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Abstract

South Africa has since 1994 consistently and aggressivelyincreased excise tagastiesn order

to maintain a total tax burden adround 5846 of the average retail selling price. The tax rises have
translated into large increasés the inflationadjusted priceof cigarettes. For instance, theverage

real price per pack of cigarettes incssad by 110% between 1994 and 200#his paper uses a
transparent and datalriven technique, the Synthetic Control method, to evaluate the impact on
cigarette consumpt i-scale tabfcco®r indreasedeffimdithatgper sapitaar g e
cigaretteconsumption would nobhave continued declining in the absencelu consistent tax rises

that began in 1994. g cificallywefind that by 2004, per capita cigarette consumption was 36Reit

than itwould have been had the tax increases not occur@a treatment effect estimates survive a

series of placebo and robustness tests.



1. Introduction

South Africdhas since 1994ggressivelgnd consistently increasete excise tax on cigarettes so as
to meetand maintain a total tax burden (imeding Value Added Tax) of 5@8kthe average retall
selling price The target was met in 199'&and revised upwards to 52% in 200fhe tax risebave
translated into substantial increasasthe inflation-adjustedretail selling pricsof cigarettesFor
instance, he average real price per packadarettes increaseby 110% between 1994 an2004 and

by 19% if one extends the period to 2008ee Figure 1)[he increasén prices has coincided with
substantialdeclines in prevalence and consumption. VaalbWéek (2005) estiates that prevalence
declined from 31% of the adult population in 1993 to 24% in 2008le aggregatecigarette
consumption and per capinsumption declinely 32% and 46% respectivelyerthe same period.
Declines in prevalence armbnsumption were well underwdyy the time the tax increases beganin
1994 (Van Walbeek, 2002005. In the absence of a credible counterfact(eilvhatif scenario)the
impact of taxes on consumption and prevatens likely to beverstated The literdure on evaluating
the i mpact of Sout h Antral efforta hasnotdafgem upetise chaleergeft o b a c ¢
constructing a counterfactual of what would have happened to consumption and prevaletiee i
absence of the consistent tax increases thaganin 1994.

This papetakes up the challenge anbes a transparent datariven technique, the Sythetic Control
method (Abadie and Gardeazabal, 2003; Abadie et al., 2@d@yeate a credible counterfactuaf
cigarette consumptionn South Africdrom 1994 to 2004. The counterfactual is constructed as a
weighted average dhe per capita cigaretteonsumptiorof countries similar to South Africa that did

not initiate largescale tobacco control measures over the period 1994 to 200ding this
counterfactual, we are able to estimateh e “t reat ment ef f ecdasesamf Sout
cigarette consumptionWe find that per capita cigarette consumption would rfwve continued
declining in the absence dtiie consistent taxand pricerisesthat began in1994 Specificallywe
estimate a treatment effect of 36% by 2004. That is, per capita cigarette consumption in 2004 was
36% lowerthan it would have been had the government not consistently increased eaccésert te
preceding years

SouthAf ri ca’ s s uc c e lstebagd contok hwldéessoastar ethemdievieloping and

emerging countries that haveigned and ratified he WHO' s Fr amewor k Conven
Control (FCTC). Parties to the F@mrequired to implement effectiveobacco control measures to

curb an impending tobacco égemic. Sout Africa shows thatobacco control dividends can be

obtained bysubstantially increasing the real tax on cigarettes.

The rest of the paper is structured as follows: Section 2 providegdmckground o Sout h Af r i
tobacco control measures, Section 3 reviews the
control measures, Section 4 describes the Synthetic Control mathedme detail and Section 5

describes the data. Seoti 6 discusses the selection of the control countries (what we call the donor

pool) while Section 7 presents the main resultscti®a 8 concludes.



2. Tobacco Control in South Africa

Priorto 1994, South Africiid notconsciousy targetthe consumptia of tobacco producten public
health groundsAccading to Van Walbeek (2005), tirelegation of public health coeensin tobacco

tax policywas likely due tahe cordial relationghat existedbetween the tobacco industry and the
National Partythe paty that ruledSouth Africa from 1948 1994. Theendresultwas thatthe real
price of cigarettes, the main tobacco product in South Africa, declined bp&@®een 1961 and 1990
even as the nominal price was increasing (ibidgnsequently, per capiteigarette consumption
increasedy 60%from 50 packs in 1961 to 80 packs in 1991 (ibidthe 1980sand early 199Qsthe
medicalresearctcommunitystarting with Yach (1982 ndlater the South African Medical Research
Council (1988, 1992) published e=sch showing that tobacco consumptiovas a net cost to the
country. For instance, the 1992 study by t8euth AfricatMedical Research Coun(BAMRQ)laced

the estimate of the costs of tobacco consumptitril.82% of GDP against benefits of 0.49% d? GD
(SAMRC, 1992Yhe publicity generated by these studies rallied the public health conrtsnand civil
society behind theeommon goal of getting the South African government to take tobacco control
seriously. The momenturthat had built up during the 1989 and early 1990salong with the
impending changef government culminatedin the passing of the Tobac&roducts ControAct of
1993 by Parliament The big turning pointhowever, came in 1994hen the new African Ational
Congressed government, infie National Budget Statement of that year, announced an increase in
the excise tax on cigarettes of 25% (Republic of South Africa, T@@Minister of Financéurther
stated that the government would phasa tax increments every ye&ence until gax burdenon
cigarettegincluding Value Added Taxf)50% of the retail price was reachébid.). As aresult1995

and 1996 sawncrements of respectively 2586d 18%{Republic of South Africa, 1995, 199 1997,

the Minister of Fnance announced a laggncrease of 524h the excig tax on cigarettes, a movbat

was expected to bring the totéhx burden (including Value Added Tax) to 50% of average retail selling
price (Republic of South Africa, 199From 1997, the annual increases on excise taxesgarettes
havetherefore beenpredictable in order to maitain the stipulatedtax burden?

Sout h Af ri cxisetax poticy sineesl@®hstramslaged into substantial increases in the
realprice of cigarettesF-ram 1994 to 2008the averageeal price per pek of cigarettes increased by
170% (see Figure 1Between 1994 and 2004, which is the period we evaluate in this paper, the
increase in the real price per pack was 110%is is in stark contrast to the period before 199#ich
registerad considerable declines in the real price of cigarettess this unprecedented increase in
cigarette pricesbeginning in 1994vhose impact on consumptione seek to evaluate in this paper.

