising Although the model focuses 

array of public policies than the line. Over time, the numbers bans and clean air laws depend on individual policies, multiple 

other models l8.19 and is the focus change through smoking initia- on the types and extent of re- policies may act synergistically in 

of this article. tion among never smokers, strictions already in place and shaping individual and societal 

We describe the genesis of the smoking cessation among current those newly implemented. Cessa- attitudes toward smoking. The 

SimSmoke model and how it has smokers, and smoking relapse tion treatment use and effective- model assumes that the percent-

been applied in real-world situa- among ex-smokers. ness depend on the treatments age of reductions from the differ-

tions to assess tobacco control For the policy component, sep- covered and the degree of physi- ent policies are multiplicatively 

policy. A specific case study will arate modules are developed for cian involvement. The youth ac- applied but allows for some spe-

be described to provide context different types of tobacco control cess module considers the role of cific synergies between policies. 

and to help visualize the possibil- policies, including price interven- compliance checks (with dimin- Media campaigns are more po-

ities of a simulation modeling ap- tions (taxes), clean air laws (work- ishing returns), penalties, and tent when other policies are si-

proach. Finally, we will discuss place, restaurant, and other public merchant concern (through a multaneously implemented be-

limitations of the model and how places), mass media/comprehen- multiplicative function) as it af- cause of reinforcing messages 

simulation models might be used sive campaigns, advertising fects retail compliance, which in from their publicity. In addition, 
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as other policies reduce the num- period. By maintaining policies at these studies are used to revise until a year after the program 

ber of older smokers, youth have their baseline level over the policy parameters in the model. began in 1996. 

fewer alternative sources for ac- tracking period, trends in smok- With these improvements, the A study by the Arizona Crimi-

quiring cigarettes when retail ing rates in the absence of policy model provides a sounder basis nal Justice Commission27 exam-

sources become less accessible. change can be predicted. By then for planning. ined changes in youth smoking 

programming the actual changes prevalence in Arizona between 

THE ROLE OF POLICY in individual policies, the effect of CASE STUDY: 1996 and 1999. The evaluation 

SIMULATION MODELS policies individually and in com- THE FULL COURT PRESS documented a 27% prevalence 

bination can be predicted.26 EVALUATION reduction in Tucson, which was 

The original intent for devel- To validate the model, levels larger than the rest of the state. 

oping SimSmoke was to provide and trends in smoking prevalence Between 1996 and 2001, The However, it was impossible to 

justification for tobacco control with actual policy changes over Robert Wood Johnson Founda- distinguish the effect of FCP from 

to policymakers. The SimSmoke the tracking period are compared tion funded a comprehensive, the effects of the Arizona TEPP 

model shows future trends in to estimates from large-scale sur- community-based adolescent to- or long-term downward trends 

smoking, the associated health veys. Comparisons are made for bacco use prevention program in smoking rates. Yet, it was nec-

outcomes, and the effects of pub- the adult population as a whole in Tucson, Arizona, called "Full essary to isolate the effects of 

lic policies on those outcomes. and for specific demographic Court Press" (FCP). This tobacco TEPP to determine the indepen-

By projecting the number of lives groups. Using mean square error control program, under the aus- dent effects of FCP. 

saved from implementing polices, and other criterion, the compar- pices of Robert Wood Johnson's To determine trends in youth 

tobacco control activities can be isons serve to validate the model SmokeLess States national pro- smoking rates and the effects of 

better justified. The model can for future projections and to de- gram, was a multifaceted effort to policies on those rates, an Ari-

also be used for planning pur- termine weaknesses of the model. reduce the prevalence of tobacco zona SimSmoke simulation model 

poses (how to refine existing Ideally, the SimSmoke model use by 10% of the baseline rate. was developed.28 Once we esti-

policies, the need for additional can become a central part of a FCP's focus was on changing mated the effect of long-term 

policies, or particular demo- surveillance and evaluation sys- broad community norms about trends and the policies in Arizona 

graphic groups to target). tern. Where data has not been tobacco through policy advocacy through the simulation model, 

The SimSmoke model has systematically collected, the activities. By creating changes in we could use the results to distin-

been applied to the United States model suggests the type of data the larger community, it sent the guish the changes in Tucson 

as a whole, single states within needed to improve surveillance message to youth that tobacco smoking rates attributable to 

the United States (i.e., Arizona, systems for monitoring smoking use was not acceptable, thus cre- FCP. The Arizona model began 

