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Abstract

This thesis describesmodeling project, performed by Oleksandr Ivanov, a student enrolled
in European Master Program in System Dynamics, in cooperation with assistant professor Arielle
Selya (University of North Dakota) and under the supervision of associate professor Mbeat!
(University of Bergen).

The fieldwork was conductad Grand ForkNorth Dakota, th&JSA in April-June 2015.

The main problem is devoted to the prevalence in smoking cigarettes among adolescents
(middle school and high school students) in Norttkda. Despite the comprehensive atdbacco
policies implemented since 1998, more than 20% of high school students are still expased to
smoking habitAmong the reasons for thiare high nicotine dependence level and the low state
excise tax for tobacco products.

The thesis provideshaoverview of main driving forces and feedbacks within the system of
smoking development, pointing out peer and parental pressio@jne dependencand other
ambientfactors (cigarette availabilitygxposure teseconeéhand smokingetc). Additionally, the
researclexplorespotential consequences of the boonthia market ofe-cigarettes under different
scenarios.

Particular focus is madeon the policy analysis and implementation, testing tax,
informational, compliance and ban on flavors policieards meeting Healthy PeepRk020
objectives It was found that the increase in the state tobaccsexax by 1.56isdis the most
promising policy.If implemented in 2016} would benefit the society by 1381 liveaved from the
premature deh and total saved costs of 120lion usdby 2032.

The thesis is structured as follow€hapter 1 provides an introdimt to the problem,
observescurrenttrendsin smoking, formulates research objectives and research questirs
discusses the research methodold@lyapter 2 describes the modetcture in stoclandflow and
causal loop perspectiseChapter 3 tests the initial hypothesis by model sitiaria. Chapter 4 is
devoted to the process of modeligation. Chapter 5 suggegtelicy options, analyses their cost
effectivenessand prwides a detailed action plan.

Key words: smoking development, adolescents, nicotine dependence #telpbacco
policy, ecigarettes, system dynamics
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Chapter 1. Introduction

1.1. About this Project

The thesis projectdescribedbelow is written in accordancevith the requirements of
European Master in System Dynamics, representing modeling and analytical skills gaimed by
during myinvolvement into the study program in 262315 years.

The project opportunityhas beerrealized in terms ofa wider collaboration dtween the
University of Bergen irNorway (UiB) and theUniversity of North DakotdUND) in the United
States(an associate member of EMSD Consortium) establishelllarch 2013 The research
initiative was supportedy a funding assistancef the Norwegian Center for International
Cooperation in Education (S)U

The research topmwassuggested by Arielle Selya, assistant professor at SchootdicMe
and Heéh Sciences, and Scott Johnson, principal advisor aingtgute for Energy Studiesvho
jointly teach asystem dynamic¢SD) courseat UND. The motivation for the project @inates
foremost in the research activities mfofessorSelya, who has been working othe Social and
Emotional Contexts of Adolescent Smoking Patterns (SECASP) Sindg 2011 She provided
supervisionon the substantive aspect ofy research while Wwasin Grand Forks, ND, durinthe
period of AprikJuly, 2015.My UiB thesissupervisorassociate professor David Wheat, provided
SD modeling assistance.

Among stakeholders in the field, Eric Johnson, the head of Tobacco Free North Dakota
(TEND), providedhis expertiseon the substantial interrelations within the modetl upto-date
insightson currensmokingtrends. He has taken partvalidaing the modeling resultss well

The thesigs organized in a logical sequence, introducing the problem definition, research
hypothesis, methodology used, literature review, model structure, simulation results, validation
tests, policy analysis and conclusiofkethesis also includesgolicy brief



1.2 The Phenomenon of Smoking

Cigarette moking is recognizeas a popular practiceof inhaling the tobaccomixture of
aerosol particles and gasg$esthe purpose afecreatiorand relaxationThe smole consists mainly
of the pharmacologically active alkalomdcotine andother substances thatre absorbed into the
bloodstream through the lungs. Thewffect the brain providing a positive sensatioreffect
Traditionally the smokeis produced as a result of burnimigied tobaccoleavesin cigarettes,
hookahs or other deviceBmong alternativgproductsfor smoking ae marijuana, flavored liquids
andvaporizedopiumwith the similar principle of usand effects.

According to itsorigin, first of all, smoking isconsidereda social phenomenorThus,
amongthe main factorsthat cause the initiation of smoking peer pressuréSchaefer, 2012)n
which sodal interaction, desire to betathed tahe communityandstatus motivateneto start and
keep smoking.This causality has a reinforcing nature There are other factorsuch as
environmental, cognitiveand genetic influence (ReyesGibby, 2015)(SR, 2012 connected to
seconehand and parental smokingocicdemographicand behavioral factorghat makepeople
susceptible to thikabit

The development of smoking behavior is a dynamic pra@&@Rs2012. It combinesseveral
stages from initiation tprogression to active smoking with different les/af intensity.

Smoking tobacco products has long his@rimots, beginning longbefore the negative
health consequences weadentified by the researcheend have become more widely knawiter
the European exploration and conquest of the Ameriobacco smokingpreadaround the world,
gaining great popularityin the USA, the peak of smoking epidemiasreachedt the beginning of
19605, when more than 50% tfe adult male population wereclassified agurrent smokergSR,
2012, and per capita consumption was 4166 cigaretisthe same timedue to the improved
methods of medical research, tBergeon General Report on Smoking and Hea(ttB64)stressed
the scientific evidence of negative health consequences of smoking phdsred the necessity of
immediateregulation Since1965 smokinghas becme a nationalpublic healthissueandhas been
thefocus ofthe scientific andoolicy makingcommunity.

Health conseguences

Smoking isconsideredne of theleading causesf preventable deattioballyo .

Firstly, the cigarettesmoke consists of different tars that cause lung cafixai, 1950)
heart attacks, chronic obstructive pulmonary disease, erectile dysfunction and cardio vascular
disease$WHO, 2019, leadingto a reduced life expectan¢gppendix 1)

Secondy, the medical researcidentified nicotine ashighly addictive Regularity of
smokingcigarettesorms a habit andtimulates thenicotine dependence that makes its impact on
the organism.The mainsymptomsof nicotine dependence includeithdrawal, toleranceand
craving for tobaccolt is a complex and multidimensional characterigiiat ismeasured by level of
smoking, future relapseand unsuccessful cessat{@R 20129, andis represatedby different scales
(FTQ, HONK, CDS, NDS$Sato, 2012)

10
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fiThe pharmeologic and behavioral processes that determine tobacco addiction are similar
to those that determine addictiondiugs such as heroin and coca@(®R, 20129. Because otheir
addictive properties, tobacco produet® regulated bythe U.S.Food and Drug Administration
(FDA) as recreational drugs.

Thirdly, secontiand smokergeople who breathe the smokeexhaledby others are in the
samerisk group as regular smoker@viore than 10% of all smokingelated deaths are the result of
nonsmokers being exposed to secérahd smoke (WHO, 2015.

Finally, these general health effects of smoking contribufenttreased absenteeism, loss of
well-being, and have implicatioisor heal t h c(@BR2012and its costso

Anti-tobacco policies

Sincethe 1968, the federal and stateogernmeng havedesigned and implementedsetof
antitobacco policiesntended to regulate the dramatic increase in smoking anheppulation.
Mainly the policies werefocused on increasing thiederal state and local excise taxes on
cigarettes, assistance inquitting, healthrelated information campaigns,warning pictures on
cigarettepacks, clearindoor air laws, bas on tobacco advertisement, efthe ongoing policy
implementation process within the states is monitored and angNBsP, 2015.

There isalsoknown nicotine replacement treatmeMNRT) (patches andicotine gum that
helps to cut down the quantity of cigarettes and quit smol8oge researchefSR, 2014 also
considersmokeless tobacco as a potentially preferaliégnative taconventional cigarettes.

Sincethe mid1990s,attentionto smokingin adolescenclas increasedecause that ithe
period when 95% of smokers initiatiee habit(NDSP, 201% For the purpose gbreventingthe
tobacco use amongenagersthe Tobacco Master Settlement Agreem€h®98) with the biggest
tobaccocompanieswas signed and the Family Smoking Prevention and Tobacco ContAait
(2009 passedhe USCongresslt helped to raise additional funds for atbacco programand
restrict the tobacco acertisementi Mny states also have passed laws against selling tobacco
products to minors (establishingaoking age 0

In the field of tobacco regulation the natiomddjectivesare setby FDA. Healthy People
(2010,2020, the nationbs di sease prpervoevitdmosbasasncdi eh
10-year national objective®r improving the healthoA mer i cans o, highlightin
of the nationb6s ALBR2WIINg Heal th I ndicatorso

The effectivenessof antismoking regulationss limited by significant policyresistance
This can bepartly explained by thestronglobby of tobacco companieshe activity ofs mo k er s 6
commurities andthe generabureaucric natureof policy implementatiormechanisms.

Tobacco market

fCigarettesare primarily industrially manufactured from loose tobaccorafithg papeo .
The most famous brands of cigarettes include Marliddesyport andCamel(2011-2013) that are
owned bylargetobacco companies that operatehe US market, such &hillip Morris, Reynolds
American, Lorillard(85% of market share in totagtc.
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Tobacco companies promote, produce and supply cigarettes to the nidrketverall
consumption ofdbacco products reach@é4 billion cigarettesn 2014 (CDC, 2014 that brought
multibillion dollar revenues for the producershis makestobacco businessery attractive for
investorsandintensifies thelevelopment ofthe newtobacco/ nicotine products

Thetobaccocompaniesarealsoamong the largest corporatexpayersn severalstates. The
overall tobacco tax (federal, state and local) paid in 2014 is 32.9 hikidr{Orzechowski, 2014)
fiTaxes on tobaccprovide revenue to governments at a relatively low administrativé owsting
these taxes especially appeal(&dR, 2014.

Measures of Tobacco Use

Monitoring programstrack the tobacco epidemic arsdiggesthow to improve existing
policies. The main indicatoref tobacco usénclude a variety of epidemiologic meares such as
frequency and quantity of smokingurrent prevalence ofigarettesmoking,trends in cigeette
smoking over time, disparities in cigarette smoking atier tobacco us€R, 2019, attempts to
quit smoking,concentration of nicotine ithe air, the age when cigarette smoking begietc This
kind of information isusually obtained byaccomplishingthe recurringnational/regional surveys
(National Survey on Drug Use and HealtN§DUH), National Youth Tobacco Survey (NYTS),
Youth Risk Behavior Surveillance System (YRBSS), Monitoring the Futiid=}) andfrom other
surveillance systemsStatistics on thedynamics of smoking behavior are widely reported by
specializedresearh institutions, national reporting initiativeBlGOs (Tobacco Free #3), health
departmerg, andmedia.

Smoking in the USA

Despite the medicavidence concerning harmful health consequences, smoking is practiced
by over 1 billion peoplevorldwidein the majority of human societies. Meanwhile each year, about
4.9 million people worldwide die as a result ofWHO, 2015, especially in Eastern European and
Asian countries. At the same time the USA has demonstrated significagitess in tobacco
control, by more than halving smoking rates since 1964 (from 43% to (0&¥)ston, 2014As a
reault of antrtobacco policieper capiteaobaccoconsumptions decreasing over time (Figure 1.1

|:| Snuff

D Chewing

. Pipe/roll your own
|]:|I| Cigars

|:| Cigarettes

Pounis of tobacco per capila

I I I [ [ I I [ [ [ I I [
1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
Year

Figure 1.1Per capita consumption of different forms of tobacco in the USA,-288Q (SR, 2012
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The vast majority bsmokers initiate smoking by thage of 16(Johnson, 2015) This
manifeststhe importance of studying this age grdogprevent individualgihat are in the greatest
risk of lifetime chronic smoking(Selya, 2013from developing smoking habit at its earlier stage
According to thestatistics(SR, 2014, fievery adult who dies early because of smoking is replaced
by two new young smokers in the UGA

In the USA the trend itthe prevalence of ever cigarettes smoking shows ativel decline
since 1976 with alightincrease in 1998Figure 1.2.) Amongadolescent groupsjgarette smoking
is more inherent tonalesof White and American Indiarace,low-educated, living in the Midwest
and the South, and adolescents flom-incomefamilies (SR, 2014.

