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Abstract

Oneof theconsequenced rapideconomiagrowthandindustrializationin the
developingworld hasbeendeterioratiorin environmentatonditionsandair
quality. While air pollutionis a seriousthreatto healthin mostdeveloping
countriesgnvironmentaftegulationsarerareandthe determinatiorto addresghe
problemis weakdueto ongoingpressureso sustainrobusteconomicgrowth.
Undertheseconstraintspaturalgas,asa clean,abundantandhighly-efficient
sourceof energy hasemergedasanincreasinglyattractivesourceof fuel, which
couldaddressomeof theseenvironmentahndhealthchallengegacedby these
countrieswithoutrequiringa compromiseon their economicdevelopmentln this
paperwe usethevariationacrossspaceandtime in the expansiorof naturalgas
infrastructuran Turkish provincesusingdatabetweer2001and2011.0Our
resultsindicatethattherateof increasen the useof naturalgashasresultedn a
significantreductionin therateof infant mortality in Turkey.In particular,aone
percentag@ointincreasen therateof subscriptiongo naturalgasservicesvould
causetheinfant mortality rateto declineby 4 percentwhich couldresultin 348
infantlives savedn 2011alone.Theseresultsarerobustto alargenumberof
specificationsFinally, we utilize supplementatiataon total particulatematterand
sulfur dioxideto producedirectestimateof the effectsof thesepollutantson
infant mortality usingnaturalgasexpansiorasaninstrumentOur elasticity
estimatedgrom theinstrumentalariableanalysisarel1.25for particulatematter
and0.63for sulfur dioxide.

Keywords: Infant mortality, air pollution, naturalgas,coal, Turkey
JEL Codesi10,112,115,118,010,013,Q42,Q48,Q53



I. Introduction

The pressurdo industrializeandbecomecompetitivein the globaleconomyhasoften
sidelinedconcensoverenvironmenandair pollution in muchof the developingworld.
Moreover,consumptiorof coal, which producedar morecarbonemissionghananyotherfuels,
hasrisenby nearly60 percentbetweer2000and2010,driven primarily by the surgingdemand
in developingeconomiegInternationaEnergyAgency,2013).Consequentlyair pollution
presenta formidablethreatto someof the gainsin healthoutcomessuchasinfant mortality,
achievedy thedevelopingworld overthelastseveradecadesAccording to the World Health
OrganizationWHO), air pollution is estimatedo causeapproximately3.3 million deaths
worldwide annually,mostlyin developingcountries anda significantproportionof thesedeaths
arein childrenunderage5 (WHO, 2011).The Organizatiorfor EconomicCo-Operationand
Developmen{OECD)predictsthaturbanair pollution would becomehetop environmental
causeof prematuremortality worldwide by 2050(OECD,2012).Developedcountriesjn
contrasthavemadesubstantiaprogres in improvingtheir environmentatonditionsandair
guality dueto advancesn cleanertechnologiesandstringentregulations. However these
countriesmaynotbeableto escapehe negativeeffectsof air pollution eitherasglobal
circulationpatternscantransportsometypesof pollutantsaroundtheworld.

Despitegrowing concernsaboutthe harmfulhealtheffectsof air pollutionin developing
countriesmostof the availableevidenceon the subjectcomesfrom the United Statesandother
developecourtries (e.g.,ChayandGreenstone2003ab; CurrieandNeidell, 2005;Currie,
Neidell,andSchmieder2009;CurrieandWalker,2011;Currie, GreenstoneandMoretti, 2011 ;
Knittel, Miller, andSanders2011).However,it is not clearwhetherestimate®btanedin

studiesirom high-incomecountrysettingscould serveasa reliableguideto theimpactof air



pollution oninfant healthin developingcountrieswherebaselindevelsof air pollution are
substantiallyhigher(Arceo-Gomez Hanna,andOliva, 2012;CurrieandVogl, 2012)1

Oneexplanatiorfor therelativepaucityof evidencefrom developingcountriess thefact
thatpolicy changesandenvironmentategulationsn the developingworld arerareandweakly
enforcedfailing to generateenoughvariationin air pollution levelsto detectstatistically
significanteffects(Arceo-Gomez Hanna,andOliva, 2012; Tanaka2012).In fact, thelack of
source®f exogenousariationhasbeena majorobstacleto producingcredibleestimate®f the
causakffectof air pollution oninfant healthfor bothdevelopinganddevelopedountries.This
obstaclestemsfrom thefact thatpollution is notrandomlyassignedinddifferencesn exposure
arelikely to be correlatedwith otherdeterminant®f health.Thereforeijt is possiblethatthe
associationslocumentedn muchof the earlierresearcton air pollution andhealthmayreflect
theimpactof omittedfactors,suchassociceconomicstatusthatarecorrelatedvith both
pollution exposureandhealthoutcomes.