California, and New York), and rates of the entire population and ating a more enduring behavioral in 1993, before the tax hike and 

other sovereign nations (i.e., Ar- by age and gender, the extent of change than individual-based in- TEPP were implemented, so that 

gentina, China, Taiwan, and Viet- policies implemented, and terventions. FCP mounted com- these policies could be tracked. 

nam). Where sufficient data are progress toward health objec- prehensive interventions directed The model used data from the 

available, the model tracks the tives. The model also may pro- to the community at large as well state representative CPS-Tobacco 

effect of policies from a baseline vide guidance on the factors rele- as to youth. Use Supplement to establish 

year before major policy changes vant to measuring policies (e.g., FCP was a community pro- baseline smoking rates and then 

are implemented. The reliability the characteristics relevant to pol- gram confined to the city of Tuc- used that and other data sources 

of the model necessarily depends icy success and the role of other son, with a focus on outcomes to validate the model. 

on the quality of available infor- policies), the outcomes to be con- among youth. However, the pro- The Arizona SimSmoke model 

mation about smoking rates and sidered (e.g., the specific popula- gram was carried out against the predicted levels and changes in 

policy effects for the country or tions likely to be affected and backdrop of a larger state pro- smoking prevalence well. The 

state being modeled. time pattern of effects), and gram, the Arizona Tobacco Edu- simulation model concluded that 

Once the model is developed, whether the results are plausible cation and Prevention Program Arizona state policies were effec-

predictions of the smoking rate in light of past studies. (TEPP). Funded by the tobacco tive in reducing smoking preva-

are tracked from the baseline Like the model itself, the infor- tax increase of 1994, TEPP lence by approximately 20%. 

year to the most recent year for mational process involves adjust- began implementing statewide This rmding was consistent with 

which data are available. Smok- ments in a dynamic context. As media campaigns, cessation pro- an earlier stud/9 that showed 

ing rates change because of the new surveillance data are col- grams, youth programs, commu- similar rates of effectiveness. 

smoking patterns of different co- lected, the improved measures nity-based projects, and various However, the Arizona SimSmoke 

horts of smokers and because of (e.g., smoking rates) are inputted pilot projects in 1995. TEPP model went beyond that pre vi-

the effects of the different policies for better accuracy. As new eval- also had an evaluation compo- ous study by also examining the 

implemented during the tracking uation studies are conducted, nent that was not implemented role of long-term trends and 
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linked the reduction in smoking often there are not appropriate policies and the effect of policies products, such as low ni-

prevalence to specific policies. data that can help us tease out on different age groups is gener- trosamine smokeless tobacco or 

About 70% of the effect was at- the independent impact of these ally weak. This problem is ar- nicotine inhalers. 

tributed to price increases, al- programs as was the case in FCP, guably attributable to limitations A second simplification is that 

most 30% of the overall effect to SimSmoke is a useful tool that in our ability to construct suffi- policies are modeled as having a 

media policies, and a small per- can help establish the impact of ciently robust empirical models. unidirectional effect on smoking 

centage to clean air laws and policy changes on overall pro- Simulation models, by combining rates. As such, the model does 

youth access policy. In addition, gram outcome and help examine information from different stud- not explicitly model potential 

the model predicted that over the long-term impact of the ies and model validation, may feedbacks through industry prac-

25,000 lives would be saved program. help to improve our knowledge tices, social norms and attitudes, 

through 2040 as a result of the of these effects and to encourage and peer and family behaviors. 

policies implemented. DISCUSSION future studies of these issues. As As policies are implemented, 

Given the lack of a consistent new studies are conducted, infor- the tobacco industry might acqui-

time series of data prior to pro- SimSmoke models the time pat- mation from those studies can be esce to policies or strategically 

gram implementation, the model tern of effects of an array of poli- incorporated in the simulation respond through pricing or mar-

provided a fmner basis for distin- cies on smoking rates and smok- model, and the validation exer- keting practices. For example, in 

guishing the role of the state ing attributable deaths and how cise can begin again. the past 10 years, the high smok-

policies from that of FCP. Specifi- those effects depend on the way The impact that an array of ing prevalence in the United 

cally, results from the Arizona that policies are implemented. tobacco control policies has on States of individuals aged 18-24 