Gth, 10th, and 12th grades, 1975-2010

?n-m
Al
£ =
LY
=
= 40
=
-
=
304 — it grade
=
w4 TR e 10th grada
104 12th gradde
Ut - - - — —
14975 1980 149835 19540 14945 2000 2005 20110

Year
Figure 1.2Trends in prevalence (%) of ever smoking among young people over time, by grade
level; MTF, 19752010; the USAJohnston, 2015)
It was interesting to find out that the préarace in smoking among adultgongly correlates
with smoking among adolescents (Figure 1.3.). This underlinesrgfuenenthati s er i ous di s
in adulthood have t(3SRe019, andercduges certainanttiwdnt®issc e n c e 0

16—

14

e
1

I

Prevalence, 12- to 17-vear-olds
- =
1

5] B =041, p<0.05

] I I |
0 5 10 15 20 25 30 a5

Prevalence, 226 years old
Figure 1.3Prevalence of current cigarette smoking amongd2 7yearolds and those 26 years of

age and older, by state; NSDUH 262@&10; the USA
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Future trends and threats: E-cigarettes

There has been a decrease in the prevalence of aeawantional cigarettes since 1964, but
there many other tobacegelated challenges facinlgesociety.

For instance, increased taxation and regulation encourage tobacco companies to intensify
their innovation processand diversify their products as an alternative way of approaching
consumers. There is certainly a new smoking revolwproachingoffering a range of alternative
nicotine productsuch ase-cigarettes, smokeless tobacco, etc. All of them give birth to new product
cycles. At the same time, new complex behavioral pathways are emerging in smoking such as
diversification or dual use of multipkebacco products. Despite the prohibition of cigarettes sales
to minors in a majority of states, adolescents stit the most sensite group to product
innovations, among which new flavors, imagesd style. The dynamics of market innovations
fostersthe changes in the systeamdmakes the complexity of smoking developmentichgreater.

During the last fiveyears, thdJS market hagexperienced boom in ecigaretteqelectronic
nicotine delivery systemgpnsumptionHP, 2015) increasingrom 0to 15%prevalenceThe new
product is available in many flavoend design packageh is actively advertised in media and
weakly regulated by governments.

There is a active publicdebateaboutthe problem of product classificationwhether to
considere-cigarettes as a tobacco product or not, as theyigséineliquid (not tobacco leaves).
This raisesa question of whether antobacco policies, including taxation, should be extended to e
cigaretes In its latest reportthe Center for Disease Control and Preventi@DC) (20149
recommend the state andocal governments toonsider ecigarettes as a tobacco produstit so
far only 10 statebaverecognized it.

Therearevariousopiniors regardinghealth consequences @tigarettes Supporters of the
product argue thahey ardess harmful in gener#ihan tobacco cigaretteast h e y cahtaintdrg
found in the cigarettemoke, andthere is an option of nicotiAeee ecigarettesavailable at the
shops However, nicotindree vaporizing is preferred by less than 3% of consum(&R, 2013.
According to thesupporterse-cigaretteswill help current smo&rs of conventional cigarettegiit
smoking.Although by20l55eci gar ettes havenot been approved
any governmenin the world. Opponentsemphasizenicotine consumptiorby e-smokers,the
potential nicotine overdose in case of dual, ase otherunintendechealth hazards. Thus, usefs
e-cigarettesare less likely to quitthan thosesmokerswho never tried €igarettes. Additional
research is required jostify those opinions

Because othe uncertainty of health consequencesjgarettes are treated differently within
the world and the USA from the #solute ban (Australia) to frepurchase even for minors
(Massachusettsthe USA) . Moreover the variety of flavors and specific design makihe e
cigarettes popular among adolesceeten those whbave never triedonventionatigarettes. This
potentally serves aa gatewayo later cigarette ug&R, 1999.
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1.3 Smoking in North Dakota

Smoking patterns in North Dakota reflect tbeerall trends inthe USA with their own
particularitiesover time

First of all, the geography of the regjomural vs urban,density of populationyweather
condition, etc. definghe specifics of human interactions and susceptibility to smoking. Sggond
cultural features likeeligiosity (Christianity/ American Indian belief$lave anmpact on thesocial
norms(SR, 2012 andsmoking behaviorand limit or reinforcehe initiation of smoking.

%, adults
28

26

24 ~
= i\
22 \

g —
\\ North

20 Dakota

18 N

/<

e USA
16

14
12

10

19921994199619982000200220042006200820102012
Years

Figurel.4 Prevalence ofurrent cigarettemoking(%) among adults in birth Dakotaand the USA,
19922013(SR, 2014

The trend in current cigarette smoking among adults in the USA depicted on Figure 1.4.
shows a steady decline over time with a slight increase in 2008. The simmthirifeD fluctuates
with increases in 1996 and 20GLdrop in 1998anda decline after 2001Theincrease in 2011 is
caused by changing the metlotmyy for data collectiodND Report Card, 2004In general, adults
in ND smoke less than average in the USA.

The averageetail price per pack of cigarettes iIND is lower than the US averagpecause
the statdhas one of the lowest tobacco exdmees(0.44usdpack, and ith a s n 6 thanbedf@ n ¢
20 years This significantlyincreasesccessibility to tobacco.

On the other hand\yD is one of the fewest states thmbvides a funding assistance of anti
tobacco programs in accordance wiébC recommendation&CDC, 2014, fulfilling 97% of the
normwith 9,8 millionusdper year.

ND laws related to smoking issues incltleCe nt ur y CaH808, 281490 23. 1
12-11, 4404-06, 5132-01, 5736-06), the SmokeFree Law the Tobacco Products Tax Lawhere
is also StateStrategic Plana Prevent andReduce Tobacco Use 20@914 issued by the Health
Department oND (2007).

ND6 s | e gpolisyl makeisaveedividedinto House of Representatives and Senata
state égislaturethat meets on a bienniabasis. In the executive branch of power the ND
Government 6s Tobacco Pr event ihasjorisdactiod ov€l tobatco ol A
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control billsandthe Health Department of NDmplements the new regulations and morstibre
overall smokingdynamics. There are a fewterest groupsuch asTFND and BreatheND that
support to regulatory initiativeend communicatthemto the socigy.

The 2015 legislative sessiatisplayed aquite conservative position concerning changes in
thetax policy, defeating two bills that would hawecreasd the excisetax from 0.44to 2 usdper
pack. At t he same ti me, d e pigateties a&s a thhacco @rdduct; vehat Gegpsi z
them out of taxation and makes themreavailable for consumers.

1.4 Problem Description

Although tobacco use in adolescents has declined over the gasa@esn ND, it remains
a significant determinant of current and future health outcoffesrapid decline in tobacco use in
the early twentfirst century has not continued at the same pace. Tobacco use among youth
remains unacceably high, and national surveys show thdeclines in rates of current smoking
have been slower and more sporadic in recent €8k, 2014.
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Figurel.5 Percentagé€o) of middle school and high school students who were cusraeokers of
conventional cigarettedlorth Dakota, 1992013 Youth Tobacco Survef2013)

Unlike adults(Figure 1.4) adolescents in ND are more likely to smoke than adolescents
nationwide (Figure 1.5).

After years ofsteady progressideclines in the use dbbacco by youth and young adults
have sted for smokelessand alternativetobacco use (SR, 2013. Thus, the ecent surveys
(Johnston, 2014jnonitoring trends in tobacco usalioate that the percentage of W#ddle and
high school students who use new tobacco produatgéeettes, snuffjripled between 2011 and
2013(from 3.3% t09.8%). The unregulated boom in distribution and pation of the ecigarettes
raisesconcerns about the future of smoking behavior.

Moreover, the goals set in the fietd smoking regulation on the federal asihtelevels
have beerhard to achieveFor examplethe Healthy Peoplebjectives2010 (16% in high school
students), andNo r t h  DStratepgic ®lans Preventing Tobacc@0082013 (15%)(2007)

h a v e eemfulfilldd. All of this requires more detailed system research.
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1.5 Research Objectives and Research Questions
According to the issues describedsiection 1.4 the research objectise€an beformulated
as follows. First, © developa generalunderstanding of smoking dynamics among adolescents
includingdewelopment of nicotine dependenae North Dakotasince 1992Secondio test existing
antitobacco policies by experimentingth the applications 08D to gainnew insights related to
new alternative tobacco productEhird, to explore theimpact of e-cigarettes on the systeof
smoking development
These objectives were specified in the research quesiibedirst set of questions is related
to the factoraffectingsmoking and tkir influence on the system:
1. What are thanain driving forces influencing the development of smoking behavior in
adolescenceHow does the initial level of nicotine dependence affect the system?
2. What is theeffect of parental smokingon the intial nicotine dependence lev@enetic vs
environmental contributions)?
The second set of questions is focusedinly on the existing policies and alternative
tobacco products {eigarettes) that are booming in North Dakatal the USA
3. Is it possibé to achige the Healthy People goalby 2020?What is the pssibility of a
smokingfree society?
4. What are the potential unintended consequences obibr in e-cigarettes?
5. What are thenost effective policiesn dealing with semregulated market of-eigarette®

1.6. Research in the Field: Model-Based Analysis

Smokng as a social phenomenon isfacus of multidisciplinary reseach in different
scientific fields from medicine to sociology. As a complex system, smakinglves Alayered
social and environmental context$SR, 2019, different factors and drivingofces (mentioned in
section 1.2)The plurality of scientific methods was impliéal study smoking behavipincluding
modeling.The models of smoking development are classified according to the scope, the principle
of construction, software used, etc.

Theoretical models that consider these multiple levels of neuagidal, sociocontextual,
and environment al i nfl uence canechod ogabal ednc
(Sussman, 2008)in these models, intrapersonal predictors of tobacco use are grounded within
larger social and environmental structurése main theoretical concepts are wdkscribed in the
editions of Surgeon General Ref@®&994 2012, 2014.

The stage model is a useful heuristic devi&R, 1994 and, asiis true with other
integrative models, helps to stimulate new research and guide efforts in prexeAtorewer data
analytic techniques have become available, researchers have been able to empirigdily iden
fidevelopmental tractories of tobacco use that more clearly capture this heterogefiayhew,
2000)(Chassin, 2000(Bernat, 2009)Several studies have identified three to six discrete smoking
trajectories(Bernat, 2009)in such models: four stages of smoking acquisi{iBallone, 2008)
escalating stagegColder, 2001) susceptibility model (Pierce, 1998) the stage of noncurrent
experimentergGilpin, 1999) clusters of smoker$Soldz, 2002)etc However, these stages are still

based mostly on theof¥lay, 1993) with limited empirical evidence to validate them.
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Other gquantitative modeling approaches were reflected in many deterministic models by S.
Boker, J. Grahan{1998) - linear models of drinking andmoking, D. Schaefef2012) and J.
Lospinoso(2010) - models of smoking and friendship formation, M. Turlf2900) - normative
transgression, ASelya(2013)- structural equation and hierarchicaldar models of risk factars
But all existing modelsrbgmentally describe the main causes and effects related to smoking,
showing correlations to other pernicious habits or conceptual representatiereafdting theories.