Only recently,researcherBaverespondedo this challengeandturnedtheir attention
towardidentifying exogenousourcef variationthatcouldyield the causaimpactof air
pollution on healthin developingcountrysettings For exanple, Jayachandra(2009)studiesthe
impactof particulatematteron infant healthusingvariationin pollutantscausedy massive
wildfires in IndonesiaTanaka(2012)usesvariationin the regulationson emissiongrom power
plantsto examinetheimpactof air pollution oninfant mortality in China.ArcecGomesHanna,

andOliva (2012)exploitthe numberof thermalinversionsasaninstrumento investigatehe

! Arcec-Gomez,Hanna,andOliva (2012)discussa numberof scenariosinderwhich the estimate drawnfrom
studiesof developedtountriesmay havelimited externalvalidity to a developingcountrycontext.For example,
theysuggesthatestimategrom developedountriesmayunderestimatéhe effectin developingcountriesf the
marginalchangesn pollution aremoredamagingat higherlevelsof pollution. Alternatively,theyarguethatthe
estimatesrom developedcountriesmay overstatehe effectfor developingcountriessinceinfantsmight alreadybe
weakandmalnourishedlueto othernegativehealthshocks.



impactof air pollution on infant mortality in Mexico City. Finally, Greenston@andHanna
(2011)examinetheimpactof air andwaterpollution regulationson infantmortality in India.
This paperextendghe growingliteratureon air pollution andinfant mortality in
developingcountriesby usinga novelsourceof variationfrom Turkey. In particular,we exploit
thewidespreadeplacemendf coalby cleanefburningnaturalgasfor residentialnd
commerciakpaceheatng andcookingin Turkishprovinceswhich hasbeenmadepossibleby
theexpansiorof a networkof naturalgaspipelinesoriginatingfrom Russiain the 1980s2
Burningof naturalgasemitsvirtually no sulfur oxide,whichis a key componenbf acidrain.
Emissionsof total particulatematter,carbonmonoxide andnitrogenoxide, which causeacid
rain, smog,andcontributeto globalwarming,arealsoat muchlower quantitiesfrom burningof
naturalgascomparedo burningcoal. Firstintroducedo householdgndbusinesses Ankara
in 1988andfollowed by IstanbulandBursain 1992 ,the numberof provinceswith naturalgas
hasgrownrapidly overthelasttwo decadesAs shownin Figurel, 61 of the81 Turkish
provincesnow haveaccesgo anaturalinfrastrudcure. Onthe onehand,the expansiorof natural
gasnetworksin Turkeyhascaused:onsiderablémprovementsn air quality by reducing
emissionof pollutantssuchasparticulatematter,sulfur dioxide, carbondioxide,andnitrogen
oxides.Ontheotherhard, Turkeyhasalsoexperiencegignificantreductionsn infant mortality
rateduringthe sameperiod.For example pbetweenl990and2010,infant mortality rate(per
1,000live births)decreaseffom 33to 10. In fact, Turkeyhasalreadysurpassedneof the
Millennium Developmentsoals,which calledfor a reductionof theunderfive yearold
mortality rateby two thirdsbetweenl990and2015.NonethelessTurkeystill hasthesecond

highestinfant mortality rateamongthe OECD countriesafter Mexico.

2 Naturalgasis consideredhe cleanesenergysourceamongall fossil fuels.Burning naturalgasasopposedo other

fossil fuels emitsfewerharmful pollutants andanincreasedelianceon naturalgascanpotentiallyreducethe
emissionof manyof thesemostharmful pollutants(U.S. EnvironmentaProtectionAgency,2012).
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Thereareseverakxplanation®fferedfor the pathwayshroughwhich prenatalexposure
to air pollution canaffectinfant health.For examplejt hasbeensuggeste thatexposurdgo
pollutantslike carbonmonoxideandparticulatemattercouldleadto impairedfetal tissuegrowth
throughoxygendeprivation(Haetal., 2001;Dejmeketal., 2000;Maisonet,Correa,and
Jaakkola2004;Siddiquietal. 2008;Li etal., 2003). Theeffectsof air pollution canbe
damagingparticularlyfor youngchildren,whoselungsarenot developecandimmunesystems
areweak.It is alsoarguedthatair pollution canharmtheinfantthroughadverselaffectingthe
healthof the pregnaninather,for example py weakeningherimmunesystemwhich couldthen
be detrimentafor herfetus(Currie, Neidell,andSchmieder2008).Furthermoreprenatal
exposurdo potentatmospherigollutantssuchaspolycyclic aromatichydrocarbonsieleasedy
thecombustiorof coal,hasbeenlinked to poorerbirth outcomeslower birthweightandsmaller
headcircumferencde.g.,Pereraetal., 1998;Dejmeketal., 2000;Choietal., 2006).