SimSmoke demonstrated that The model is developed as a sys- different sectors of the popula- years might be attributable to the 

20% of the 27% prevalence re- tem of equations, which considers tion can be exceedingly complex. industry targeting its marketing 

duction in youth smoking rates in the different demographic groups SimSmoke makes some imp or- efforts at this group to compen-

Tucson following the introduction affected and the interactive effects tant simplifications that make sate for lost sales among older 

of FCP were attributable to policy of the various policies. The model the model more tractable but smokers. Empirical studies have 

changes and long-term trends at has been developed in a manner also add potential limitations. generally not considered how the 

the state level. Teasing out the to allow for flexibility in adding The model does not consider effects of tobacco control policy 

impact using this SimSmoke ap- new data and changing the pa- changes in population trends might depend on current indus-

proach generates an estimate of rameters of the model. that are attributable to emigra- try practices and industry reac-

the FCP program in Tucson that In previous applications of tion and immigration, which can tions to the policy. 

is more in line with estimates that SimSmoke to the United States, limit the ability of the Arizona Although allowing for some 

were originally expected as a re- Arizona and California have accu- model in particular to track long- of the synergies that might be 

suit of the implementation of rately predicted trends and tum- term trends through changes in caused by changing social norms, 

FCP. The model was also used to ing points in population smoking smoking behaviors as immi- SimSmoke does not explicitly 

examine future implications of rates,26.28.30 providing some con- grants become more accultur- model attitudes or norms. Move-

FCP. After scaling to the Tucson firmation that the currently em- ated31
-

33 The model also might ments toward antismoking norms 

population, the model could ex- ployed parameters and assump- be extended to consider the may enhance the effect of poli-

amine how the changes in youth tions are valid. However, each of steps in the progression to smok- cies and may further fuel pro-

smoking through the FCP pro- the models overpredict the effect ing initiation and to smoking ces- grammatic change, which in tum 

gram would later impact adult of policies on 18-24 year old sation, rather than just simple can lead to further changes that 

smoking and-ultimately-future smokers (i.e., the models pre- initiation and cessation. The in- reduce smoking rates. For exam-

deaths attributable to smoking. dicted relatively steep declines in creasing smoking rate of young pie, media policies in California 

As policies change in future smoking for this age group since adults relative to youth suggests and Massachusetts were directed 

years, the Arizona SimSmoke 1993, but their rates have stayed that the progression to estab- at passing clean air laws, as well 

model will be updated and used relatively constant2), suggesting lished smoking has changed in as at smoking behaviors. Like in-

to determine how well past poli- the need for further study. In the recent years. The effect of quan- dustry reactions, modeling these 

cies continue to work and how absence of policies directed at tity reductions by continuing features would add considerably 

recent scale backs of TEPP and younger adults, smoking initiation smoking on future smoking prev- to the complexity of the model, 

FCP affect trends. may be delayed to older ages. alence and smoking-attributable and we did not find sufficient 

Given that many community- The model is limited by the death might also be explicitly empirical studies to support such 

based tobacco control interven- quality of the data and our considered. Models are also model components. 

tions take place against the back- knowledge of the effects of poli- currently being developed to Although peer and parental 

drop of changing national and cies. In particular, our knowledge consider the potential effects of smoking influence the effect of 

state policy environment and that of the interactive effects between alternative nicotine delivery youth-oriented policies, 
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SimSmoke does not explicitly 

model direct social interactions 

or feedback. Reductions in peer 

and adult smoking may spill over 

and reduce subsequent initiation. 

Despite its limitations, the 

SimSmoke model is a useful tool 

for estimating the long-term im­

plications of the current and fu­

ture policies at a systems level. 

As our knowledge of some of the 

linkages not yet incorporated in 

the SimSmoke model increases, 

extension of the model will help 

us systematically explore the po­

tential structure of such relation­

ships. We can, thereby, improve 

our ability to estimate and more 

systematically understand the 

long-term impact of policies. 

Moreover, because tobacco con­

trol is one of the more heavily re­

searched areas in public health, 

·the model might serve as a guide 

to other areas, such as drug 

abuse and obesity issues .• 
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