All mentioned approachese evenbriented(Morecroft, 2007; Stermar2000)without providing a
broadermictureon the issue of smoking in adults and adolescents

The growing complexity of the issue requires additional observation and empirical evidence
interpreted with aystenic prospectiveMoreover, a pluralism of human behavior within the social
system create the norinearity that hasto be discovered witlalternative methodshén linear
modeling.Thus, multilevel modeling techniquéBigure 1.6 are commonly used to examine how
factors such as intrapersonal charastes, families, peer groups, schoold communities,
interact together to jointly influence adolescent tobacco outc@&e2019).
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Figure 1.6Simplified dynamic model of protobacco and antitobacco forces on patterns of tobacco
use; created by A. Villan{SR, 2014
I n ng how to accelerate the

essential tool for projing the potential consequences of tobacco control gtiate(SR) 2014.
For i nstance, Levyods m qLebvgy,| 2010) fexplaced she aeffect® of t r
implementing a comprehensive tobacco control strategy with four components directed at reducing
the prevalence of smoking in the popul ation:

cigarette tax increases, (2) smdkee indoor air laws, (3) mass media/educational policies, and (4)
evidencecbased and promising

consideri

end

new
will remain a needed tool for continually revising tobacco control strategies, reflecting gn@idyn
nature of the tobac(R,2@4i demi c dr i
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There are a fewmokingresearch projectsonducted in the field of SD, focusing mainly on
the issus of smoking in the USA, New Zkeand, and Indonesia.The overview of theserojects
highlights the main conceptuéhmad, 2007)and quantitative model&Richardson, 2007)In
general they represent dynamicstbé main reinforcingfeedback loopg isocssalr epj) e an
counteractig loops (restrictions in selling cigarettes, quitting progranmssmoking development.
However theyfocused on the general population. Theck of consideration of smoking behavior
duringadolescence, vamthe nicotine dependence asimhokingpathways occur constitutegjapin
the knowledgeand requires further SD research devotedigghrticularage group

1.7 Methodology Choice and Research Strategy

Methodology

Researchergn the field ofsmoking behaviouse different research strategies to achieve
their research goals. In most cases clinical experim@nigbin, 2000) surveys and statistical
analysig(Selya, 2013garewidely usedto elicit information andestthe hypothesis.

Taking into account gracticeoriented focuf this researchthe researchtsategyfor this
thesis can be chiacterized as a combination of grounddteadry and SD modeling and
experimentationMoreover, other tools will be used such as regression analysis for quantification of
interrelations within the model.

The overall methodology used in the thesis embraces the logical sequence of the stages of
problem definition, hypothesis formulation,adysis, policy design and implementation. It is widely
applied in the field of SD projectdoxnes, 2009a)

Thus, thefirst part of the researdl devoted teexploration ofthe mainhistorical patternsf
smoking dynamicsluring adolescence, requiring tlaalysis of secorady data (previous reports
and surveys) and elicitation of information fralee mental model§LunaReyes, 2003}hrough
interviews Basing on thse procedurest waspossible tadescribethe influence structur@/ennix,
1996)anddevelopappropriataunderstandingf how the system works.

The second pars focused orthe quantitative Snodelingandsimulaion basednalysis of
the dynamics of the systeamd testing different anrtobacco policies. The testseorganized in the
form of iterative simulations and experiments within the quantitative stock andSidwodel
(built beforehand on the basis of assumptions formulated in the first part of the researdi)edt
the understandingof the main structure of thelevelopmentprocess (smoking initiation,
progression, cessatipand relapse processes), identitfg Al ever age pointso
elements of the mode{pterman, 2000)visualizing the results of the simulation on theptisand
fosteringthe discussion around the possible future scenarios.

The core of the model is represented dgfasion model(Richardson, 2007 characterizing
transition of potential smokers intbe currentsmokers (who have smoked at least 100 cigarettes in
their life). This process includdransition stocks of smokers in between with different symptoms
and levels of addiction. The flow equaticare in the focus of the research, capturing main driving
forces (for example, social smoking concept or new cigarette products) and helping to understand
thedynamics of smoking prevalen@ichardson, 2014)
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Data collection and analysis
Decisions related to the implementation of the described strategjeseddifferent kinds
of information for analysis: both primadata(elicited from the interviews and simulation results)
and secondarylata (previous researches drsurveys analysis). Moreovegualitative datawas
needed to build the cognitive maps and quantify thelimen relationships within the modéfor
instance, peer influenc&) set up thestock and flow (SFD¥tructure and run th8D model A set
of interviews was conducted with Richardsor(2014)and E.Johnsor{(2015)
Among sources of quantitative data in this case necessary to highlight: statistical time
series data and graphs (health care reports), specific reports, a set of existing SD models (equations

part),andassumptions made in the simitanoking behaviomodels (case study).

All the data collected creed severaltypes officollaborative knowledge(Saunders, 2012)
explanatory (which factors influence the smoking behavior), evaluative (what is the effectiveness of
existing antitobacco policies) and prescriptive (what kind of policies would ampiitistabacco
effect in dealing with identified factors).

1.8 Research process

The preliminary planning of research activities atlde research proposal weggelivered
during the course of Research Methodology taken at Radboud University in Nijntégen,
Netherlands in Septemb@anuary 2014 Preliminary literature overview related to the main
problem wagarried out during the same period

The ®nceptualizatiorstageincludedmodeling a causal structuof the issuavithin tight
model boundaries, @htification of main stocks, flowsand parametergnd analysis of feedback
loops. The firsdraft of the preliminary modeVas tested in terms of different-going antitobacco
policies The modelwas deliveredat the enbf GEOSD3 08 #APol i cy design ar
courseatUiB in February 2015

Anotherpart of the modeling procesgasaccomplishecit UND during April-July, 2015 It
wasmainly based a the issue oNDL, quantitative estimatioof parameterandsimulations The
sensitivity analysis of driving forcesascombined vith identifyingleverage points.

Finally, the most challenging part of the research th@scomprehensivanalysis ofmodel
behavior and mael validation tests (structural anoehavioal). Particularly challenging was
producingcredible results and conclusions concerning the hypothesis.

The research pross wasaligned with interim repoting to the supervisorsfollowing
discussions with the main stakeholder.

This chapter provided an overviest the phenomenon of smoking in the USA and North
Dakota particularly, pointing out the distinctive features of smokeglbpment and current trends
amongadults and adolescents. In section 1.4 the main problem wa#igenSections 1.9.9
described research objectives and research questions, a comprehensive overview of the modeling
initiatives and methodology chosen for the current research.
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Chapter 2. Model Description

2.1 Model Overview

This partprovides &ighly aggregated overview of the steakdflow model

Smoki ngg mul tAd det er (BRN2019 with & Iplarality ofpathways It is
detemi ned by At hevarownstrigkramdgtoa t t b n e(SRH 20t4t Axaorsling to
Forrester (1961) smoking development can be characterizedaasultiioop, multistate,and
nonlinear feedback system. All of this makes the development of smoking behaviocowgiegx.

The SD modeling approach can be beneficial in this case. lideamethodologythat
helps to formulate aynamichypothesis, portrayt within the causaktructure and identify the
driving forces in terms of major feedback loops.

The general view of the SD models described in section 1.6 includes the basic
developmental epidemic structure. Usually it consistseferalstages that represent different
levelsoftheper sondés involvement i n s mokirem$Dsthuguneav i or
containssuch a stage modelSR, 1994 provided in Figure 2.1Having analyzedhe existing
variants of the stage modékhose th@nesuggestedh (CDC, 2002)hatis bettersuitedfor testing
initial assumptions.Moreover | extended the structure to the additional stage of former
experimenters according to Gilpi@ilpin, 1999)

Cessation
Fatz
T . Cousrrent 3 !
MNewverSmokes 3 f}!"af""'arh" Smokers ExSmokers
—J O] O —
Initistion Progression
Rate Rate Relapsa
Fat=

RelToExp QuitExp
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Farmer
Experimenters

=l

Figure 2.1 The stage model of sking development

The target grop that has been observed in this thesis incladetescents, aged -1IB, split
into two subgroups of middle school {5-8" grade) and high school {912" grade) students.
These two focus subroups are organized within an array in the model. They comprise the stocks
representing different smoking modes. The transitioneden themare modeled as flow rates
(initiation (IR), progression (PR), cessation (C&)drelapse (RR)) thateedto be controlled. The
auxiliary variables (factors) dasbed in section 1.2 affecertain flows.They are represented eithe
separately or groupeshto modules $moking in adults, secortthnd smokingyrisk perception
NDL, alternative tobacganarketing with acertain level of detail

As it is stated in section 1.2., the target variglle thiscase include the prevalence of
smoking (the fraction of current smokers), the appropriate values of the stocks, the level of
perception of health consequencasd parental smoking. Moreover the target model elements
include NDL. All of these variables@endogenous within the model structure.
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The scope of the model is focused on the existing data in North Dakoweever the
universal language of SD will easily allow reformulating the modedry similarcases in other
regionswithin the USAIf necesary.

The time scale for simulation is 19214 (replication of reference mode) and 2Q032
(forecasting) years. The time horizon allows exploringabershootand collapse behavior in 1992
2001 years, and the perspective for reaching the HealthydPeljeictivegHP, 2020)

The core tobacco behavior is related to smoking of conventional cigarettes, but the research
also provides insights regarding the alternative tobacco patterns.

2.2 Model Assumptions

The model hypothesis is based on the set of assumptions grounded in theory and practice. It
determines the structure of the model, its boundaries and all interrelations between the variables.
This sectionprovidesa more detailed discussion of the fundama¢ideason which the research is
based as well amrgumens supporting themgnd poéntial consequences of their use¢he model.

The main sources of knowledge for conceptualization include a comprehensive literature
overview, reports, interviews at@nchmarkingamongsimilar SD models.

2.2.1 The Stage Model

The stage model (Figure 2.1) captures potential pathways of smoking development. It starts
from nonsmokers andjoes along the chain, progressing in smoking experiehle. first puff
determines the initiation and brings the person to experimenters (smoked during last 30 days, but
without an experience of 100 cigarettes in lifetime). At this stagadolescent can progress to
current smokers (with an experiencenabrethan100 cigarettes) or stop experimenting, and move
to former experimenters.Smokers are able to quémoking although not easily; similarly -ex
smokers can relapse tegular use of cigarettelf is not possible to move badkom smokergo
nonsmokersor experimenters as this represemtamnulative smoking experiencgshown as
uniflows within the structurg

The initial values forthe stocks are calculated basmu the epidemiologic measures for
middle school and high school students in North Dakota in 1992. The sum thleatages
determines the total population of adolescents. The fraction of smokers is calcufatkxivas

Current_Smokers/TotAdoPop

fAdolescence represerd time of heightened vulnerability for both the initiation of tobacco
use and the development of nicotine dependerf&&® 2012). According to section 1.2 the
susceptibility ratio and social factors are assumed tbdxggeterminants of IR. Perception of health
risks, secondhand smoking, quitting attempts, price and NDL affect PR, CR and RR.

2.2.2 Maturing Dynamics
The number of people within ¢hstocksis influenced bymatuing processes. There are a
few places within the model capturing thelsmamics
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- Fromprimary schooto middle school students
The graduatesof primary schod are assumed to b&n input to norsmokers among
middle school students as they have hadd smoking experiencget The number of
people entering thstockof nonsmokerss calculated as a replacement of students who
matured to high schoaindrelative growth in thig€ohort during the year;
- From middle schal to high school students
It is assumed that in 4 years the cohort of middle school students
becomes high school students. So, there is a transition from
middle school to high school students within the array at all
stages respectively (for instance, théflow from middle school
nonsmokers is equal to the inflow to high school 1somokers _--+" % *%

T
MeverSmaoked

Time To

asit is shown on Figure.2); Mature

Figure 2.2An example of the maturing structure
- From high school students to adults

Similarly to middle school students, is assumedhat in 4 years the cohort of high
school students becomes adults, providing the input frorstigee modelo the certain
module of Smoking in Adults.

The death rate was eliminated from the bounda®eg 5 not significants in adul. The

net change in adescent population is calculated basinglo® growth rate that is kept exogenous.

2.2.3 SmokingRelated Mortality in Adults
The health consequences of smokingadibed in section 1.2 lead pvemature deatflhe

surveillance system of Smoki#gtributable Mortality, Morbidity, and Economic Costs
(SAMMEC) providescertain evidencenthe potential mortality risks related to smoking.