Our papemakesseverakontributionsto theliteratureon theimpactof air pollution on
health.First, we provideevidenceon the effectof air pollution oninfant mortality from a
rapidly growingdevelopingcountry,which hasnot beenstudiedpreviously.Secondwe exploit
anovelsourceof variation,i.e., theexpansiorof naturalgasinfrastructure While the effectof
naturalgasuseon infant mortality is interestingn andof itself, we alsoutilize the variationin
air pollution generatedby this developmento producedirectestimate®f theimpactof air
pollution on infant mortality. Unlike mostpreviousstudiesthatrely on policy changesneasured
asbinaryvariablespur treatments in essenca continuousvariable therebyallowing adose
responseelationshipbetweerchangesn air pollution andinfant mortality. In particular,we not
only exploitthevariationin thetiming of theintroductionof naturalgasacrosgrovincesover

time, butalsoutilize thevariationin therateof expansiorof naturalgasservicesmeasuredy



thenumberof subscriberso naturalgasservicegper100personsAs shownin Figure2, the
naturalgasinfrastructurehasgrownrapidlyin Turkeybetweer?001and2011,butthetransition

is far from complete Forexamplejn 2011,therewerel1 naturalgassubscribersfor every100
personsn provinceswith a naturalgasinfrastructures About half of the naturalgasimportedin
Turkeyis usedin powerplantsto produceelectricity. Theshareof naturalgasusedby
householdsindtheindustryis about20 percenteach (Botas,2010).Third, by focusingon
provincelevel air pollution andinfant mortality, our analysismplicitly allowsfor households
which decideto switchfrom coalto naturalgasto bedifferentfrom thosewhich do notin both
observableandunobserableways,enablingusto focuson anintentto-treateffect.

Finally, studyingtheimpactof naturalgasis animportantandatimely matterbecauseas
acleanerabundantandhighly-efficient sourceof energy,naturalgashasincreasinglyemerged
asabridgefuel towardthe eventuareplacemenof carbonbasedossil fuelsby renewable
energysourcegPodestandWirth, 2009;Paltsewetal., 2011).Onthe onehand,the mounting
energydemandby emerginganddevelopingeconomiesike Brazil, China,Indonesia, Mexico,
andTurkeypresenta seriouschallengeagainstkeffortsto addresglobalclimatechangeOnthe
otherhand,reducingemissionghroughenvironmentategulationsdoesnot seento beaviable
optionin the nearfuture becaus®f steadfastefusal by manyof thesecountriesto committingto
legalobligationsandsettingemissiongargets.Therearealsochallengedo effective

enforcemenbf regulationgdueto weakgovernancenotto mentionthe costsinducedby

s NaturalgassubscriberéncludebothhouseholdsindbusinessesAssumingthatthereareroughlyfour personger
householdandonebusinesgstablishmenper 10 personsthe maximumnumberof householdandbusinessunits
with naturalgascouldbe 35 per100 personsThen,11 subscriptims per 100 personsvould correspondo a
penetratiorrateof about31 percentOf course therearevastdifferencesacrossprovincesn the distributionof the
numberbusinessedn moreurbanizedprovinces(e.g.,IstanbulandAnkara),therewould be a larger numberof
businessstablishmentpercapitaandtheremayalsobefewerpeopleliving perhouseholdin thatcasethe
maximumnumberof householdandbusinesaunits percapitawith a subscriptiorto naturalgasservicesvould be
higher.For example For instanceijf thereare3 individualsliving in perhouseholdandthereare2 business
establishmentfor every10 persondiving in the province,the maximumnumberof householdandbusinessinits
with accesgo naturalgaswould beabout53 per100persons.



regulatingemissionevelsandthe corruption(GreenstonandHanna,2011;Jayachandran,
2009).Underthesecircumstanceqjaturalgasservesanincreasinglyimportantfunctionfor
effortsto reduceglobal carbonemissionswhile allowing the developingcountriesto sustain
theireconomiadevelopmentithout havingto resortto strict regulationst A numberof studies
havealreadyconsideredhe economidmpactof the expansiorin the naturalgasinfrastructure
(Boxall, Chan,andMcMillan, 2005;Shahidehpouftu, Wiedman,2005;Jacquet2011;
McMillen andPrakash2011).But a full accountof theimplicationsof this developmenalso
requiresa thoroughexaminatiorof its effectson environmentandpublic health.

We beginwith estimatinga reducedorm modelto documenthatthe penetratiorof
naturalgasservicesacrosrovincesovertime hascaused significantreductionin infant
mortality. In orderto accountfor omittedvariablesthatcould be correlatedwith boththe
expansionof naturalgasnetworksandinfant mortality, we controlfor varioustime-variant
provincecharacteristicén our models.Furthermorewe includeprovinceandyearfixed effects
alongwith provincespecificlinearandquadratidime trendsaswell asregionby yearfixed
effectsin our empiricalmodels.Our estimatesndicatethata onepercentag@ointincreasen
therateof subscriptiongo naturalgasservicesvould resultin a4 percentdeclinein infant
mortality rate,which couldtranslatanto approximately\848infant lives savedn 2011alone.
Next, we showevidencehatthe reductionsn infant mortality associatedvith the penetratiorof
naturalgasservicesaredrivenby theimprovemenin air quality. In particular,we use
supplementatiataon total particulatematterandsulfur dioxide availablefor a subperiodof our

analysisto producedirectestimate®f theimpactof improvedair quality associatedvith the