1 Saloojee (1994 Malan and Leaver (2003) and Van Walbeek (2005) contain detailed accounts of the events
and debates leading up to the adoption of the Tobacco Products Control Act of 1993.

21n 2004, the target total tax burden was raised to 52% of the average retaihggllice.

8 Because the industry responds by increasing retail prices, the tax burden is always slightly less than the
government’'s target (see Van Wal beek, 2005; 2006) .
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Figure 1: Trends in the réarice per pack of cigaré¢s in South Africal961 to 2012
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Source: Authors’ cal cul at i ons tiohahTseaslry of South AfacsndStatistics Sonth d at a
Africa.

3. Literaturereview

The literature evaluatinghe impact of SouthA f r i wbstdntal taxincreasessince 1994on
prevalence and consumptids not very extensive/an Walbeek (2002005) has investigated the
impact of the tax increases on prevaleras& consumption. By fitting alinear trend to thAdl Media

and Products Survey (AMRSJhichis a commercially generated datasétan Walbeek (2005)
estimates that smoking prevalence in South Africa declinegbpyoximately percentage paits over

the period 1993 to 20Q3He also finds that African and Coloured population groups experienced the
biggest declines in smoking prevalence over the same period. In terms of consumption, Van Walbeek
(2005) estimates thadggregate consumption declined by 32% over the period 1993 to 2004 whereas
the decline in per capita consumption was even more pronodrme46%.He finds that smoking
intensity, the average number of cigarettes consumed by smokers, accounts for 55% of the decline in
per capita consumption while the decline in smoking prevalence accounts for the remaining 45%.
Implicitin the estimates orprevalence and consumption is the assumption that in the absence of the
tax changes beginning in 1994, consumption and prevalence trends would have continued unabated.
That this would havéeen the case is not directly evidead consumption anghrevalencewere
already in decline at the time that government introduced its new tax policy on cigarévas
Walbeek, 2002; 2003 Otherwork hasnsteadfocussed on e&mating the impact of théax increases
onllicittrade (Blecher, 2010; Van Walbeek, 204) anthe impact othe Tobacco Products Control
Amendment Act of 1999 on restaurant revenyBsecher, 2006y an Walbeek et al., 2007)he task

of constructing a credible counterfactual for the South African experience since 1994 remains
unchallenged irnthe literature.

4 Koch and Tshiswakdashalala (2008) level a similar criticism.
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4. Method

This paper uses the method developed by Abadie and Gardeazabal (2003) and extended further in
Abadieetall 2010) to evaluate South Afr i caThemethabacco
i nvol ves e st i maduntarfactudkigarettenconsumptiorctrend dine following the
consistent hikes igigaretteexcise taxes that began in 199 other words, the method involves

creating a synthetic South Africa, a country that looks like South Africain all relevaattespcept

for the tax hikesThe observed outcomeariablef or t he * raasthéncoparetdtotheA f r i
outcome variable fothe synthetic South Africdn this section we discuss in some detail the formal
aspects of the method.

4.1.ldentification

Quppose we haveé pregionsand regiorp experiences a policy changad is therefore referredto
as the “treat ed?”Uregiengdononexpeflehcetherpeliayahammye singe we use
these regiongo construct a counterfactual scenario for the treatembotry, we collectively refer to
t hem as t heTheépblicpchande happeatdime periodYwherep Y "Y 0 with
0 being the number ofime periods after treatment. In the case of South Afriga, p Tand”Y

p w wThe outcomevariableof interestis® with 'Q plth8 i) pandod pfB AY 0. For any
region’@nd time period, wecan defined and® . @ is the observed outcome variabé®dd® is
the outcome variablén the atsence of treatmentThat is® is unobserved aftetY but is equal to
@ before”Y. Given this, v can then define the treatment effect of the policy change, as:

AT (1)

ford Y pMHRY 0. The complication is tha) is unobserved for ab “Y. In order to
estimate the effect of the policy change, we neeéstimate® after treatment Suppose&y evolves
according to the equation

@ PL #H - )

where_ is some factor common to all regior;is a vector of observed factoasidH, is a vectoof
unobserved factorthat have an impacto . P and# are the unknowriime varyingparameters
associated WitH%;;;; and H respectively? - is the unobserved error term with mean ze@iven a

donor pool andab  p vector of weightsg 0 B R  asuchtha tando 0 E
0 p, we can always construct for aify

5 Notice thatd: andH do not have time subscripts. We can think of their values as fixed over short periods of
time but still allow for their effects, viB and# respectively, to vary across tiniehe method also allows for
more general specifidins ofJ—'j andH with time subscripts.



That iswe can always express thetcome variable of atreated region as aweighted average of the
regions in the donor pooFor'Q p (i.e. the treated country)Abadie and Gardeazabal (2003) and
Abadie etal.2010) show that there exists) pvectorof weightse* 0B h)°  awitho”

v° E 0° pand0”  Tsuch that

That iswe can alwayexactlyrecreate thepre-treatmentcharacteristics afhe treated region using
onlythe donor pool and the weights i “.° Sincethe factors irH areunobserved, we cannot create
theirempirical coungrpartsin equation (4)However, if the set of equationsin (4) hold exactly, then

also holdgAbadie et al., 2010)Having recreated the prreatment characterstics of the treated
country using the donor pool, we can then use the same linear combination of regions to trace out
the time path of the outcome variable after treatment. Thime path isthe outcome variable we
would have observed for the treated rexgi in the absence of treatmerfthe counterfactual)The
difference between the counterfactual trend line and the actual trend line is thenthe treatment effect.
Formally, gven equations (4) and (She treatment effect estimator foiQ pis

fordo "YandQ clof8 h”

The treatment effecestimator in equation (6) is a generalized version of the standard differance
difference estimabr. Whereas thestandard differencein-difference estimator assumes that the
effectsoftheunobserved factors are fi xed(6albwsfortiemr ef or €

6 Appendix B of Abadie et al. (2010) contains the mathematical proofs related to this point.
TForo Y, TL



to be time varyingThis isan attractive property givethat the impact ofmost factors is likely to
change over time as opposed to remaining fixedaddition, the treatment effects estimator in
equation (6) is a dynamic estimator thgives us the treatment effect atach point in time after
treatment. The standard differenem-differenceestimator only gives a static average treatment
effect Further, Abade et al. (2014) show that the Synthetiar@rol estimatorin (6) iselated to the
standard regression estimator the sense that both apply the ided weightsthat sumto one.8The
only difference ighat the Synthetic Gntrol estimator restricts the weights to be nemegative,
whereaghe regression estimator places no such restricoorthe weightsNot placinghis restriction
allowsregression to perfectly fiteounterfactual even whehe datadoesnot allow for one In more
technical terms, regission allows extrapolationutside the support of the data whereas the synthetic
control estimator can only perfectly fit a counterfactual if the data allows it to doEsdrapolating
from outside of the support of the data makesgressiorsusceptible to the problem dfextreme
counterfactuas ” ( Ki ng and Zeng, 2006) .