It was found thathe experience gained smoking increases th@eath ratefor smokers
comparedo nonsmokers by the relative coefficient (relative risk). In case of current smokers, the
value of this coefficient depends on the intensity of smoking. In case of former smokers, the
coefficient is correlated with thege ofquitting smoking (Figure 2.3).

4 49
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smokers

b

Relative risk (95% CI)
L33
Relative risk (95% CI)
e

smokers

T T 1
0 85 153 228 22 20 30 49
Cigarettes/day Former smokers, by age at stopping

Figure 2.3 Relative coefficient for athuse mortality among current smokers (left graph) and
former smokers (righgraph) versus nesmokers, adated from the 201%urgeon Report
| assume the relativeoefficientfor currentsmokers is 2.{the median in Figure 2.3jor

former smoker$ 1.2.
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2.2.4Social Factors

As it is stated above there are different social factors that affectfltdw rates.
Understanding that thefie i t her reinforce or interrupt pro
crucial for intervention into smoking behavi@R 2012. Those factorsan be classified according
to Sussmarf2008) asultimate (presmoking culture), distal (social and physical environments), or
proximal domains (perception of health risks).

It is assumed that ultimate and distal domains form the social pressure wétmottel and
affect IR and PR. Theocial pressureombines three substantiafluences from peer community,
families, andmedia that artificially amplifghe presmoking culture. The social pressure represents
the variable with range from 0 to 1 (absolute-pnaoking culture).

Theevdece is sufficient to conclude that the
social infle nces and t(SRe201D as ittwiasadiscussadoin section 1.2. For instance,
studies comparing schools with high versus | o

with a relatively high smoking rate increases susceptibility to smoking among nonsmoking
s t u d @&eatherdale, 2006)hus, the fraction of smokeissconnected tsocial pressure.

Smokers among parents also have a social impactheir children, representing the
smoking as a nor Rareval $nmoking haa beénaconisistently asBociated with
smoking initiation in off spri(8eya 20a2thooggh direct i 0 n
(permissiveness towards smoking) and indirect (positive attitudes towards smoking) inflliéeces
parental smoking variable represents the probability that at least one parent within the family is a
current smoker. The formula for calculationsisbasetheBay es 6 t heor e m.

At the same time, studi€SR, 1999 find that parental smokg is less influential compared
to peer pressure. In terms of relative coefficients it can be represented as 1 (parental smoking
influence) to 2 (peer pressure influence).

The other componentof social pressurés related to promotion of the smoking habit in

medi a, movi es, and other entertainment . The
appeal, popul ari t vy (SR,A2%Y &he evidenceds sufficientito doreclade that 6
t her e i s latibashipbetweem depictioas of smoking in the movies and the initiation of

smoki ng among (SR aaidh Fhispventuphl amplifies a presmoking environment.
It was found thatonethird of experimentation with smoking by adolescents is attributable to
tobacco advertisingThus, the tobacco in media amplifier was conceptualized as a value of 1.5.

Soci al factors ar e taliikklewleyel dr earlybt@acdo agey whilei n f |
intrapersonal factors tend to be strong predictors of later and higher levels of use, when addiction to
ni cotine i s mor(®ussnany2008)gl y involvedo

2.2.5SecondHand Smoking

Exposure to environmental tobacco smdkat has been exhaled by tbmokeris known as
seconehand smoking. There is enoughidence to assume the causal relationship between second
hand smoking and negatitealth consequencéSR 2012 such as respiratory effecsd nicotine
addiction Around 40% of norsmokersareexposed to these adverse effé&R, 2014.
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Usually secondhand smoking occurs in a family wherrgats or other members smoke, in
the pee community or accidently ipublic places. In all cases the percentage of seband
smokers among nesmokers depends on the contact rate with smokers.
According to thesurvey(SHS, 2014 it is assumed that 40% of families where at least one
parent smokeproduce exposure the seconéhand smoking. At the same time the contact rate for
the peer interaction changed 20092010 aftertheimplementation of clean air laws by a majority
of states within the USAN 2011 it wa assumed to be #ie level of 0.8 (compareid 1 before
2009). Moreover, itwas found hat t he percentage of young peo
people who smoke is approximately 3%36hnston, 2015)
Exposure to secorAdand smokig affects directly the NDL arglisceptibility ratio.

2.2.6Perceptionof health consequences
One of the factors that motivat@dolescents to progression in smoking is related to the
perception of negative health consequences. The level of awareness known as proximal domain

(Sussman, 2008ffects the susceptibility to smoke. In general, the delay between smoking patterns
and occurrence of smokisrglated diseases makes adolescents less likely than adults to care about
their lives.This is manifested in lovevels of perceived health risks

On the one hand, information campaigns and educational programs at schoolsikesl fam
help to raise awareness of smoking issues, thus increti@nuerceptiorby adolescents. There is
adjusting time to perceive the new information that is assumed as 6 months. The level of perception
ranges from O (no one is aware) to 1 (everyone is aware).

On the other hand, the perception can be decremsadesultof forgeting. For instance,
new generations of adolescents are growingamal theyhave to be informed and educated. In 8
years the current adolescents Wwi#icompletely replaak by otherslIf any ofthetobacco awareness
programsstopor receivelessfunding for that period of time, the new cohort would become much
more susceptible to smoking. T h i (3ohndtoa,a2014)y e i
characterizingte process of fg@aestora20i5p nal forgettingo

This concept of perception was used by A. Zagonel to explain the sddetstle of
cigarette smokingn the period of 190@100 in the USA.The SD model waslevelopedfor this
particular purposeT he anal ysi s indicated that @Athe soci
and gradual p has ¢agorfel, 2012si ng awarenesso

Contrary to those findingshe MTF reporshows a steady increase in the level of awareness
among high school studerggce 1975Figure 2.4) But the risks of a potential declinethe future
hypothesized by A. Zagonel ageowing as well

According to thesurvey(Johnston, 2015Yhe perception of health consequenegesson the
level of 85% for high school students and 60% for middle school students in 2014. But is it
hypotheticallypossible to reach 100% of awareness in the fufakesting the same amount of
money into the information and educational programs? There is always amesisffect. Thus,
people whado not perceive health riskgll becomemore resistantto nf or mat i on del i v
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why the policy makers should either find more sophisticated ways to approach this category
adolescents or invest additional funid® ant-tobacco campaigns.
The dynamics of perception aftedhe susceptibility ratio, CRnd RR.

EILE

Percent

Believe smoking is a
serlous health risk

=« Ever smoked

T T — T T — T T T . 1
1975 1550 14985 1540 1945 Kl (11} s 2000
Year

Figure 2.4 Trends in the percentage of high schoolestisdwho believe that smoking represents

serious health risk andthe percentage of high school students who have ever smoked; MTF 1975
2010; the USAJohnston, 2015)

2.2.7Marketing
Tobaccobusiness uses different marketing techniques to increales andgain market

share.t hasconsistently denied thés efforts affect smoking behavior oflalescents. At the same
time evidencgNDSCPPRT 2008)demonstratethatover the last decadeh e i ndustr yds
acti t i es have been fda Kk el totakecup mhacco, keeping sorde usegs y ¢
from quitting, and achievn g gr eat er consumption among users
According to the Tobacco Master Settlement Agreer(E®@8)the direct advertisement of
tobacco products is not allowed, but the companies still actively approach the potesttadars,
including adolescentby influence their biology (or personality), social situatioand cultiral
environment (appendix)ISR 2013. In this casethe availability of cigarette@erceptional and
physical)is consideed as the environmental factaffecting smoking bhavior.
Youth remain influenced by advertising and promotional efforts that can be considered
under 4 fAPso: P r o, dnd dPtagemeR{Cummiags, 2002)I6 tmeo featuces of
Product have been already discussed in section 1.2 #re more details related to Price and
Promotion.

Price effect

The cigarettes price is a significant determinant of tobacco supply and demand. It comprises
of the wholesale price, federal, state and lealisetaxes, and sales tax. The tax rates are the
subject of the tax regulation (section 1.2).

The USmarket fa tobacco products was considered highly concentrated, with little price
competition. But in recent years, the praiscounting has become a key marketing strategy in the
tobacco industry as an intention to com@teshe increasing pressuretates.

Some researchers believé@R, 2014 that because of the adtie properties of nicotine,
tobacco demand might be inelastic to the price. Contrary to this, ausmmeconometric studies
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have confirmed that an inverse relationship indeed exists between the prices of cigarettes and their
consumptionSR, 2019. For instance, ChaloupKa999)states that a 10% increase e ttigarette

price will result in a B5% reduction in consumption. At the same time, Katz(28@07)argues that

the total price elasticity for cigarette demand among adolescanges from0.556 to-0.857;
DeCicca(2008) found that it can be measurewrh -0.59 t0-0.79. It is suggestedhat the actual

price elasticity is characterized withe nortlinear relationship depending on the prevalence in
smoking and rangeffom -0.5 t0-0.8.

Several recent studies also examined the impact of pri¢kednitiation and cessationf
smokingamong adolescents. For example, Cawi804)found that the price elasticity of initiation
can be represented ds12. At the same time Rog005)estimated the price elasticity of cessation
as a range from 0.3 to 0.Bhese vhues are taken for the SD model as well.

As a justification for tlke findings related to the price elasticityf,is possible to compare how
the average price of cigarettes has changed thnedast two decadewith the similar patterns of
prevalence in smoking among adolescents in the USA (Figure 2.5).

At the same time Figure 2.5 shows hihw prevalence of smoig has continued to decline
between 2002 and 2007, despite the steady development of cigarettedpringsthat period.
Moreover, the significant increase in the federalitam 2009 doesndét seem to
effect on the smoking behavior. This requires observing additional factors as well.
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Figure 2.5Average cigarette prices and prevalence among adolescents by grade, the USA,
1991-2011(Orzechowski, 2011)

It was found thathe increasén cigarette pricesffects not only the consumptigrbut also
the average number of cigaretssoked by smokem@ndtheregularity of smoking witlanaverage
elasticity of-0.52 (Tauras, 2005)At some point the continuousecrease in cigarettes availability
canalso makeanadverse effect, as adolescents are considered askisk.A desire to obtain the

Aforbidden fruit othemtakeepbxperimenngwith snwkirng.i on f or
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There is some evidence that ttigaretteindustry uses its pricing promotion strategies to
respond to tobacco control efforts other than tax increases. For example, in states wiéh stade
and local tobacco control policie&the increased advertising partially offsets the effects of the
higher prices, increagy cigarette consumption by 2.7 to 4.7%, and hence blunting the effects of the
price increase by 357%0 (Keeler, 2002)Similar characteristic isbserved in North Dakota.

Promotion and distribution

The evidence i s suf fi ci e mdusaltradatiorshopn leetweed et
advertising and prommnal efforts of the tobacco companies and theaithon and progression of
tobacco use aneRn2§01).aThe dcteiad @batsnof tsbacco advertising on tobacco
use have beedescribed irreports of the Surgeon Gene(a8R, 2014 and NCI monograpk2008)

The advertisingnfluence onaddescents is complex and dynamicwasconceptualized according
to existing theories of health behaviappendix 3.

Almost 30% oft he t obacco c oigrspenton raaskétingrefovtsenn2008,
tobacco comanies spent $9.94 billion anarketing of cigarettewhichis 48% hgher thann 1998,
the yeaithe Master 8ttlement Agreementas signedSR 2012.

Expenditures on price discounts accounted nearly thredourths of total expenditures
comparedto traditional marketingwith less than 2%ef total spending SR, 2014. They mainly
cover price discounts, coupons, bonus cigarettes, public entertainment (for adults).

Advertising, promotion, and smoking in moviésescribed in section 2.2.4)l directly
influence distalevel factors(SR, 2014, such as exposure to other smokers, peer attitudes, cultural
pradices, and beliefs about smoking consequenciss, suseptibility can be increased d®a
function of receptivity to promotional itegSR, 20129. Pierce (1998) estimated that, 34% of
experimentation wh smoking by adolescents cha attributed to tobacco marketing

Theretail sales of cigarettes are prohibited to minors by the federalHamily Act, 2009.