N Naturalgasis playinganincreasinglysignificantrole not only for Turkey but othermajoreconomiesncluding
China,Brazil, andiIndia (e.g.,Jiping,2010;DeShazol adislaw,andPrimiani,2007;U.S. Energylnformation
Administration,2011).



adoptionof naturalgason infant mortality. Our elasticityedimatesfrom this instrumental
variablesanalysisarel.25and0.63for particulatematterandsulfur dioxide, respectively.
Therestof the paperis laid outasfollows. In Sectionll, we providesomeinformation
onthe expansiorof naturalgasnetworksin Turkey.We thendiscussour datain Sectionlll and
methodsgn SectionlV, followed by theresultsin SectionV. We providea brief conclusionin

SectionVI.

II. Developmentof Natural GasNetworks in Turkey

The Turkisheconomycurrentlyrankedthe 18nlargestin theworld, hasundergonex
majortransformatioroverthelasttwo decadesThis transformations markedby rapid growth
andstructuralchangessuchasprivatizationof stateenterprisegndintegrationinto the
Europearnion andtheglobaleconomy.However,T u r k emergencasaneconomigower
hasbroughtwith it concernson environmentahndhealthdegradation. Concurrentvith the
strongeconomicgrowth,energyusehasincreasedgharplyandenergyrelatedcarbonemissions
havemorethandoubledsince1990.Accordingto estimategrom the OECD, excessiveSOz
emissionsn theearly1990smight havecausedn exces®of 3,000deathsandrestrictedactivity

daysof aboutsevenmillion annually(InternationaEnergyAgency,2005).

T u r k recodition asa candidatdor Europeartnion membershipn Decembefd 999

andtheaccessionalksthatstartedn 2005havebroughtthec o u n envinproinentatecord

underincreasedcrutiny. This hasled to the Turkishgovernmenputtinga numberof
legislatonsandregulationdgn placeto improveenergyefficiencyandaddresgnvironmental
concernsincludingflue gasdesulfurizatiorrequirement®n all newly commissioneaoakfired

powerplants,newby-lawson air pollution controlfrom heatingin 2005,2007, and2009,the



ratification of the Kyoto protocol,andsettinga unilateraltargetfor carbonemissionsntroduced
by the 2009NationalClimate ChangeStrategy(InternationaEnergyAgency,2009).
Furthermorethe useof leadedga®line wasbannedn 2004.Notethatall of thesdawsand
regulationshavebeenatthe nationallevel andenforceduniformly everywheren Turkeys While
thesemeasurefiaveresultedn considerablémprovementsn air quality, emissionstandardsn
Turkeyremainsignificantlylessstringentthanthosecurrentlyin placein Europearcountries.
During the sameperiod, Turkeyhasalsointensifiedits effortsto diversify its energy
portfolio andensuresufficientenergyfor its rapidly growingeconomy.Theseeffortshaveled to
anexpansiorof naturalgasnetworksacrossT urkish provinceswhich havethenfacilitatedthe
migrationfrom coalto naturalgasfor spaceheatingandcookingpurposedy dwellingsand
businesseslustbetweer2004and2007 licensesvereawardedo privateinvestorsfor building
andoperatingi g r e e mdsdistibbutionsystemsn 26 additionalprovincess Consequently,
naturalgasconsumptiorhasrisenrapidly sincetheendof 1990sandthelevelsof SOz have
declinedmarkedly(Kaygusuz,2007).While the numberof householdsisingsolid fuel like coal
hasdeclinedmarkedly,naturalgasusehasgoneupz Currently,41 percentof householdén
Turkeyrely on solid fuels (mainly carbon) while anothe0 percentuseeithernaturalgasor

hybrid systemghatusebothnaturalgasandsolid fuels (Guidefor Understanding urkey,

2010)s

T u r k dogepreximity to someof thew o r lladgéstaturalgasproduceras

especiallyplayedanimportantrole in assistinghis migrationtowardnaural gas.In fact, most

° Turkeyhasa centralizedgovernmentasystemandlaws aretypically legislatedandimplementedat the national
level.
6

Numberof provinceswith naturalgasinfrastructureby yearis asfollows (2001to 2004:5 provinces;2005 13
provinces;2006:20 provinces;2007:31 provinces;2008:36 provinces;2009:54 provinces;2010:60 provinces;
2011:61 provinces).