The equations in (4) are uRkkly to hold exactly in practisdt is therefore desirable to get as close
approximations to these guations as possiblé®©ne of the way®f assuring this i have a door
poolofregiond h at s h arne sau p“pcoornneaiedvregiorhin othéreords, the otcome
variables for the regiosiin the donor pol shouldevolveaccording to equatioit2). Secondly, the
treated regionshould be contained within the convex hull of the donor pd®hese two conidions
essentially requir¢he treatedregionto not be tooextreme relative to the regionis the donor poaol.

In any casgthe degree of pretreatment discrepancy between the treated country and its synthetic
counterpart can be assessed by calculating the Root Mean Percentage Squa(&MPGE)s

YO 0 YO;

Lo

A large RMPSE would suggest a poortpgatment fit between the treated region and its syntheti
counterpart. ing the Synthetic Control Methad thissituation would notbe advisable.

So how isf “ choser?f “ isthe solutionto the following constrained optimization problem

- m\
—
I+
I+
O

L L+ £ L5 suchthaw T andv 0 E

A —
=l

8 Recall thatthe standard regression estimator forthe model = 1 ¢,isn  £&&  <Lae. The estimate of

the treatment effect (or the predicted outcome ) is then =£5. Butsinces L& e, the treatment
effect is obtained by applying the weight =4  Loan the outcome vecton . Further technical details related

to this point are contained in Abadie et al. (2014).

9 The convex hull of the donor pool is the set of all convex (or linear) combinations of the regions in the donor
pool (King and Zeng, 2006). The convex hull conditqnires that the treated region be contained in this set.
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where= is a matrix of preintervention characteristicef the treated region (including andd:)

and= is a matrix of the samere-intervention characteristics fahe regions in the donor podl. is
the set ofall vecbrs satisfying the requiraent that their elements sum to one and anen-negative®
andr is some diagonal matrix whose diagonal elements weight facto¥s mccording to how well
they predictthe outcome variabléd . The problem in (8) seeks to minimize, by selecjfg a
measure of distance between the treated region and the donor gé®he minimization problem in
(8) can be solvedumericallyin Stata usinghe Synthroutine.*?

4.2.Inference

In order to ensure that théreatment effectidentified inequation (6)isnot due torandomchance,

Abadie et al. (2010, 2014) suggest inferential techniques based on the igeacefbo testsThey

suggest constructing synthetic counterparts for all the regions in the donor, poelat a time and

for each region estimatmthe treatment effect according to equation (6). Ti®rcise results in the
constructionof an empirical distribtion of treatmenteffects i mi | ar t oodistibetons$®t ude nt
The identified treatment effectis deemed statistically significaite. not due to chanceif the

probability of obtainirg an effect as large as that of ttreated region in the empirical distribution of

treatment effects,is small.

The Synthetic@htrol method hagyainedprominence inthe impact evaluation literatutélt has been

used to assess episodes of economic liberalization across the wdhhag({Br and Nannicini, 2013p

guantify the economic costs of conflict SpainfAbadie and Gardeazabal, 2003) a&hd economic

effects ofreunificationin GermanyAbadie et al., 2014F-rom a public health perspective, the method

has been used to eval uat e nmefdAbadie et al.2010 toxuantilyb ac c o
the health benefits of the liberalizatioof the sex traden Rhode IslanfCunninghamand Shah, 2014)

and to estimate the effect of bar closing times on traffic accidémthie United KingdoniGreen et

al., 2014).

In terms of implementing the method for StiuAfricg we follow the approach in Abadie et al. (2010).
& is cigarette consumption per capita (in sticks)includes the followingariablesthe real pice of

a pack of cigarettegeal Gross Domestic Product per capita (real GDP per capiteg alcohol
consumption per capita and the proportiaf adults h the total populationit alsoincludeslagged
values of per capita cigarette consumptitincapture some aspect of habit formation (Chaloupka,
1991) The variables i# are the standard predictorfoundin empirical specifitionsof the demand
for tobacco productgChaloupka and Warner, 2000).

OForinstance, mi ght contain a vector with the foll owing el el
el ements (0.5 0 0O .. 0.5) and so on.

11 Recall that ~ isthe Euclidean norm or Euclidean metric, a distance function.

2Avail abl e fr om J dtaathitdgd/aveb.atamioe ledu/€rain/s yntiape de sitml

13 Theodistribution is ara priori(assumed) distribution.

14 The method was favourably reviewed by Imbens and Wooldridge (2009) iraththoritative literature

survey of the econometrics of programme evaluation.
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Our choice of conducting the evaluation over the peri@84to 2004 isduetb he WHO’' s Fr ame w
Convention on Tobacco Control (FO@kichcame in to effectin 2005. The treatyhich wasigned

by 168 countries, encourages countries to implement a wide array of tobacco control measures. We
therefore expect that most of the countries in our donor pool began, from 2005 onwards, to think
seriously about tobacco control, a situation that migasult in a downwed bias in our treatment
effectestimates. Further, Abadie et al. (2012014) consider a ten year period to laesufficient

timespan to properly evaluate the effects of a policy chafige.