But in fact, the compliace to this restriction iseported at the level of0P6. Moreover, the surveys
(TRBHSS, 2011) show that shopsugually the gas statiog) remain one of the main sources of
cigarettes for adolescents.

2.2.8 Nicotine Dependence Level

Empirical evidencedemonstrates hat t here i s fia causal rel a
addi cti on ($Rp2013 iTdats,tekpernéntation, and conversion to regular smoking,
develops nicotindolerance At the same time, as itsistated in section 1.2, NDL is one of the
factorsthat reinforcehe use of tobacco products.

NDL is affected by thelesiredblood nicotine concentration (BNQhe level of depression
and secondhand smoking. NDLlvaries atall stages of smoking development. Even -sarokers
can be initially addicted because of paremtélluence and other environmental factofdDL is
measurd by NDSS scale ranging from 1 to 4.

Usually BNC is perceived bgmokersdifferently comparedo its actual level in blood
(similar to alcohol model@Voxnes, 2009h)) because ahe delays within an organism. Nicotine is
supplied immediately to the bloodstream after the first puff (intake),israiminated during
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metabolism processeshich introduces delay. The tim@aecessaryo metabolize nicotine differs
among tobeco products and NRT (appendix #ut for the purpose of this research itaissumed to
have a haHife of 2 hours(Benowitz, 2009)

The averageigarette in the USAontairs 1mg of nicotine(DiFranza, 2005}hat actually
enters the bodyA concentrationn the bodyfrom 50mgkg to 100mg/kg is considereth overdose
for ahumanorganism that can lead tieath(SR, 2014. Thereforethis certainlimit is incorporated
within the model, restricting the adverse effeaft¢his factor

The continuousincrease iNBNC updats the desired level of BNC, whicthangesthe
smoking behavior and fluencesthe frequency (number of days in a month) ahe intensity
(number of cigarettes per day) of smokiftgaffectsthe overall nicotine intakdn case of quitting
smoking, for instance, witthe Cold Turkey methodSR, 2014, it is assumed that in-3 months
the exsmoker carsignificantlydecrease NDI(DiFranza, 2005and recover from the addiction.

Smoking frequency can also be affected by the perception of cigaaettiability, the
contact ratewith a peer community, available tobacco flavors (especially in case of adolescents)
and NDL. According to the latest findings of 8elya(2013)it is hypothesized thahe quantity of
smokingfis a stronger predictor of increased regularigy the stag of experimentation, while
NDL dominates when srking is more regular (Figure 2.6This idea is reflected ithe nontlinear
functions within the model
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Figure 2.6Time-varying effect of NDSS ondoblescensmoking regularity, ASelya, 2013
Thus, NDL correhtes with frequency of smokiragit is shown on Figure 2.8.

Percentage by Smoke =15 First cigarette within =~ Nicotine Dependence
category cigarettes per day® 30 minutes of waking  Syndrome Scale
% (95% CT) % (95% CI) % (95% CI) Mean % (95% CI)
Overall 100,10 5.5 (4.9-6.1) 207 (284-31.1) 2.29 (2.27-2.30)
Number of days smoked in past month
<10 7.1 (45.7-484)  L0(0.7-15) 12.1 (10.7-13.6) 1.95 {1.94-1.97)
10-19 14.6 (13.6-156)  2.1(1.3-3.3) 184 (15.9-21.3) 217 (213-2.20)
20-20 147{12.7-157)  3.1{2.2-4.4) 304 (27.4-33.T) 244 (2 AD-2A4T)
30 AT (226248 15.0(1509-202) 65.2 (B2.6-67.7) 2.02 (2.80-205)

Figure 2.7Indicators of cigarette smoking and NDL among 1@ 17yearsolds current
smokers; NSDUH, 2002010; the USA
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At the same timemsoking frequencyhas aneffect on smoking intensity, increasing the

number of cigarettes smoked pkty (Figure 2.8

<1 cigarette 1 cigarette 2-5 cigarettes  6-10 cigarettes 11-20 cigarettes =20 cigarettes
smoked per day  smoked per day  smoked per day  smoked per day  smoked per day  smoked per day
Number of days % (95% CI) B (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI)
1-2 522 (48.2-562) 31.9(2R5-355) 14.4(120-172) 1.3(05-29) 0. 0.3 (0.1-1.0)
35 226 (17.7-285) 338(27.1414) 405 (35.2-460) 2.3 (L1-5.0 0.4 {0.1-2.1) 0.3 (0.0-2.4)
] 17.6 (12.0-25.2) 233 (17.8-20.8) 522 (439-60.4) 6.0(3.2-11.0) 0.8 (0.1-4.8) 0.1 (0.0-0.4)
10-19 6.8 (4.5-10.2) 214 (16.3-275) 628 (55.6-60.5) 7.8 (5.1-1L7) 1.2 (0.5-3.1) 0.0
20-20 0.5 {0.1-2.1) 8.0 {4.8-15.8) Th5 (6RE-E2E) 125(B3-18.6) 15(0.5-4.5) 0.0
All 30 0.3 (0.1-1.3) 3.8 (24-6.0) 358 (32.1-39.7) 341 (30.1-384) 153 (12.5-18.1) 10.7(7.4-153)
All current smokers 2000 (18.4-21.8) 20,1 (183-22.0) 393 (3724150 128(11.1-14.8) A.7(3.8-57) 112242)

Figure 2.8Percentage distribution of smoking intensity among high school students, by
number of cigarettes smoked per day during 30 days preceding the survey;, 28BS the USA

Adolescentghat experiencesymptoms of depression are at higher risk of starting to smoke
than nondepressed adolescenEor instance, high school students with depressive disorders are
substantially more likely (28.3%p smoke cigartes and become nicotine depemnidéen North
Dakota(Muus, 2012than persons without disorders (16.0%). Thus, the level of depression affects
NDL. It is associated with smoking behavidhough inconsistently, and is strongly associated with
unsuccessful cessation atten{fislya, 2013)

At the same time, it wadbelievedthat the nicotine helps talleviate the depression
symptoms.In contrast, some studig€&soodman, 2000kuggest that current smoking predicts
depressive symptoms. Nalepressed nonsmokers among adolescents are more likely to become
depressed if they started smokingis obvious that dditional evidence is needed to justify the
relationship between mentatalth and developmental disorders and smoking.

There is a suggestive evidence that NDL appear to be heritable, and parental smoking may
partially influence offspring smoking of adolescents through NBérgusson, 1998 hus, it was
found that parental smoking correlates with NDL amongsmnokers throgh exposure to second
hand smokingSelya, 2012)

NDL influencesthe susceptibility ratio, progression, cessation and relapse flow rates

2.2.9 Alternativenicotine delivery

Adolescence is a time of change and expertatem. Adolescents may be expeénting
with different tobacco products as well as trying alcohol and other diigsefore, the use of
multiple nicotine delivery systems asdbsequengmoking development is prevalent among youth
According to Figure 2.9ess than half of high school tobacco users reported using a single product.
The statistics of tobacco use gyade is provided in appendix Because young peop#ssociate
the use of one form of tobacco withe use of other tobacco products, it is particularly important to
monitor all forms dtobacco use in this age gro(R, 2012.

30



Multiple tobacco products : Single tobacco products

16.4%

9.6%
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[J Cigarettes only

B Smokeless tobacco anly

- Cigars only

. Cigarettes + smokeless only

Smokeless + ¢igars only

. Cigarettes + smokeless + cigars

Figure 2.9Preva|encé of current use of multiple tobacco products among high school

students; YRBS 2009; the USA

At the same timethe use of smkeless tobacco,-eigarettes, theinlternatives, and NRT
also make their contribution to the intake of nicotine. Thins,use of multiple tobacco products
may reinforce addiction, as well as lead to greater health prof&Rn2012.

The nicotine intake absorbed into blood during the smoking session is different for tobacco
products.Therefore it was assumed thaicotine intakevaries in the range from 0.5 to 2 mg after

such sessioMRT waseliminated from theesearch ai is not so significant athis age.

E-cigarettes

According to section 1,2e-cigarettes are becoming popular among adoleséentorth
Dakota In 2014, ecigarettes were the most commonly used tobacco predoaing middle (3.9%)
and high (13.4%) school studegf@®hnston, 2015)The availability of flavors affects the frequency
and intensity of smoking. The sigh design and relatively easyccessibility influence the
susceptibilityto initiation. E-cigarettesalso deliver nicotine to bloodstream from 0.5 to 1 mg per

one session, arabs a resulaffectBNC andNDL.

There are different pros and cons of usinggarettesand its potentiatonsequences stated
in section 1.2But the following feedbacks are still ambiguous. To avoid the overconfidence in any
of them, | hypothsized two possible scenariostbé effect of ecigarettes on smoking conventional

tobacco This represents potential hopes and fears of stakeholders.

Optimistic scenario

Relying on the arguentsof supporters, -eigarettesare generally found to be lower in
toxicants than traditional tobacco. Thus, they cdaridg potentialharm reductionsand help quit
smokingconventional cigarette$t is assumed that526 of current smokers that experiment with e
cigarettes will eventually quiOn the other hand;@&garettes can help to cut down the intensity of

smoking cigarettes by 20%.

Pessimisticscenario

According to opponents of-@i gar ett es,
cigarettes might also be at

Apeopl e

ri

s k

for

who -initi
sUSRs eque

2014. For instance, 14.6% dhose adolescents, who had tried both cigarettes and smokeless
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tobacco, started experimenting wittsmokeless tobacco firsind then switched to cigarettes
(Johnston, 2015)n 2012 it was found that amomgiddle schoolstuden who haveeverusede-
cigarettes20.3% reported never smoking conventional cigaretféss number constitute8.9%

(SR, 2014 among high school userAccording toFremming(2014) fistudents in North Dakota
whohavetriedec i garettes are al most t wi ce |assumédithkte | vy
10% of thosewill initiate smding cigarettes in ongear. Moreover, the current advertisement-of e
cigarettes can revive thgeneral smoking habit and make effect on social pressure of
conventional cigarettes.

Recently the research conducted byDalaimy (2015) showed thasmokes who used e
cigarettes were 59%ess likely to quit smoking compared to those smokers who never used e
cigarettes. Thisinding is also incorporated ithe pessimistic scenario.

The future growth in igarette consumptiodepends on the evidence of negative health
consequences and atwbacco regulations applied in this sector of tobacco market. But so far a lag
in the perception by adolescents of true health risfse-cigarettesand fAnai ve ent |
(Sterman, 2000kan still reinforce the pwalence insmoking among teenagers. For instance,
according to MTF reportJohnston, 2015) t he percentage of student s
using ecigarettes regularlyat 8th, 10th, and 12th grade®nstitutes14.5% 14.1%, and 14.2%
respectively. Ecigarettes have a lower perceived risk for regular use than any other drug in the
survey, including alcohol.

The actual health risks of this category of products will be strongly determined by how they
will be marketecand how they will be actually us¢g8R, 2014.

2.3 Model Structure

This section describes the model structtinat is based orthe model assumptions
formulated in section 2.2. The structural representatiaemodel hypothesigxplainshow the
system of smoking development works, and ppeblematic behaviooccurs

The detailed documentation of the model that includes equations, units of the parameters
and references to the sources of infation used for quantificatioms attached taAppendix6. The
IThink model with theappropriateguidelinescan be found in thanodel file The detailed
explanation of the structure is provided on ttweystelling layer ofthe model

As it is stated in section 2.1., the model structure includes the stage (Figgeé 2.1)and
several factors organizeither as separate parametergidhe modulesThe simplified view of the
generalSFDmodel structure is depicted Figure 2.10

The interrelations between the model parameters form several feedback loops thidwedrive
model behavior. The most substanteddbacks argeneralized in section 2.4.
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Figure 2.10The simplified view of the model structure, IThink software

Smoking in Adults module
This sectorprimarily generates the number of smokers in adults, provittiegutput for

calculation of parental smoking.