7

For example since1990,the householdconsumptiorof coalhasdoubledwhile the consumptiorof naturalgashas
gore up by 142times(350Ankara,2012).
8

Theremaininghouseholdsiseothertypesof energy suchaselectricityandsolarsystems.
10



naturalgasis travelledto Turkeyvia a naturalgasgrid, connectedo severabf its neighboring
countries(seeFigure3). Togetherthesepipelineshavea capacityof 48.8billion cubicmeters
(bcm).Over60 percenof thenaturalgasusedin Turkeyis exportedirom Russiawhich arrives
in Turkeyvia two routes first onecomingthroughthe Blue Streampipelinethatcrosseshe
Black Seaandthe otheronetravelingvia the WestGasPipelinethroughBulgaria. The capacity
of thesetwo pipelinesis about30 bcm. Anotherpipelinewith a capacityof 8.8 bcmis with
AzerbaijanthattravelsthroughGeorgiavia the BakuThilisi-Erzurumpipelinethatwaslaunched
in 2007 (InternationaEnergyAgency,2011).Thethird connectioris to Iran with a capacityof
10 bcmof naturalgas.In 2010, Turkeyimported38 mcmof naturalgas,anincreaseof 8.6
percentcompaedto 2009.Pipelineimportsaccountedor 79 percentof this total, while the
remaining21 percentransmittedn liquefiedform, mainly from Azerbaijan Algeria, and
Nigeria(InternationaEnergyAgency,2011).

The gasindustryis regulatedoy the EnergyMarketsRegulatoryAuthority in Turkey.
Althoughthe majority of the marketis opento privatecompetition theindustryis currently
dominatedoy the stateownedPetroleunPipelineCorporationBOTAS), which alsobuildsand
operategjaspipelinesin Turkey. Themonopolypowerof BOTASoverT u r k maturdlgas
marketendedn 2007with Shellbecominganimportantplayerin distributingsomeof the
naturalgasimportedfrom Russia(EnergylnformationAdministration,2011).

Accordingto statisticsfrom the InternationaEnergyAgency,thetotal consumptiorof
coalandpeatin Turkeyincreasedrom 11 Million tonsof oil equivaleni{Mtoe)to 14 Mtoe
betweer2000and2010,while thetotal consumptiorof naturalgasalmosttripled from 4.9 Mtoe
to 13.1Mtoe during the sameperiod(InternationaEnergyAgency,2012).Similarly, theshare

of naturalgasin electricity productionincreasedrom 37 percentn 2000to about46 percentn
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2010.During the sametime, the shareof coalandpeathasbeenrelatively stable exhibitinga
smalldeclinefrom 31 percento 26 percentParallelto the fluctuationsin the world marketsthe
naturalgaspricesfor household$iasincreasedgharplyduringthatperiodfrom 259.3to 526.4
dollarsper10r kcal on agrosscalorific value(InternationaEnergyAgency,2011).In termsof
residentiause the demandor naturalgasexhibitedanaveragancreaseof 28 percentbetween
1990and2009,while thedemandor coalincreaseanly by 3.6 percent(Internatioral Energy
Agency,2011).Similarly, theaverageannualincreasen theindustrialuseof naturalgashas

beenl0.6percenttomparedo only 1.5 percenfor coalduringthatperiod.

lll. Data and Descriptive Statistics
TimeVariant ProvinceCharacteristics

We controlfor avectorof time-variantdeterminant®f infant mortality in our empirical
models.Thesevariablesareat the provincelevel andincludehospitalsandhospitalbedsper
100,000personspercentwith ahigh schooldegreepercentwith a college degreenumberof
studentgperteachein secondangchoolshumberof motorvehiclesper1,000persons,
unemploymentate,numberof physiciangper100,000personsincomepercapitaat the sub

regionallevelg anindicatorvariablefor whetherthe provincehasa Family PhysicianProgranmo

andanindicatorvariablefor whetherthe partyaffiliation of thep r o v i electeeh@agoris the

° Accordingthe Turkish Statisticallnstitute, Turkeyis classifiedinto 12 regions,26 subregions,and81 provinces.
The Turkish Statisticallnstituteis the major governmentainstitute,which collectsandprocessesatafrom a variety
of differentsourceon numeroudopicsrangingfrom agricultureto health.Seehttp://www.turkstat.gov.tfor more

information.
10

TheFamily PhysicianProgramaimedto provideprimarycareservicego the needy startedasa pilot programin
theprovinceof Duzcein 2005andwaslaterexpandedo all of the 81 provincesby 2010.
http://ailehekimligi.gov.tr/english/index.php/geaginformation/familymedicinein-turkey
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sameasthe partygoverningTurkey: Informationon the Family PhysicianProgramcomesfrom

theMinistry of Health.Theremainingcontrolvariablesareobtainedrom the Turkish Statistica
Institute.

Table1 showsthe meansandstandardieviationsfor thesecharacteristicsThefirst
columnpresentshe descriptivestatisticsfor the full sample.The descriptivestatisticsfor all
provinceyearobservationsvithout acces¢o naturalgasare displayedn column(2) andthose
with accesgo naturalgasaredisplayedn column(3). Thedescriptivestatisticsfor the
subsampl®f provinceshathasneverbeenintroducedo naturalgasduringour analysisperiod
areshownin column(4) andthosethathavegainedaccesgo naturalgasat somepointduring
thatperiodareshownin column(5).