5. Data

The data useth this paper comé&oma number ofsourcesData on the outcome variable, cigarette
consumption per capitéin sticks), comes from the World Cigarette Report published by the ERC Group
(ERC2010) The ERC Group is an independent research company that compiles market intelligence
data on a number of products including cigarettes on an annual B&§se country coverage of the
World Cigarette Report istensive with data on mangountries. The report also contains complete
time series on consumption from 1990 to 20@@onsumption dta from thereport has been used
previously by Blecher (201tt) investigate the impact of advertigirbans on cigarette consumptiéh
Cigarettepricedatasi f rom t he Economist Intelligence Unit
The sureyhas keen collectingigarette price data alongside the price of ettyoods and services for
almost140 cities since 1998 For cigarettes, price datais collected seannually from supermarkets,
mediumpriced retailers and more expensive specialty storesforbrands: Marlboro (or the nearest
international equivalent) ad the cheapest local brand (or the cheapest brand in the absence of a local
brand). We follow Blecher and Van Walbeek (2004, 2009), Blecher (2008) and BRtigrgnd use

the price ofa pack ofthe cheapest brand. This is because the cheapest brand is usually the most
popular brandin a countryand consegently its price ishe most representativeThe price data is
expressed in constant 2000Sdollars using the United States Consumeréhlex City Average for

All ltems (United States Department of Labotir).

GDP per capita and data on the proportion of ad(l&to 64 yearsn the population come from the

Worl d Bank’s Worl d De v éGOPpeneapithis éxpresiieacandtan0@ d at ab
US dollars. Finally, data on pure alcohol consumption per c@pitaressc o mes f r om WHO’ s
Information System on Alcohol and Heatth.

I'n their 2010 paper on California's tobacco contr ol
the period running from 1989 to 2000. In their 2014 papertbe economic effects of reunification on West
Germany’'s economy, Abadi e et al . conduct the evaluati

16 For more seehttp://www.erc -world.com/

17 An alternative data source for coumption is the Tobacco Country Profiles available from WHO at
http://www.who.int/tobacco/surveillance/policy/country_profile/en/ Unfortunately, and as noted by Blecher
(2011), the Tobacco Country Profiles do not contain complete consumption series for the time periods that we
are interested in.

18 For more seehttp://www.eiu.com/handlers/PublicDownload.ashx?fi=da$ection/worldwidecostof-
living.pdf&mode=m

19 Available atvwww.bls.gov

20 Available ahttp:/data.worldbank.org/datacatalog/worlddevelopmentindicators

21 http://apps.who.int/gho/data/node.main.GISAH
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6. Selection of the Donor Pool

The validityof the Synthetic Control ethod relies on the selgion of a donor pool that meets the
following set of criteria(i) the common support requiremeytti) the convex hull requirement and (iii)
regions in the donor pool should not have experienced treatirduring therelevant time periodin
selecting arappropriate donor pool, we begin by addressing the third requirement and then work
baclkwards to(i) and (ii).

In order to select donor poolconsistingof untreated countries, we rely on the work on cigarette
affordability byBlecher and Van WalbeekQ@, 2009) Blecher and Van Walbeek propose a measure
of cigarette affordability, the Relative Income Price (RIP), which is calculatedrati thef thecost of

100 packs of garettesinacountrytt hat country’ s AdeslmihgRPEdhstippe r capi
cigarettes are becoming more affordable whaeising RIP signifiekclining affordabilityIn their
2009 paper, Blecher and Van Walbeaeére able toclassify 7¢ountries according to whether they
experiencedncreasing affordability or déining affordabilityover the period 1990 to 2006These
were countries for which the authorgiere able to obtain complete and comparable data on real
cigarette prices and real GDP per camitger the period 1990 to 2006The authorsidentify 37
countries whchexperiencel an increase in affordability the sense that the RIP declined average
over the period 1990 to 2008 For 20 out of the 37 countries, the decline in the RIP occurred because
of a decrease in the real price of cigarettes coupled witanreiase in real GDP per capita. For the
remaining 17 countries, the declingas due to real GDP per capita growing faster than the increase
in real prices.

We opt to use thedecline in the RIP over the period 1990 to 2006 as a proxy for the absence of
treatment. That isye regard countries whose affordability increasedaveragever this period as

not having enactedignificantobacco cottrol measures. This is obviouglye case for the 20 countries
whose RIBdeclined as a resulif decliningealcigaretteprices. We contengdhoweverthat even for

the remainindl7 countries whose RIPs declirtage toreal incomes growing faster than real prices, a
conclusion of the absence tiEatment is areasonable one to makkhis is because effective tobacco
control measures require (i) real tax/price increases and (ii) real tax/price increases that grow faster
than the rate of growth in incomes (WHO, 2010; IARC, ROAE also recognis¢hat the RIP might
have somehortcomingin identifying whether a countrigas insituted tobacco control measures

not. For instance, a country may have adopted a wide setobficco control measuresuch as
advertising bans aridr clean indoor air policies but neglected to significantly increase real cigarette
prices. Our masure of treatment wald then consign this countrip the pool of potential donor
countriesin spite of its tobacco control efforién as much as we recognise that tobacco control
measures constitute more #n just tax/price measureshe tobacco contrditerature recognises the
primacy of tax/priceoliciesin curbing demand (ibid.)Jn other wordsthe magnitude of measurement
error in classifying treatment status is likely to be larger veitiier tobacco control measures than
with price/tax measuresnlany case, we would consider our estimates of the treatment effect to be
lower boundestimates if the donor pool hagbmecountries whose treatment status wasisclassified

in the manner suggested abovA&n alternative approach would be to determine treatnt status
based on the Tobacco Country Profiles available from \A#d@fortunately, the countryprofiles are

22 See Figure 4 in Blecher and Van Walbeek (2009).
23 Available ahttp://www.who.int/tobacco/surveillance/policy/country profile/en/
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often not clear as tavhether the listed tobacco control measures have been implemented effectively
or not. Further, the country profilesften provide the analyst with lots of room for discretion in
classifying treatment statu©n the other hand, the RIP measures outcomes and not the intent of
treatment. Secondly, the Rl using a rigid decision rulleaves the analyst with little room for
discretion and in this way limits errors due to misclassificati@astly, the procedure of assigning
treatment based on the RIP is transparent, dimark of the Synthetic Control @thod.

Our criteria for identifying treatment correctly classifies marfiyhe countries that are known for

having instituted significant tobacco control measures over the period 1990 to 3@@6h Africa, our

countryof interest, is classifiedorrectlyas treated since #RIP increasedn averagever the period

1990 to 206. Thailand, a country whogmsitive experience wittbbacco controls oftenheld up as

a model for other developing and emerging countriesvy et al., 2008)s also classified as having
undergone treatmentMost of the developed countriesvhose tobaco control efforts predate the

1990s, are also classiid correctlyas treated.On the other hand, the list of untreated countries

consists mainly of developing and emerging countries, an expected outcome giverethec ount r i e s
slow progress in implemeimtg effective tobacco control measures over the period 1892004 (Jha

and Chaloupk&000).The ful |l 1 i st of treated and untreated
2009 paper are contained in Tabd in the appendix.