The submodel of smoking development in aduliscorporates mar simplified structure
comparediot h e a d oinacaal. cTeeretare nly two main stocks: current smokers and ex
smokers. The maturi ng r a tflevsintd theappropribtestoekd. dHere s ¢ e
are transition flows in between, representing cessation and relapse flows.

It is assumedhat 3% of smokers initiate their habit in adul&R, 2013.

The relapse ratio iseated as exogenous in this cadee basic quitting ratictlfe fraction of
smokers who want to quiimoking) is equal to 0.55, and the relapse ratio 0.44 However,it is
found that only 4% of quitting attempts are success(B8IR, 2014. There is a price effect that
influences the cessation rate with an elasticaying from 0.3 to 0.9Ross, 2005)

There are two balancing effects from smokietated mortality and actual level of
prevalence in smoking among adults. The first causality shows the constraint in the reinforcing
nature of tobacco epatnics, when smoking leads to the increasing number of deaths and diseases.
The second causality shows the constraint in the success dblzatco policies, related to a
resistance effect of those adults who continue smoking.

There is also the idea of &éh risksperceptionincorporated into the structure of the sector.
Thus, it reflects findings used b&. Zagonel for explanation of the societal lifecycles of cigarette
smoking(Zagonel, 2012)
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Figure 2.11The structure of Smoking in Adults module

SecondHand Smoking module
This sector generates the fraction of secemand smokers among nsmokers in
adolescents. This variable servesrasinputto NDL sector The changes in the fraction aldteat

the susceptibility ratio.
NeverSmoked

Potantizl
AdoSecHSm
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Figure 2.12The structure oSecondHand Smoking module
As it is stated in sedh 2.2, seconttand smoking can be observed maimya peer
community and in &amily. It depends on the current trends in smokprgvalenceand the contact
ratesbetween smokers ambn-smokers.
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Risk Perceptionmodule

This sector generates the level of perception of health consequences by adolescents (middle
and high school students), that mainly affects theepiswlity ratio and motivateadolescentso
make a decision ogprogression in smoking
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RiskSmRelatedDisease
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SmRelatedDisease

RiskSmRelatedDisease
FromSecHandSm
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AmonghleverSm
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SmDisease
SecondHand

FractionNeverSmoked

Figure 2.13Thestructure of Risk Perception module

The perception of health consequences is represented as a stock acogrthdabverall
experience angberceived information. It can be depleted as a result of forgefimg.structure
contains tharray with adolesent age groups.

The atual growth rate of awareness is conceptualizedhasbasic growth ratéhat is
adjusted tssmoking relateanorbidity andthe effectsof social campaigng-or instance, irtase of
increasing prevalenda smoking,the subsequentise in smokingrelateddiseasewill amplify the
learning process araffectthe perceptiorf healthconsequence®©n the other handederal, state
or local antitobacco campaigncan simulate this learning practice as wel informational and
educatonal campaigns

The actual level of perception has resistance effecon the effectiveness of social
campaignslt means that after reaching some levetisk perceptionit is more difficultto deliver
informationto peoplwh o havenodt heplthniskseti ved t he

Nicotine Dependencd.evel (NDL) module

The most substantial sector within the model structure generates the actual NDL for
different stagesf smoking developmerand differenigroups of adolescents.

This sector represents thbehavioral (decisions on progression in smoking) and
physiological (actual level of nicotine in blood) sides of smoking development. It isefdan
behavioral patterns of a persaithin each developmental stage. This structure shows how smokers
progressn frequencyof smokingand NDL.

NDL is represented as a stock that is changing over timesanfluenced by the desired
level of BNC, the level of depression, and seebadd smoking
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Figure 2.14Thesimplified view of thestructure of NDL module

The desiredevel of BNC is updated btihe actualevel of BNC. This procesgcorporates
delay. The desired BN@ffects theNDL andthe frequency of smokings a resultFrequency and
intensity of smoking are used for calculation of the nicotine intake that is delivered into
bloodstream. Thisystemfeedback is described bySterman2000)as #Af |l oat i ng goal

During the modeling of this structure, flaced theproblem of multicollinearity that was
related tothe effectof three interdependent variables on NDLloser examination ofhe issue
helped to reformulate the previous misperception and avoid the doaloiing in the model.

Alternative TobaccoModule

This sector generates the additional nicotine intake into the bloodstream as a result of the use
of alternative tobacco products (smokeless tobacco, cigars, hookahs, etc.). In regard to the research
guestions formulated in section 1.6, the model is pdatiijufocused on the issue ofcgyarettes
and their potential influence on the use of conventional tobacco.

The Nicotine Intake from smokeless tobacco afuigarettes is calculated similarly to the
NDL sector. The main determinantsludethe fractionof current smokers (conventional tobacco)
who practice the multiple use of tobacco products, the quantity of smoking and an average nicotine
concentration per one session
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Figure 2.15The structure of Alternative Tobacco module

Marketing Module

One of the most influentiatiriving forces that amplify smoking ddepment during
adolescence is tobacco marketing. This sector generates the retail price per pack of cigarettes,
cigarettes consumption among adolescents and adults, marketing expenalitutesditional
advertisement and price discounts, and the tax revenue gained by North (Pakat 2.16.
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Figure 2.16The structure of marketing module
The total onsumption includes the cigarettes consumption by adults and adolescents, and by
nonregdents fom other states and countrieg)ere the price is much highetvran in ND. The total
sales are the basis for calculating the sales revenue gained by tobacco companies and the tax
revenue gained by ND.
According to Stewar{2006) it is assumed that 30% of incomsg sper on marketing
activitiesby tobacco companieMarketing isconceptualized as traditional advertisement and price
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discounting (bonus cigarettes, coupons, etc.). The amount of investments into traditional marketing
influencesthe tobacco in media amplifiefhe pice discounting campaigns offer free cigarettes to
consumers thatontributego the overallnicotine intake

2.4 Feedback Perspective

A feedback approach-oi ise ndti & d(Edreéerafty ROD7)gptois N e v ¢
incorporated in the regression models described in section 1.6. It assumes that decision and
solutions, causes and effects are interrelated and interdependent within the system boundaries. This
helps to havan endogenous focus of the problem.

Several substantial feedbacks were identified within the system of smoking development
described in sections 2-:2.3. The interrelations thaire parts othe feedback loopvithin the SFD
are painted in a red color withdastinctshape of an arrow.

A causal loop diagram (CLD) is a visualization tool of SD methodology that shows
feedback processes and helpsn a | yhe emainiiinterdependencies in rgalrld problem
s i t u a(Marexrofts 2007) Thus, it can be insightful in understanding the roots of endogenous

behavior produced within such structure.
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Figure 2.17A Causal Loop Diagram for development of smoking behavior

In this research te CLD is used for a simplification of the SFD, interpretationthaf
identified driving forcesand their communication to stakeholders. It tells the story of the system,
pointing out how certain behavior emerges.

In Figure 2.17sevenmajor feelback loops are depicted’he @idemiologic nature of
smokingincorporateseveralreinforcing loops (R) that intensify smokimgbitamong adolescents.
There are three of them that represent main factors (social, environmental and behavioral) that
cause lte increase in prevalence. Redback looshows the influence of peer pressurke nore
are thesmokers among@dolescentsthe more noasmokers initiate smoking to interact with their
friends.Similar logic works for parental smoking. R2 and Rfpresenhthe environmental feedback
loops driven by secondhand smoking. R3 describé®w nicotine addiction amplifies smoking
behavior.

Alternative
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There are two counteracting loops (C) that attenuate the driving forces described above. C1
shows how the nicotine intaldecreases depressio@2, in turn,is devoted to alternative tobacco
use that can potentially cut down the frequency of smoking. There are additional factorsteech as
retail price and risk perceptiorthat alleviatehe tobacco epidemic and smoking development.

The reinforcing and counteracting loops interact within the system. For instance, at the
beginning of tobacco epidensithe reinforcing drivers dominate. The awareness of health risks is
not high enough torpvent people from dangerous practice, and thetalpéicco policiesre notso
strong to deal with the emerging dynamics. All of this esum increase in prevalence of smoking,
similarly to what happened in the period of 18864 among adultsSimultareously health
consequences occuwausing thesmokingrelated diseases and deaths. This problematic behavior
accumulates thexperience and theapacity for fighting the smoking problem. The tax regulation,
informational campaignsnd other policy initiatives are reflected in counteracting loopssthait
dominatingwithin the system. It leads to a decrease in prevalence. At the samadimé&bacco
products agintroducedn the market, revivinghe dynamics described above.

There are other feedbacks within the system that are not represerigpina 2.17 For
instance, the resistance effecas described in section226. The idea incorporates the following
counteracting loop (C2) showed Figure 2.18

Smoking Related Anti-Tobaccc
Diseases Campaign
Effectivenes:

Risk
Perception
Fraction
Smokers
\ Susceptibility Resistance
Ratio Effect

Figure 2.18A Causal Loop Diagrarfor Risk Perception

fRnPeople responsible for strategy devel opme
mi nd partial a n (Worecrofty 2007) Antexample ofvniseinserstanding theal
systemby policy makerss presentedni Figure 2.19to the lef). It was found itheNor t h Dak ot
Strategic Plan to Prevent and Reduce Tobacco Use {208 that one of the goal includes
i ncreasing ANthe percentage of <current smoker s
65.1 percent i n 20050 brationdleuberend thi® dlatthe de&reaseoimr d i n
prevalence would stimulate thosdo continuesmoking to quit. In fact, it happenise other way
around(Johnston, 2015)Less resistant smokers quit first. But those who left are characterized as
more resistant to aAtobacco policies. This feature is repented as abanteracting loopn Figure
2.19(to the righj. The misperception characterizese fne®v emeiht ed wdo ril edge ne wo
ment al mapo. 't evol ves t ésabsdaquetpalicyiresistance turingo nt r
the implementation othe policies towards thosgoals. Such small finding can be helpful in
fosteridgofpdd whdyres, l989andlead t o a sho f ¢ n @oradroit,im d O
2007)for policy makers in the field. This idea is incorporated in the model structure.
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Figure 2.19A Shift of Mind on an example of Resistance to Ahtbacco Policies
Interactions between multiple reinforcing and counteracting loogsd nodinear
relationshipswithin the model structure create the uncertaintgrobking developmerthatcannot
be predicted mentally. Moreover, tiagtempts to do sean employ different heuristics and bias.
This actually explains the limitation of mental models and shortcomings of qualitative modeling
(Vennix, 1996) Referring to the initial research questions, the following quantitative SD simulation
is required forempiricaltesting of destbed assumptions at the following stage of the research.

This chapter described the mod®ypothesis within the stoekndflow structure The
supporting model assumptions provided an argumentatioallfeubstantial causalities related to
the problem behaviaind quantification of variables. Tlvausal loop diagraroreateghe basis for
understandinghe main driving forces within the systefiihe next chapter will discuss the results of
model simulatiosandwill test the model hypothesis
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Chapter 3. Model Behavior

This chapter provides an overview of the simulation results produced by the model structure
(discussed in Chapter Zimulation is used teevealsmoking development over time, to test initial
model hypothesis, and to analyze the resulting behavior. Each graph is supported by the appropriate
explanation and conclusions.

The control panel for simulation is placed on the interface layer of thekiThodel. It
contains sliders, switches and the taldé inputsthat allow accomplishing several tests sibgp
step. The respective informational guidelines are provided on the same page.

As it was stated in section 2.1, time horizon includesrétespective simulation in the
period of 1992014 and forecasting in the period of 2€X®2. The baseline includes thetiad
values of the stocks amdodel parameters in 1992.