As illustratedin Table1, provinceswith andwithout accesdo naturalgasdiffer from
eachotherin anumberof characteristicg-or example provinceswith naturalgasaremore
likely to havea mayorwhosepartyaffiliation is the sameastheruling party. Thisis not
surprisingin a countrywherethe centralgovernmentontinuego maintaincontrolover
decisionsnresourcallocationsandlocal investmens. Provinceswith accesso naturalgas
alsohavehighernumberof motorvehicles percapitaincome hospitalbedsandphysicians,
individualswith collegeeducationandpopulation,in additionto a higherlikelihood of havinga
family physicianprograminitiatedin the provinceby the governmentAgain thesedifferences
areindicativeof thefactthatnaturalgaspenetratioris morelikely in provinceshatare
wealthier,moreurban,andwith moreeducategopulationsOn the otherhand thereis no

differencan unemploymentatebetweerthetwo typesof provinces.

" Inthe periodbetweer?001-2011, Turkeyhadthreegeneraklections(2002,2007,and2001)andtwo local

elections(2004,and2009). The membersf the Turkish Parliamentareelectedn generakelections andprovince
andtown mayorsareelectedn local elections.
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Adoptionof Natural Gasin Turkey
Dataon naturalgasvariablescomefrom the Dogal GazDergisi(the Turkish NaturalGas

Journal)2 As shownin Figurel, the numberof provinceswith naturalgasinfrastructurevas

only five in 2001.This numbergrewsubstantiallyin the following tenyearsand,by 2011,61 of
the81 Turkish provinceshadaccesdo a naturalgasinfrastructure.sNote thatthereis
consterablevariationin therateby which naturalgashasexpandedcrosgprovinces.To
illustrate,we showthe expansiorof naturalgasinfrastructurefor six selectprovincesjncluding
Istanbul,lzmir, Bursa,GaziantepKocaeli,andErzurumin Figure4. Note thatthefirst four of
theseprovincesareamongthetop tenin termsof populationwhile the lasttwo aremedium
sizedprovinces.Thefigure showsthatthereis considerableariationacrosgrovinceshothin
termsof theyearof adoptionandthe growth of the naturalgasinfrastructure.

As mentionedpreviously,naturalgasis importedfrom mainly Russiaanda few other
countrieshroughpipelinesthatareoperatedy the stateownedcompany BOTAS, andis
transmittedo individual provincesby privatedistributioncompaniess Thesecompaniesre
responsibldor providingthe public with cleanburningnaturalgasby establishingandoperating
all infrastructurafacilities for the utilization of naturalgas.As shownin Figure5, gasarriving
in regioral regulatorss fed into polyethylenepipes,which carrythe gasto the serviceboxeson
streetsandin front of buildings.Both theregionalregulatorsandthe serviceboxescontain
securityvalvesto cut off gasflow in the eventof anemergency.

Thereareanumberof factorsthatdeterminethereasonsvhy certainprovinceshave

adoptedhaturalgasearlierthanothersandwhy therateof penetratiorhasbeendifferentacross

12
Seel :

13 AppendixTablel presentshelist of provinceswith naturalgasinfrastructureby 2011alongwith theyearof
adoptionandnaturalgassubscriptiorratesin 2011.
14

Forexamplethe companiesn chargeof distributionin thethreelargestprovinces Istanbul,Ankara,andlzmir
arelgdas Baskentgazandlzmirgaz,respectively.
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theseprovincesoncetheyadoptit. Firstof all, whethera householdswitchesto naturalgasfor
heatingandcookingpurposesftera provincehasaccesso naturalgasis largelyvoluntary,
Applicationsfor subscribingo naturalgasservicesaremadeto thedistributioncompanieither
by ownersof individual housingunitsor businessesyr jointly astheresidentof a multi-unit
building. If thereis no naturalgasservicebox onthe streetof the applicantthendistribution
companiesnstall oneon their scheduleln buildingswith centralheatingsystemsaisinganother
type of fuel, amajority decisionamongtheindividual residentss requiredin orderto changehe
systento eitherindividual or centralheatingwith naturalgas.Similarly, in buildingsusing
individual heatingsystemswith anotheitype of fuel, theresidentsyho wantto preservehe
individual systembut wantto switchto naturalgas,needto takea majority decision Thereis a
onetime subscribeconnectiorfeethatcoversthe costof connectingheinternalsystemwith the
distributionnetworkwithin the buildings,includingthe gasmeters Thefeeis determinedn
accordancevith the naturalgasmarketregulationsandcannotexceed315 TurkishLiras or about
177U.S.dollars.