Having identified thgpotential donor pool, waneed to ensure thathe common suppd and convex
hull requirements are mefThetwo requirements are readily satisfied by excluding frompaie ntial
donorpool in Table Atountries that aredissimilato South African some tindamental wayOne of
the most transparent ways of ensurittigisistou s e t h e WGoGaourtryClassificatikbn Sgstem
based on percapitainconttWe r el y on Bl e c h(2009)usagelof th€dasdicAitm| b e e k'’
System as it stood at their tim@ writingand exclude from the donor poall highincome countries:
These countries are often perceived of as being structurally different in many respects smtbw
middle income countries such that including them in the donor pool would risk \oolatithe convex
hull and common supporequirements.Lastly, we drop from the potential donor pool countries
without a complete set of data over the period 1990 to 2604 he final donor pool consists of 24
countrieswhich arelisted in Table 1.

24 Available ahttp://data.worldbank.org/news/2015country-classifications

25This results in the exclusion of Kuwait, Bahrain, Czech Republic, Ireland, Denmark, Greece, Finland,
Luxembourg and Norway.

26 This results in the exclusion of Bangladesh, Croatia, Iran and Serbia and Moatenegr
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Table 1: Donor Pool

Donor Pool
Argentina Morocco
Brazil Pakistan
Chile Panama
China Peru
Colombia Philippines
Costa Rica Romania
Cote d’' I voi Senegal
Ecuador Sri Lanka
Egypt Tunisia
India Uruguay
Indonesia Vietnam
Jordan
Malaysia

Notes:List of untreated countes from Table Afhat are not high income countries and have a complete set of data over
the period 1990 to 2004.

The final donor pool consi sts of copeerd Thelsts t hat
contains Lah American, suksaharan and North African countries. The donor pool also contains three
countries from the BRIGf8oup(Brazil, India and Chin&)The BRICS countries are often thought of
collectivelyas the vanguard of emerging economies. Ladthg donor pool contains emerging

economies from South East Asia.

7. Main Results

This section presents the main results of implementing the Synthetic Control method for South Africa
using the dmor pool listed in Table.1

7.1. Treatment effects

Table 2 presents theesults of the solution to the minimization problestated in equation (8).
According to Table 2, synthetic South Africa is a linear combination of 27.6% of Argentina, 47.6% of
Brazil, 14.6% of Chil8,7% of Romania and 9.4% of Tunisia. In other words, dbmbination of
countries alongside their respective weights, produces the lowssttreatment root mean
percentage square eor (RMPSE) between the actual South Africa and its synthetic counterpart. The
pre-treatment RMPSE between the actual South Afaad its synthetic counterpart obtained by
applyingthe weights in Table 2 is 0.144. Thatas,average, the praéreatment difference between

South Africa and synthetic South Africa for the outcome varialddasit onetenth of aper capita
cigarette. Tie optimal weights in Table 2 show that synthetic South Africa is mostly n@adélLatin
American countries (with a combined weight of 90&th Brazil being the most impat.

27 BRICS stands for Brazil, Russia, India, China and South Africa. Russia is notin the donor pool as itwas
classified as treated according to criteria outlined in Section 6.
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Table 2: Synthetic weights

Country Weight
Argentina 0.276
Brazil 0.476
Chile 0.146
China 0
Colombia
Costa Rica
Ecuador

Egypt
India

Indonesia
Cote d
Jordan
Malaysia
Morocco
Pakistan
Panama
Peru
Philippines
Romania
Senegal
Sri Lanka
Tunisia

Uruguay

Vietham 0
Notes: The tablshows the vector of optimal weightﬁzﬁobtained as the solution téhe problem in equation (8).

In Table 3, we compare the average jireatment characteristicshe predictorsin & |, for South

Africa with its synthetic counterpart using the weights in Tablg/2 can see from théable that

synthetic South Africa resembles the actual South Africa in most of thér@atment characteristics.

The only variable whose préreatment average differs between South Africa and its synthetic
counterpartispure alcohol consumptionpercdgpiSout h Afri ca’ s avehamge i s
its syntheticcounterparf hi s i s due to the fact that South Af
“extreme relative to the countries in the donor pool. In other words, there is no linear combmatio

of countries in the donor poolthan cgerfectlyr e pr oduce South Africa’ s alc
(i.e. in terms of alcohol consurtipn, South Africa is unlikely to be the convex hull of the donor
pool).Having oe or two predictors that differn magnitudebetween the treated country and its

synthetic counterpart is typical of the Synthetic Control methsdhe treated country is likely to have

at | east one “xtreme” predictor
28|n their study assessing the economic costs of reunificationonWest&aery ' s ec ono my, Abadi e
(2014) were unable to find a |inear combination of do

pre-treatment inflation rate. This is because West Germany had a very low inflation rate in tHeeptment
period conpared to the OECD countries which form the donor pool in their study. Similarly, Abadie and
Gardeazabal (2003) in their study of the economic costs of conflictin Spain were unable to reproduce the
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Table 3:Average pe-treatment characteristics for South Africanal Synthetic South Africa

South Africa Synthetic South
Africa
Log of GDP per capita 8.44 8.28
Price of cigarette pack in USD 0.89 1.15
Pure alcohol consumption (in litreq 9.05 711
Proportion of adults in population| 58.62 60.95
Consumption (1992) 947 945.58
Consumption (1990) 1010 1008.86

Notes: Average prereatment charateristics for South Africa andisthetic South Africa. Obtained by plying the weights
in Table 2 tahe pre-treatment characteristics of the donor pool.