3.1 Base Run: Explanatory Model 1992-2014
This section shows how the problematic behavior emergdteipast, anddiscussests

main symptomsTheinvestigation is focused on the comparative analysis of the resulting behavior
with the reference mode formulated in section THe analysis is suppted by the causal loop
argumentation relying on Figure 2.17

The behavior okeveral target variablas depictedin the simulation graphshe focus of
analysis is orthe fraction of smokers (middle schaoidhigh school studentsll adolescents) he
flow rates, parental smoking, NDL, frequency and intensity of smoking, perception of health risks,
andsecondhand smokingdescribed in section 1.2 and 2.2

Exogenous perspective
The first run is based on the initial values of the stage modetharalixiliary factors that
are takeras exogenousa(data sesind estimationfor the period of 1992014).

ﬂ 1: Fraction SmokersAllAdo 2: FractionSm AllAdoData
l:] 0,504
2:

| | 7 T

-1§2

2: 0,00
1992 1998 2003 2009 2014

Page 1 Y ears
? Actual Fraction of Current Smokers in Adolescents vs data, 1992-2014

Figure 3.1Thebase run: the fraction of smokers among adoles¢&nssmulation, 2 data)
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As it is shown inFigure 3.1the model is able toeplicate anincreae in the fraction of
smokers forthe period between 1992 and 1998, and tharsteady decline by 2014. Among the
driving forces that caused the escalation in smoking development are:

- social pressure (R1) as the result ofrareasan peer pressure and parental smoking, and
the effect of traditional marketing;

- anincrease in susceptibility of nesmokers to initiate smoking (R2);

- anincrease in exposure to secemahd smoking among nesmokers (R2).

These factors caused antrease in the initiation and the progression rates.

In 1998 the Settlement Tobacco Agreememats signed, that resulted bmming tobacco
advertisementand restrictions in cigarettes sales to minors. This action influenced the alleviation of
social pressure loop (R1) anddecrease in the perception of cigarettes availability. Simultaneously,
those changes motivated adolescentsetaeive thdealth risks related to smoking.

In 2006 aclean air policy was implemented in North Dakota. This regulgbiatibited
smoking in public areas. As a restlie actual contact rateetween smokensasdecreased by 30
35%, alleviating R3 loop.

However, the exogenous perspective doesnot
the system. This fact motites us to integrate the substantial modules to the stage model and
explore the resulting endogenous behavior.

Endogenous perspective

The next set of simulations incorporates integration oftheubstantiamodules thatreate
endogenous perspae of the model behavior. For this purposiee outputs from the appropriate
sectors are taken instead of data. This procedure is operationalized in several steps:

a) Intggration of all substantial modules

ﬂ 1: Fraction SmokersAllAdo 2: FractionSm AllAdoData
1:] 0,501
2:

/’_'\:1\2

1 ] 2

z o / \ 1&—1_3‘_‘
2&—

1:]
2: 0,00

1992 1998 2003 2009 2014
Page 1 Years

? Actual Fraction of Current Smokers in Adolescents vs data, 1992-2014
Figure 32 The base run: endogenous perspedtvaimulation, 2i data)
Figure 3.2represents the model behavior after integration of modules into one solid
structure. Compared to Figure 3e modeling results reflect the patterns of historical prevalence
in smoking, but with some deviations af2800. One of the explanations that can be found for this
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discrepancy relies on the price effects that @esideredas significant determinant of tobacco
regulationsHowever, the model in Figure 3.2 is inelastic to the price.

b) Implementation of thprice effects

ﬂ 1: Fraction SmokersAllAdo 2: FractionSm AllAdoData
1:] 0,501
2:

\-—"""\2

hl\
L 1H_“
1:]
2: 0,00
1992 1998 2003 2009 2014
Page 1 Years
? Actual Fraction of Current Smokers in Adolescents vs data, 1992-2014

Figure 3.3The base run: the price effddt simulation, 2I data)

The price influences the model behavior through the elasticity function described in details
in section 2.2.7. In this case the modeling behavior igagisantly changd (Figure 3.Bcompared
to the previous simulation. Analyzing the potential causes of the deviations portrayed in the
resultig graph, | compared the growith the retail prce of cigarettes to the growith an average
annualwage in North Dakota (Figurg.4). These observations motteal me to adjust the price to
theannual wage and explore the resulting behavior.

s 1: Growthin AnnualWage 2: GrowthIn PricePerPack
l:] 3,957
2:

~——,

pa 1’

1 e
2: 1 e 12 2
1992 1998 2004 2009 2015
Page 1 Years

? Growth in Annual Wages vs growth in Price per pack of cigarettes

Figure 3.4Comparison of the growth in annual wagg&ysto the growth in the pric)
c) The price adjustment to tlawerage annual wage in North Dakota

According to theesults portrayed in Figure 3.the initial hypothesis replicates the main
trends in smoking development close to the reference mode.
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ﬂ 1: Fraction SmokersAllAdo 2: FractionSm AllAdoData
1:] 0,501
2:

T

N ,
S’ ——2a
1:]
2: 0,00
1992 1998 2003 2009 2014
Page 1 Years
? Actual Fraction of Current Smokers in Adolescents vs data, 1992-2014

Figure 3.5Thebase run: model behavior after the price adjustrfiesimulation, 2 data)
As for other substantial parameters within the system, firgtlg possible to analyze the
impactsof marketing frategies on the NDL (Figure 3.6
% 1 NDL.NDL[Current Smokers, MiddleSchool] 2: NDL.NDL[Current Smokers, HighSchool]

%] 3,2551 \2
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/

1 2
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/-_'_‘_'ﬁ.-ll
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1:]
2: 2,213
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Page 1 Years
? Nicotine Dependence Level of Current Smokers, 1992-2014

Figure 3.6Nicotine Dependence Level among middle scl{@pand high school studen{)

After the ban on traditional advertisement was imposed®#8,1the marketing strategy of
the majority of tobacco companies switched to the price discounting (describedionse2.7).1t
is possible thathis change was made deliberately to keep the NDL high enough to prevent smokers
from quitting the habit. In 2009 tobacco companies started investing in advertisement of smokeless
tobaccoande i gar et t es tatead bhyFD&.eThus,rnhe tgraph ¢mud 3.6hows the
decrease in the NDL by that period.

At the same time, it is possible to noticethe simulation resultthe gradual decrease in
perception of cigarettes availability, frequency of smoking, and exptsweconehand smoking.
All of this alleviates R2 and R3 loops.

The income of tobacco companies has been growing since 1996 with drops in 2004 and
2009 due to the changes in the federal tobacco excise tax. prbéts areused by tobacco
companies to foster the development of new products that targeted the market. Smokeless tobacco,
cigars, ecigarettes and other nicotine delivery system expanded the smoking habit to multiple use
of tobacco widely practiced nowadays (Fig&.10). All of them contribute to the nicotine intake
that directly influences the NDL.
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3.2 Future Predictions

The 2014 Surgeon General Report states thmatdne | i ng i s wi dely usec
patterns of tobacco use, gi ven vVv(®&®R,2014 Sevesac en ar
existing tobacco control simulation models are focused on providing future perspectives on the
progress in quitting conventional tobacco use towards meeting the national health objectives.

For instance, the projections made by Men@£00) indicate that the prevalence aalult
smoking could be above thdealthy People 2020bjective of 12% even bynid-century, if the
current strategies are not changeéyure 3.7showshow the potentiaimprovements ircigarette
initiation and cessatiocan result in smoking prevaleniog 2050.

o Status quo: IR=21.6%, CR=2.41% in 2008
25—

» w a # 25% Improvement in initiation and cessation:
IR=162%, CR=3.01% by 2015

2% u om0 50% Improvement in initiation and cessation:

IR=10.8%, CR=3.62% by 2015

L)
Pl
-, eeRe
u
L TIT S

TS snarve
o, FasvesuEm
0% -] AT sESaead

Smoking prevalence (%)
>

A TR IR

2000 zos | a0l0 | 2ols | 20 202 2030 203 20w 200 2080
Year
Figure 3.7Predicted rate of smoking initiation and cessation foaddts, University of Michigan
Tobacco Prevalence and Health Effects M¢8&, 2014
Several whaif scenarios in the model of the societal lifecycle of cigarette smdkiggire
3.8) even show the potential risk tevivethe tobacco epidemic if the level of awareness is not fully

maintained and controlled.

40%
Prevalence
0y
30% Losefocus
20%

Baserun

Reduceinitiation
10%

Increase cessation

0%
1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2100
Year

Maintain awarenessl

Figure 3.8The four whatif scenarios of smoking development among adults in the USA,
created by A. Zagonel, 2011
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At the same time, there is a lackexfperiments related to prediction of smoking behavior in
adolescentsvhen the smoking habit occur3his particular section represents the forecast of
epidemiologic measures by 2032, attempting to cover the described gap. It is based on the initial
model hypothesis and current trends.

Figure 3.9eveas the future development of smoking behavior agnatolescentproduced
by the model simulationsThe graphshows that a decline in the fraction of smok&mvs down
after 2010 However, there is a slight increase203Q similarly to the pedictionsin Figure 3.7

ﬂ Fraction SmokersAllAdo: 1 -

1 0,175

1: 0
1992 2002 2012 2022 2032
Page 1 Y ears
'? Fraction of smokers in adolescents, 1992-2014

Figure 3.9Prediction of prevalence in smoking among adolescents by 2032
The Healthy People objectivearget 16% of prevalence in smoking among high school
studentsaand 12% among adults by 2@ It is well seen in Figure 3.1that itwill not be possible
to meet these goals if the system develops the same way. Therefore, the appropriate interventions
are required to continue the decline in the tobacco epidemic.

ﬂ 1: Fract i oné [2HiPOHeStvh2020Adp 3: Fraction SmokersAdu
1: 0,40+

N

2:
3:

o)

1\\\
z 0,20- e
3: T "]
=3
\-_“‘—‘—h?,«—«_ﬂ_‘_&
1:
2:
3:
0,00
1992 2002 2012 2022 2032
Page 1 Years
? Perspectives to meet HP 2020 goals by adults and high school students

Figure 3.10Comparison oémoking trends in adul{8) and adolescentd) with the HP 2020 goals

To sum up, in the lonterm perspective the possibility to get the next generation tobacco
free in North Dakota is ambiguous. The main reasons fomtigbt bei gener at i onal f
(Zagonel, 2012pf the true health consequences of smokitigg growing average annual wages in
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contrast to theinchanged state excise tanovative marketingmeasure®of tobacco companies
etc In all of these examples, the reinforcing loops still dominate the system.

The multiple use of tobacco can be cdesed as an additional threat that leads to uncertain
health consequences and potentially intensify the prevalence in smoking cigarettes.

3.3 E-cigarettes Scenarios 2015-2032

When referringthe initial research questions described in sectidnit is possible to test
how aboom in ecigarettes can potentially affect the system. Relying on the preliminary findings
and two scenaos developed in section 2.2.9, thedel underwerddditional simulations.

The optimisticscenario is based on the assummptihat ecigarettes are less harmful tha
conventional tobacco and, therelgre recommended tbe usal as an alternative to qtiitg

smoking.Contrary to his, the pessimisticscenario states thatcei gar et t e s

habitand even intesify smoking

ﬂ Fraction SmokersAllAdo: 1 -2 - 3 -

1:

1:

Page 1

0,35+
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?

2002
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2022 2032

Fraction of smokers among adolescents (11-18 age), comparative graph

Figure 3.11E-cigarettes scenarios: the fraction of smokers among adolescents
Relying on the assumptiorisrmulated above, Figure 3.khows three main trends in the
future development of smoking behavior. The first simulatjomrve #1)is the model run for

fbusi

ness

as

usual o

t hat scarvev#@represests the optiraistie

h

f o

scenario with the decline in the prevalence and stabilization in 2020. The cut down in the intensity

of smoking benefits the NDL(Figure 3.12), and alleviatesnicotine d@endence symptoms.

Moreover, thisoptimistic scenario makes possible to meet the Healthy People objective by 2020.
Thecurve #3is theresult of the pessimistic scenario that leads to the gradual increase in the

fractiono f

smoker s

among

adol escent sydchdngeenrthe AIDLL 5 .