In termsof the variationin thetiming of provincelevel adoption thefactorsassociated
with demandsuchasthe numberof housingunits (or the populationsize)andtheclimate,
appeato play animportantrole (ArasandAras, 2005).This is not surprisingbecauseas
mentionedpreviously,the companiesesponsibldor establishingandrunningthe natural
infrastructuran provincesareprivatelyowned.Thus,it is not surprisingthathighly populated
provincedike Istanbul,Ankara,andBursaareamongthe earlyadoptersHowever thereare
alsoexceptiondike Izmir, which, despitebeingthethird largestprovincein termsof population,
wasintroducedo naturalgasin 2007,possiblydueto its relativelywarmerclimateandlonger

distanceto mainpipeline.Furthermoretheinvestmenin infrastructurerequiredto expand

15



naturalgaslinesto individual provincess very costlyandoftentakesmanyyearsto recover.
Thus,simultaneousindwidespreaddoptionis not feasible.Undersucha constraintthe
conditionsof theterrainandgeographigroximity to main naturalgasportsbuilt andoperated
by the stateownedBOTAS alsoappeato beimportantfactorsdeterminirg the orderby which
provincesadoptnaturalgas.For example manyof theremainingprovinceswithouta natural
gasinfrastructurearein thefar easterrandsoutherrregionsof Turkey,areaghatareboth
mountainougnddistantfrom the mainports.

To understandheimportanceof selectionon observablesye run regressionmodelsfor
thebinaryoutcomeindicatingwhethera provincehasnaturalgason a numberof provincelevel
characteristicalongwith yearandprovincelevelfixed effects.As shownin AppendixTable2A,
therearefew observablalifferencesetweerprovinceswith accesgo a naturalgasnetworkand
thosewithout accesso one.However,columns(2) to (4) indicatethatcontrollingfor province
fixed effects,alongwith provincespecificlinearandquadratidrends,doesa goodjob of causing
thesedifferencedo disappearThe p-valuefrom an F-testfor joint significanceof all the control
variabless 0.44in column(3), which controlsfor provincespecificlineartrends. Theonly
statigically significantindividual coefficientin this modelis of thelog of motorvehicle
ownershippercapita.ln columns(4) and(5), wherewe addquadratidrendsandregionby year
specificfixed effects,noneof the observablegrestatisticallysignificanteitherindividually or
jointly. In AppendixTable2B, we presenestimategrom similar regressiongxceptthatthe
outcomevariableis abinaryindicatorof the presencef a naturalgasinfrastructureratherthana
continuousmeasuralefinedasthe numberof subscriberso naturalgasserviceger capita.
Again, noneof the observableharacteristicsonsideredn this analysisarestatistically

significantindividually or jointly oncewe accountfor provincespecificquadratidrendsin
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column(4). We havealsorun regressionsf the binaryindicatorof naturalgasinfrastructureand
therateof naturalgassubscriber®n eachof the controlvariables Theseresultsareshownin
AppendixTables4A and4B. While manyof the controlvariablesaresignificantlyassociated
with the presencef a naturalgasinfrastructureor the naturalgassubscriptiorratein column
(1), thesedifferencedbecomeinsignificantoncewe addprovincefixed effectsalongwith

provincespecifc linearandquadratiarendsandregionby yearfixed effectsthroughcolumns

(2) and(5).15

Infant Mortality Ratein Turkey

It is well knownthatin manydevelopingcountries pfficial statisticson deaths,
especiallyamonginfants,areincomplete(e.g, GreenstonandHanna,2011;Gruberetal.,
2012;VictoraandBarros,2001;AnthopolosandBecker,2010;Beckeretal., 1998;Anderson
andSilver, 1986).Thereareusuallywide differencesn theinfant mortality ratesreportedoy the
nationalstatistica offices of individual countriesandthosereleasedy internationakgencies
suchastheWHO. Notethatthe underreportingis mostlyonesided.,i.e., therearefar more
unreportednfant deathghanunreportedive birthsthatsurvivethefirst yearin life (Anthopolos
andBecker,2010).The statisticscompiledby theseinternationakgenciesisuallyadjustfor
underreportingby combininginformationfrom variousdemographisurveys censuslata,the
official vital statisticsregistries andby usingmodelingassumptiongn anattemptto reducethe

impactof underreporting(Gruberetal., 2012;Lopezetal., 2001).The underreportingn the

* Notethatour identificationstrategydoesnot requirethelevelsin infant mortality ratesbetweerprovinces with

andwithout naturalgasto be equalprior to adoptionof naturalgas.Rather it assumeshat,in theabsencef natural
gasadoption theratesof infant mortality could havetrendedsimilarly betweerthe two typesof provinces.
Neverthelesswe allow thesetrendsto bedifferentby accountingor provincespecificlinearandquadratidime
trends.Therefore conditionalon the time-variantcharacteristicdjxed effects,provincialtime trends we are
assessingvhethermprovinceswith a morerapid penetratiorof naturalgasalsoexperienceé morerapid decreasén
infant mortality thanotherprovinces.
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official statisticds drivenby a numberof factors.For example manydeathsgspeciallythose
thatoccuroutsideof a hogital whererisksarehigher,go unrecordedGruberetal., 2012;
Tangcharoensathiestal., 2006;AnthopolosandBecker,2010).Underreportings particularly
widespreador homedeliveriesandwhenthenewborndiesonly avery shortperiodafterbirth.
In fact, it is not uncommorfor midwivesto announceleathsasstillbirth ratherthanalive birth
followed shortlyby death,in aneffort to showrespecto a grievingfamily (Anthopolosand
Becker,2010).In countriedike Turkey,in accordancavith thelslamictradition,thedeadare
usuallyburiedshortly (typically beforesundownor within hours)after death which might also
exasperatéhe underregisteringof infantdeaths.