Having shown that syhetic South Africa largely matches actual South Africa in itstner@ment
characteristics (as evidencedTable 3 andyy the pre-treatmentRMPSE we can now use synthetic

Sauth Africa to estimate thetreatment effect of the policy changeFigure 2 plots cigarette
consumption per capita fdsouth Africa and synthet®outh Afrca over the period 1990 to 2004. The

vertical distance between the two lines is the estimate of the treatment effeese equation (6)As

one would expectthere is hardly ay treatment effect before 1994 as the two lines are
indistinguishable from one anotheiThe last poinis anotherway of judging the success of the

Synthetic Control method inreproduci®go u t h A ftreatnera chaacteristies. Aftethe onset

of treatmentin 1994, the two lines Figure Deginto divergewittsout h Af ri ca’ s cons
being everywhere | owersconbumptiondie®ad inteh | Af Siocad 'hs Ap e
cigarette consumption declines throughout the treatment periodwhe as sy nt heti ¢ Sou

trend line initially rises and eventually stabilises at around 800 cigarettes per ¢egntahe year
2000

Bas que r drgatment industpatl sbare as a perciarge of total production. This is because the Basque
region, which is the treated region in their study, had a very hightp@tment industrial sharerelativeto the
rest of Spain.
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Figure 2 Cigarette consumption per capita, South Africa vs Synthetic South Africa
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Figure Jresents another way of visualizing the treatment effect. The line in the figure measures the
cigarette consumption gap between South Africa and its synthetic counterpart (T&ble e

appendix provides precisgstimates of the teatment effect). Between 1990 and 1993, the treatment

effect isapproximatelyz e r o . By 1995, the first year after t|
cigarette consumption is 38 cigarettes less than its synthetic counterpart (or W @he trement

effect increasesvith each additional year the authorities raise excise taxes on cigarettes so that by
2004, South Africa’s per capita cigarette consu
counterpart. That tadgaretteRansuingtiondsB6Poilowdaan whergiewouldc a p i

have been had treatment not began in 1994. Over the entire evaluation period (1995 to 2004), South
Africa’s per capita cigarette consumpti ocom decl i
average).

7.2.Placebo tests

Thetreatment effects from Section.Z. might have been produced by random chance in which case

they would not bestatistically significaniTo confront this assertiome use the inferential techniques
suggestedy Abadie etl. (2010, 2014and described in Section2l We place South Africa in the

donor pool and subject each of the countries in Table 1 to the same synthetic control routine as we

did Suth Africa This exercise results ina distribution of treatmenteffegtsai nst whi ch Sout
treatment effects can be compared. SounfitantAf ri ca
(i.e. not due to random chancé)the probability of obtaining a treatment effect as large as South

A f r |ircthe distrilution of treatment effectsweresmall. Theseare calledplacebo tess because

we do not expectmanyof the untreated countries in Table 1 to hatreatment effecsas large as

those observed fathe treated country Figires4A, 4B, 4C andDipresenthe results of running the

placebo tests. We also include in the figs& o u t h s &datmenteéiéct from Figure.3

Figure 4 presents the treatment effectsr all 25 countriesin the figure most of the countries have

treatment effects that are greatehan zero or equal to zerover the period 1995 to 20085auth
Africa’s tr eatuneuwulnthe fighireathoughpipmatacbed by Brazil ' s
e f f e c tstrdatthenaedfectlis’thetherlinethat is alseeverywherelessthanzeyo Br az i | ' s ¢
treatment fit, with a RMPSE of 95 however poomaking it a bad comparison for South Africa which

has a pretreatment RMPSE of 0.1400ked at differentlyB r a z i-tteatsentfitis about 600 times
greaterthan8 ut h A f -traatment fis Copsequentlyn Figure 8 we excludeountries whge
pre-treatment RMPSEs are greaterh an 500 t i me s -tréanant RMP2&E Sodthc a’ s p
Africa’s unusual treatment effect i s nowsvisibl
| ar ge as Slbeuprobabildty of obtairang a treatmeetf f ect as | ar ge as S
therefore1/21 =4.76%, which is less than tbe&olevelused in standard tests of statistical significance

Figures 4C andXcontinue the exercise ekcluding countries withqor pre-treatment fits. Figure@
excludescountries with apre-treatment RMPSE that €0 timesgreaterthanSout h R®4Dr i ca’ s

29 The figure excludes the treatment effects of Brazil (RMPSE = 95), China (RMPSE = 281), Romania (RMPSE =
139) and Tunisia (RMPSE = 123).

30n addition to the countries in footnote 29, the following countries are also excluded: Argentina (RMPSE =

17), Colomia (RMPSE = 32), Costa Rica (RMPSE = 39), Egypt (RMPSE = 23), India (RMPSE = 23), Jordan (RMPSE
= 28) and Vietham (RMPSE = 26).
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excludes countries with a preeatment RMPSE that B0 timesgreaterthanSout h #AThe i ca’ s .
unusual nature of Sfbeatis how Adrerevidematin figurésdCeand Bn €ha t

probability of obtaining an effectasgre as Sout h Ais1/i4e @b vhereasinfHgurgg ur e 4
4D the probability is 1/10 = 109Both these probabilies are smkgiventhe number of countriem

Figures 4C and4Cunningham and Shah (2014) and Dube and Zipperer (2014 tmakoint that a
10%levelisactuallya stringent threshold for making inference under the Synthetic Control method

given that @nor pools usually contain a sthalumber of countries.

Figure A Figure B
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31|n addition to the countries excluded in footnotes 29 and 30, Figure 4D excludes Chile (RMPSE = 12),
Pakistan (RMPSE = 9),nRaa (RMPSE = 13) and Philippines (RMPSE = 10).
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Another way of presenting the results of the placebo tests tivade eactc o u n't r yéatmenip o s t
RMPSE by its preeatment RMPSE and then to rank the ensuiatjos for dl countries This is

attractive because it avoids the arbitrary RMPSEaftgthat we usedn Figures 4B tol2land at the

same time penalises countries with large treatment effects but poortpgatment fits 32 Figure 5

presents the results of this rankgy exercisdor all the 25 countriesin the figure, theratio for most

countries is so small that it is n&venvisible in the figure. On the other hanat, about 5, 000, the

magni tude of SoutandiAsf roinday ss urraptai sasoeits rddyits ftogned o ne s i
l ndonesi a’ s pJlhaweeechbe reaedesdtas suecessitdatment. This is evident in

Fi gure A1 in the appendi x which plotétndodesesi s
treatment effectis mostly pasve over the period 1995 to 2004nplying that its per capita cigarette
consumptionignostlygr eat er t han ssgonsurhpéion,iasituatiom that careluyibe ’

described as a successfrdatment. Indonesia wnusually ngh ratioin Figure 4s the result of a very

low pre-treatment RMPSE relative to South Africa and the fact that the calculation of the post
treatment RMPSE does not distinguish between negative and positive treatment effddis.