(Figure 3.12, but increases the contact rate between smokers that potentially can amplify the
frequency of smoking.
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Figure 3.12E-cigarettes scenarios: the effect on NDL
(1-base run, 2 optimistic scenario, B pessimistic scenario)

This chapter provides the simulation tests of the initial model hypothesis in the historical
perspective. It analyzes the main factors that dgtdalve the model behavior within the feedback
system. According to the future trendsyitl not be possible to meet the Healthy People objectives
by 2020. These findings require the immediate-aoitacco intervention on the policy making level

in North Dakota.
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Chapter 4. Validation

4.1 General Overview of Model Validation

This chapterconsiderghe robustness of the model hypothesis and credibility of the results
gained during the simulations. For this purpose, a set of validation testesta@ipishedo check
how knowledge was obtained and confirmed

Stakeholders are interested in usefidights about the real system they are involved in.
Their future decisions have to be based on reliable and plausible information. Therefore, the results
of modeling should be carefully validated. Validity of any conclusions in a riadeld study are
Aicinatcly dependent on t(Badas, 199&) inaudirigyits strdcture énd mo
behavior(Morecroft, 2007) This is also theequirement for further policy design, analysis and
implementation.

Informal nodel validation took place atvery stage along the modeling process. The
development of model structure was accompanied with discussions with professor Selya and
professor Whda The preliminary model wastroduced toEric Johnson, the head of TEND, who
provided his expertise on the structural interrelations and gave a general feedback on the current
trends.The final simulation results were also preserand discussed witthe faculty members of
Master in Public Health program at UND. The substantial findings wemgpared to similar SD
case studies and modeling approachas. tBis type of validation can ndie entirely objective
(Barlas, 1996@s it might incorporate thauman bias, heuristics and certain level of subjectivity.

The formal validation procedure is described by Forrei8i74) Barlas (1996) and
Sterman2000) The selection of certain validation tests was basatemitial research objectives
andquestions The main criteria included the specifics of the system under consideration and data
available for analysis. Thus, this chapter provides an overview of several validattrding
behaviorpattern,directstructure,and structure@riented behawr tests.The validation procedure
follows the general logical orddFirst, theresulting behavior is compared to the reference mode in
order to identify if the model replicates the historical patterns of the problematic behavigraifthis
is the mostnteresting for thelients. Second, thealidity of the structurdasto be testedandonly
after the structure of the model is perceived adequate, start testing the behavior accuracy.

4.2 Behavior Pattern Tests
Thesetestsare servedo evaluate whether the behavior generated by the model corresponds

to the real systeniThe preliminary analysis is ammplished in section 3.2. It concludémat the
model is able to replicate the main tremprevalence in smoking among adolescefiserved in
the historical perspecti@&igure 3.5)

Additionally, 1 had an overview of other parts of the system in regard to replicate the
referencebehavior of other parameters. For instance, in case of the prevalemaekimg among
adults, Figure 4.Bhows how the resulting behavior reflects the actual changes in the fraction of
smokers over timdt is important to notice that the spike in 20lrve #2)caused by the changes
in the methodology of conducting survey$is makesit difficult to further compare the subsequent
data before and after 2011
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Figure 4.1Prevalence in smoking among adults: modeling results, actual data and HP objective
Moreover, f to simulate the model by 21(h order to replicate theme horizonusedby

Zagonel(2011) and Mendez (2000)), the resfgyure 4.2)show the relative risk of an increase in
prevalence irsmoking. Similarly to Figure 3.7 and Figure 3a8lecline in smoking among adults
slows down after 2030 and starts a m&sing cycle in the prevanceafter 2045 This trend might
berelated toa decrease in the level awareness (R2 loop) among adustgirowth in initiation to
smoking (Figure 2.11andagrowth in smoking among adolescers the same time, according to
Figure 4.2 the system @&ble to meet the HP objective only by 2039. These findings correspond to
the patternpresented in thstudiesmentionedabove,and validate thaitial assumptions.
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1:] 0,3=
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1992 2019 2046 2073 2100
Page 1 Years

? Simulated Fraction of Smokers in Adults; HP 2020 goal
Figure 4.2 Prediction of smoking development in adults by 2100
In case ofisk perception, Figure 4.8emonstates how the variablgenerated by the model

(1-2) corresponds tthe actual data (8). In general, the siulation results replicate thastorical
patterns with moderate level of accuratie deviations make up 28.6%. However the general
trend in both graphsndicates a steady increase in risk percepbear time Referringto the
resistance effect described in section 2.2, additional financial assistance is reqancs to keep
risk perception growing bgddressing antobacco programs towardsnokers wo do not believe
in theharmfulness of smoking
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Figure 4.3Risk Perception: simulation results vs data
If not time restrictions, additiondamily member testcould be potentially conducted for
other cases of smoking development in adolescents in other states or fdgiews/er, the similar
model structure can be tested in the caseaij@rette or other tobacco products.

4.3 Direct Structure Tests

Direct structure tests (or structure assessment t€Stsrman, 2000) incorporate the
evaluation of the modeitructure, comparing it to the available and discussed knowledge about the
real systemThere is no simulation involved.

The description of current smoking trends in section theliterature overview in section
1.6, andmainassumptions made in sext 2.1-2.3are the basis for this analysis.

As it was stated above, the w®® of smoking development has thigh lelel of complexity
with the plurality of tobacco productdactors of influence, developmental pathwayglved in
Thus, it is hard to replicate and mimic suefsoft systemHowever, the tests conducted in section
4.2 shows that it is possible to capture the general tr&ocbrding to J. Morecrof2007) this
structure would be classified as illustrative with plausible scaimtymoderate level of fidelity.

Boundary adequacy test

Boundary adequacy tests assess the appropriateness of the model boundary for the research
objective formulated in section 1.4. The model boundary determines which variables are treated
endogenously, which are treated exogenously, and whiclexaleded altogether (Figure 4.4
According to Stermarf2000) there is no neetb model the whole system of smokibghavior
instead lattempt to create model to solve a particular problem (high prevalence of smoking)
within that system. This motivated neefind a focus and create the boundaries.

As it was discussed in secti@r? and portrayed in Figure 4 #he target variables in the case
include tke prevalence of smoking (both in adolescents and adults), the appropriate values of the
stocks, particularly the flow rates and perception of health risks. Moreovegsia ctobjectives
requirefocusng on NDL. All of these variables agenerated asndogenous within the model
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Figure 4.4Model boundary chart
The system boundaries also consist of exogenous variables that are used as a data set or
constant parameters for simulation. There are variables relevant to the smoking development, but
not so significant either for the case of North Dakotdoorthe initial research interests. Such
parametersare excluded from the modeThe reasons for doing this includee scope of the
researchtheavailability of data, and possibility to quantify soft variables.

Structure-confirmation test

This test incorporateshe comparison of the model equatiomsed in the modeWith
knowledge in the literature and in the real system.

For i nstance, A q u expetimehtgrs amdng middle lsdhavlgstuderitsois
formulated within the model as:

Frequency_OfSmoking[Experimenters,MiddleSchool]*AveNumber_OfCigsPerDay[Experimenters,
MiddleSchool]/CigsPerPack*Months

Thus, frequency (days in a month) and intensity of smoldigarettes per day) make the
direct effect orthe quantity of smoking (packs per year). If any of these parameters increase, it will
lead to immediate changetime quantity of smoking.

Another example can be focused on one of the flows naithin the stage model the
initiation rate. It is determined liefollowing formula:

NeverSmoked*Susceptability RatswtialHfect_ OnIR

In fact, it is difficult to describe thgrocessof initiation to smokingwithin a social system
and to make an accurate numerical estimation of its valuethBugeneral idea incorporates a
certainlogic. Adolescents base their decision of whether to make the first paffigérette on the
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general perception of health riskad benefits of smoking. The lack pérceived consequences of
smokingor genetic influence makes some part of adolescgrgs to the idea of smoking in the
future which is reflectedn the susceptibility ratio. Howevenot all susceptible adolescentdlw
initiate smoking (SR, 20134. According to the surveyxonducted in 201QMTF), 19,9% of
adolescents aged 117 in the USA had never smoked, but were susceptible to starting to smoke
cigarettes. Thus, additional facs influence the susceptible rnemokers to try the cigarettes, and
social pressure is considered as one of the most important. The strongerttispeo culture, the
more norsmokers will make their first puff.

Similar consideration processes weppléed to dher equations within the model, including
progression, cessation and relapse ragasceptibility ratio, parental smoking, consumption of
cigarettes, and antobacco budgeting.

Parameter assessment test

This testconsiders whethezvery model parameter has a clear,-léalmeaning. It provides
aconfirmation of the numerical values with an appropriate accuracy.

There were a few ways how the parameters were verified. Some pieces of data for variables
were taken directly fromthei t er at ure or other fAfamily model
cigarette, price elasticity, time to forget the health risks, etc. Other exogenous parameters were part
of the relevant data sets taken frtime statistical reports and surveys: pricar pack, federal, local
and state taxes, etc. The relative coefficients for social pressure, for example, were discussed and
approved during the consultation with professor Selya. All parameters are provided with references
that areplaced in the informatin cell within the modsdile.

In SD validation however, there is very little use of statistical significance testing and SD
has often been criticized for thi€Sterman, 2000) As it is described in section 2.3, the
multicollinearity found in the structure oNDL module was the challenging issue on the stage of
formulating the hypothesis as it madea multiplicative effect on thelesired level of BNC
Therefore, the preliminary statistical data analysis can potentially give additional insights.

In general, the system of smoking development consists of many substantial soft variables
which are hard to estimate. The behavior of lsens, their decision processes and the perception of
health risks bring out complicated nbnear relationshipsAt the same time he quantification of
soft variables often yields important insight into the dynamics of a sy&&nman, 2000)For
instance the behavioral side of NDL development is one of them. Thelinearity within the
subsequent modulean be formulated basea guch toolsas content analysis, survesatistical
analysis and psychometrically validated measurement scélass, the notinear relationships, for
instance, between NDL and its effect on frequency of smoking were estimated based on the
regressioranalysis(Selya, 2013)

It is important to mention that during conceptualization of the baseline and estimation of
initial values for the stocks in 1992 | faced the lack of data. The benchmarking comparative analysis
was used for solving this problem. Thus, the epidemiologic measti®suth Dakota which are
geographically and socieconomically close tbID were adjusted to thease.

53



Direct extreme condition test

By this testl evaluate the validity of model equatiofiender extreme conditions, by
assessing the plausibility of the resulting values against the knowledge/anticipation of what would
happen under a si miBades, 1996 ndi tion in real 1ife

The formula for parental smoking can serve as an example:

(Fraction_SmokersAdu~2+2*Fraction_SmokersAduFfhction _SmokersAdu))*
ProbabilityBoth_ParentsinFamily+Fraction_SmokersAdufiobabilityBoth_ParentsinFamily)

This parameter shows the probability that at least one parent within a family smokes. It is
affected by the fraction of smokers among adults and the probability that both parents are in the
family of an adolescentt ranges from O to 1.

Let assume that the fraction of smokers is 1 (so, all adults smoke). In this case, the parental
smoking would r8ect this information, so it would equal 1 as well. Let assume that all families in
North Dakota have both parents, so the certain probability is 1. In this case, the parental smoking
would be equal to the fraction of smokers amodglta. This extreme & showghat the equation
is able to capture the changes within the system accurately.

Similar tests were accomplished faher equations within the model, including the most
important ones that describe the fraction of smokers, risk perception, the fraction of secondhand
smokers among nesmokers, the frequency simoking, total nicotine intake, total consumption.

Dimensianal consistency test

Dimensional consistency is one of the most basic validation tests. It incorporates the check if
all units of the parameters are consistent.

IThink softwareprovidesautomateddimensional analysis. FigureXshows thatall units
have reaWworld meaning and are consistent in the model equations.

Figure 45 The results of unit check te$think software
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