Indonesian case notwithstanding, the probalyibf obtaining aratioaslgre as Sout h Afri ca
5is 2/25 = 8% which is small given tleample siz&3*

32 This ratio is similar to thé statistic used in standard inferential methods. A ladgatistic is obtained

whenever the identified effect is large relative to the standard error. Thetpa@tment RMPSE, in our case,

plays the role of a standard error while the pdastatment RMPSE plays the role of the identified effect.

33The RMPSE formula squares and sums over the deviations (which are essentially the treatment effects). See
the RMPSE formula aguation 7.

341fwe only consider successfully treated countries, then this probability reduces to 1/25 = 4%.
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Figure 5Ranking of treatment effects

Indonesia |
South Africa |
Uruguay |
Senegal
Philippines
Chile
Malaysia
Cote d'lvoire
Colombia |
Sri Lanka
V|eénam |

t

Paki%)t/gn ]
Peru
Jordan
Panama
Argentina
Brazil
Romania
India
Tunisia
Morocco
Ecuador
Costa Rica
China

0 1000 2000 3000 4000 5000 6000

Post-treatment RMSE/Pre-Treatment RMSE

8. Robustness

This section tests the robustness of our treatmeffect estimate from Section .#irstly, we check
whether the treatrment effects are sensitive to the composition of the donor pool. We check this by
excluding, one at a timigom the donor poolthe countries in Table 2 that hapesitivedonorweights
and re-estimatingthe treatment effect This is done so as to guard against the possibility that our
estimated effectare being driven by a single donor country with a positive welgatondly, we vary
the timing of theonset of treatmento accour for any delaysn the implementation of treatment.

Figures 6A to B present the results of successively excluding countries which earlier haggositi
weights from the donor pool. The patn of the trajectories ofynthetic South Africa is similar across
the five figures anpgmore importantly, gnilar to the pattern in Figure.By 2004, athe five figures
show a countefiactual consumption level of around 800 cigarettes per capita whias also what we
foundin Figure 2Table 4 compares the precise treatment effect estieseof the robustness tests
with the main results from Section The treatment effects are presented as annual percentage
deviations from theirespective counterfactual trend line€olumn (2) shows the main resultbile
columns (3) to (7) show the relssifromexcluding positive donor countries from the donor pofiie
treatment effect estimates by 2004 and the average treatment effects for the-prestment period

are similar across columns (2) to (BY. 2004, all specifications report a treatmentezt of atleast
30%and an average treatment effect for the period 1995 to 2004 of around 2@%r treatment
effects estimates are therefore independent ahe composition of the donor pool.
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Figure &: Excluding Argentina
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Figure ®: Excluding Brazil
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Figure ®: Excluding Romania
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Figure &: Excludingunisia
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Table 4: Treatment effects (in %) associated with robustness tests

Year Main Excluding | Excluding | Excluding | Excluding | Excluding | Treatment
Results Argentina | Brazil Chile Romania | Tunisia from 1995
@ ) ®3) 4 (5) (6) ™ (8)
1990 0.11 0.00 -0.05 -0.03 -0.10 0.00 0.09
1991 0.11 -0.07 1.74 0.36 0.09 -0.03 0.33
1992 0.15 0.03 -0.06 0.85 0.01 2.04 0.11
1993 0.12 -0.14 -0.23 -0.22 0.05 -1.52 0.08
1994 1.97 4.02 -8.74 2.75 1.72 -0.44 0.10
1995 -4.31 2.18 -9.88 -2.56 -4.38 -6.63 -3.28
1996 -9.6 -9.80 -17.99 -7.30 -9.72 -11.32 -10.08
1997 -14.7 -16.02 -25.77 -11.64 -14.94 -15.26 -15.70
1998 -16.07 -19.32 -27.98 -12.32 -16.26 -17.14 -17.29
1999 -22.49 -24.60 -28.16 -19.95 -22.78 -23.48 -23.21
2000 -26.51 -27.63 -35.85 -23.27 -26.72 -25.75 -28.24
2001 -27.22 -29.40 -33.64 -23.96 -27.25 -25.61 -29.06
2002 -25.54 -22.69 -28.83 -22.50 -25.54 -23.86 -26.59
2003 -39.26 -32.71 -42.09 -36.48 -39.34 -38.51 -39.84
2004 -35.75 -30.78 -36.11 -32.11 -35.84 -33.73 -37.19
Average | -22.15 -21.08 -28.63 -19.21 -22.28 -22.13 -25.25
Effect

Notes: The numbers in columng) (8 (8) are treatment effects in percentages associated withsix tests for robustness.

The numbers represent annual perce ntage deviations from their respective counterfactual tre ndtieesverage effect is

the average treatment effect overthe period 1995 to 2004 for columns (2) to (7) and 1996 to 2004 for coluGuh(8n

(2) reports the main results from Section 6. In column A3gentinas excluded from the donor poadplumn(4) excudes

Brazi| coumn (5) excludes Chile, column (6) excludes Romania and column (7) excludes Tunisia. Column (8) presents results
for treatment beginning in 1995 as opposed to 1994.

The final robustness check allows for the podigitthat treatment did not begin in eaest in 1994.
Thisis likely thave been the case if the initial tax increase was small relative to the ones in later years
or if tobacco companiesid notimmediately pasen, in full, the 1994 tax increas&Figure and the

last column of Table 4 showeatment effect estimates under the assumption that treatment
implementation was delayed byt Beast ayear (i.e. started in 1995)n Figure 7the pattemn of the
counterfactual trend linésvery similar to the ongin Figure 2ndsimilar to the one#n Figures 6A to

6E. In the figure, counterfactual cigarette consumption per capita is also around 800 cigarettes by
2004. The treatment effect by 2004 and the average treatment effect during the treatment period are
also similar tothe ones obtained fromhe other donor pool specificationinportantly, Figure 7
confirms the fact that treatment predates 1995 as the two lines can be seen diverging fromeach other
before 1995.

35 Although the available evidence shows that tobacco companies immediately p@sstedconsumers some
of the tax rise (Van Walbeek, 2006), wenetheless confront the possibility thatf ureakmént was delayed.
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9. The impact of illicit trade on the treatment effect

The argument is often madbat an aggressive excise tax policy, such as the one that South Africa has

been implementing since 1994, might translate into an increase in the market for illicit cigarettes. If

thisis the case, then the treatment effect estimates from Section 4.7 rhigbverestimated. Blecher
(2010, 2011) has provided some estimates of the
period that | study in this chapter. Using several data sources, he obtained an estimate of the illicit
market that was impkd by smoking prevalence and legal consumption data. For 2004, which is the

cut-off pointin my evaluation, Blecher estimated an illicit market of between 5% and 12% of the total
market.

Using legal consuption data for 2004 from Table2Ainthe Appendixs ee col umn 2) and
estimates of the illicit market in 2004, | can obtain an estimate of the total market (legal and illegal
cigarettes) for South Africa. My estimates suggest that the total market for cigarettes in 2004 was
somewhere between 548wl 592 cigarettes per capita. Comparing these estimates to synthetic South
Africa’s esti mat eiorfiro2004 fcelumn 8 ia pabl®ysresudt®im & te atnpent

effect of between 27% and 32%. That is, the treatment effect estimates, whetakas into account

the size of the illicit market, are not very differentfrom the main treatment effect estimate of 36% for
2004. I n any case, the 27% esti mate of the trea
estimate of the illicit markeshare, can be takento be alower bound estimate of the treatment effect.

Subsequently, Van Wal beek (2014) has al so atteri
market for cigarettes. He uses a method that compares predicted percentage chamgetal

consumption with actual changes in legal consumption. If predicted changes in total consumption are
greater than actual changes in legal consumption, then the share of the illicit market is growing and

vice versa.

Between1995and 2004, VanWdb ee k' s est i mates suggest that the
to illicit cigarettes remained virtually unchanged. Unfortunately, his method doesnot allow for me to

obtain a treatment effect that takes into account the illicit market. This is bexégsestimates

percentage changes in the share as opposed to providing estimates of the actual share. However,
given the consensus that the illicit market share was very low when the new tax policy started

(Bl echer, 2010, 2011) ,gest\aammall it mdrketeshare everehs periotha t e s
1995 to 2004. Thisimpliesthat my main treatment effect of 36% by 2004 is, therefore, not incredibly
overestimated.

10. Summary and conclusion

South Africa has consistentlyincreased the excise tax on tigasance 1994 largely on public health
grounds. In increasing the tax, the government has sought to maintain a total tax burden of at least
52% of the average retail selling price (the target was initially set at 50%). This has resulted in
substantial imreases in the real price of cigarettes. For instance, between 1994 and 2004, the average
real price per pack increased by 110%.

The main focus of this chapter was to evaluate the impact on consumption of this unprecedented
increase in the price of cigattes. | argued in the chapter that comparing current cigarette
consumption to cigarette consumption before 1994 was likely to overstate the impact of the tax rises.
This is because consumption had alreadigyost art ec
raising taxes began.
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The challenge in conducting impact evaluations is to create a credible counterfactual of what would

have happened to cigarette consumption in the absence of the tax rises. This chapter, therefore, used

the Synthetic Control ntbod to create such a counterfactual for South Africa. The counterfactualwas
created as a linear combination of the per capita cigarette consumption of countries similar to South
Africathat did not engage in largeale tobacco control initiatives ovérd period 1994 to 2004. Using

this counterfactual , I found that South Africa
continued declining in the absence of the tax rises. Specifically, | found that cigarette consumption
would have stabilized at aund 800 cigarettes per capita from the year 2000. Further, | found that by
2004, South Africa’s per capita cigarette consu
tax rises not happened.

South Africa’s successf f ud holdsxmaayrlessonscfer countresh t o b
particularly those in Africa, that are trying t
experience shows that significant public health dividends can be obtained by consistently increasing

the real taxon cigarettes.
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Appendix

Table:Al Treated and Untreated Countries

Treated Untreated

Australia New Zealand Argentina Ireland
Austria Nigeria Bahrain Jordan
Azerbaijan Papua New Guinea Bangladesh Kuwait
Belgium Paragiay Brazil Luxembourg
Cameroon Poland Chile Malaysia
Canada Portugal China Morocco
France Russia Colombia Norway
Gabon Saudi Arabia Costa Rica Pakistan
Germany Singapore Cote d'lvoire Panama
Guatemala South Africa Croatia Peau

Hong Kong Spain Czech Rep Philippines
Hungary Sweden Denmark Romania
Iceland Switzerland Ecuador Senegal
Israel Thailand Egypt Serbia & Montenegro
Italy Turkey Finland Sri Lanka
Japan UAE Greece Tunisia
Kenya United Kngdom India Uruguay
Korea, Rep. United States Indonesia Vietham
Mexico Venezuela Iran

Netherlands Zimbabwe

Notes: Treated countries are those whose Relative Income Prices (RIPs) increased on averag@enedth®90 to 2006.
Untreated countries are those whose RIPs declined on average over the same period. The infaom&|Bes taken from
Blecher and Van Walbeek (2009).
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Table A2Precise stimates of treatment effects

Year South Afria Synthetic Treatment | Treatment

(Consumption| South Africa | Effect Effect (%)

Sticks p.c.) (Consumption | (Sticks

Sticks p.c.) p.c.)

1990 1010 1008.86 1.14 0.11%
1991 993 991.93 1.07 0.11%
1992 947 945.58 1.42 0.15%
1993 901 899.94 1.06 0.12%
1994 883 86595 17.05 1.97%
1995 849 887.26 -38.26 -4.31%
1996 796 880.52 -84.52 -9.60%
1997 737 864.11 -127.11 -14.71%
1998 692 824.46 -132.46 -16.07%
1999 634 817.92 -183.92 -22.49%
2000 577 785.12 -208.12 -26.51%
2001 570 783.16 -213.16 -27.22%
2002 597 80177 -204.77 -25.54%
2003 495 814.90 -319.90 -39.26%
2004 521 810.86 -289.86 -35.75%

Notes: Treatment effects in the fourth column obtained by using equation (6). The last column presents treatment effects
as a percentage differenc&he source forSouthf ri ca’'s consumpti on

(ERC Group, 2010). The consumption numbers for synthetic South Africa are obtained by applying the weights in Table 2 to
the cigarette consumption numbers of the donor countries ilEal. The consumption numbers for the countiies in Table

2 are also from ERC Group (2010).
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Figure Al: Treatment effect, South Africa vs Indonesia
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