We obtainedprovincelevel infant mortality datafrom the Turkish Statisticallnstitute

(TUIK) betweernyears2001and2008andTurkishCensusBBureaufor the 2009and201116Our

analysissampleconsistof 877 provinceyearobservationbetweer2001and201117As shown

in Tablel, theaveraganfant mortality rateacrossall provincesandoverthe periodof 2001and
2011is9.27. However the averagaenfant mortality rateis higheramongprovinceyear
observationsvith naturalgasthanamongwithout naturalgas.Similarly, thereis asharp
differencein infant mortality ratebetweerprovinceswhich wereintroducedo naturalgasand
thosewhich neverhadaccesgo naturalgasduringour sampleperiod.

As it is the casein manyotherdevelopingcountriesthereappeardo be anissuewith the
underreportingof infantdeathdn Turkey. To illustratethisissue we presentheaverage
annualmortality ratesfor Turkeyfrom threedifferentsourcesn AppendixTable3. Thefirst two

columnsreportthe averagamortality ratesbasedn estimategrom the WHO andthe United

% The mortality recordsat the provincelevel betweer2009and2011werenot availablefrom the TUIK atthetime

this researctlwasconductedHowever,we wereableto obtaindatafor thesethreeyearsfrom the Turkish Census
Bureau.Thedatafrom thetwo sourcesarelargely consistentMoreover yearfixed effectswould accountor

differencesdn thedatacollectionprocedurebetweerthetwo agenciesf suchdifferencesexist.
17

Fourteerobservationsvith missinginformationon infant mortality aredroppedirom theanalysis.
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Nations.Thethird columnshowsthe infant mortality rateobtainedfrom the TUIK. 1s Note that

provincelevel dataon infant mortality do not existfrom the WHO andthe United Nations.
While the nationalrecordsfrom the TUIK arelower thanthosefrom the two othersourcedor
everyyear,thetrendsin the TUIK andtheothertwo seriesaresimilarandthe pairwise
correlationsarevery high. In fact, the pairwisecorrelationis 0.97for boththe serieshetweerthe
TUIK andthe WHO seriesandthe TUIK andthe United Nationsseries Furthermorethe
measuremerdgrror (or underreporting)in the infant mortality ratedataobtainedfrom TUIK is
notasourceof concerrfor our analysisaslong asit is not correlatedwith theadoptionandthe
rateof penetratiorof naturalgasby Turkishprovinces As we discussn greateretailbelow,
evenundera scenariovheresuchcorrelationsareplausible the provincespecificlinearand
guadratidrendsin additionto provincefixed effectsincludedin our modelswould capturethose

correlations.

I\V. Empirical Framework
The neteffectof therateof naturalgaspenetratioron infant mortality ratecanbe

summarizedy thefollowing empiricalmodel:

IMRpt= Xptbo+ BiNGpt + b, 1)

' For exampleGruberetal. (2012)studythe effectsof a healthcaregeformimplementedn Thailandon a health
careutilization andinfant mortality. Theinfant mortality ratesthatthey obtainedfrom the ThailandMinistry of
Public Healthexhibit largedifferencesdrom thosereportedn the World Bank DevelopmentndicatorDatabaseAs
theyreportin Table4, thevital statisticsregistryestimatesrelower thanthoseof the World Bankby a factor of
about2.5.1n arecentpaperexaminingtheimpactof environmentalregulationson infant mortality in India,
GreenstonandHanna(2011)reportthatthe city-level infant mortality datathattheyuseareabouta third of therate
measuredrom surveymeasuresf infant mortality rates.In the absenc®f dataon infant mortality from Indonesia,
Jayachandra(2009)imputesdeathdromfi mi s & i in Ig oh the200®Census.
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wherelMRptrepresentthe naturallogarithmof theinfant mortality ratein provincep andyear
t.19Our primary measureof naturalgaspenetrationNGypt, is the numberof naturalgasservice
subscriberper 100 personsThe numberof subscriberss the total numberof householdand

businesainitswith accesgso naturalgas.We alsopresentesultsfrom a binarytreatmet model,

wherethetreatmenis definedaswhetheror notthe provincehasa naturalgasinfrastructurexo
Xptis a setof exogenousleterminantsf infant mortality describedabove The Gis the
unobservedieterminant®f infant mortality.

The coefficientof interestin equation(1) is b1, theimpactof therateof penetratiorof

naturalgason infant mortality rate.However the causainterpretatiorof the coefficientba is

complicateddueto omittedvariablesthatarelikely to be correlatedwith both the availability of
naturalgasinfrastructureandinfant mortality. For example asshownin Table 1, provinceswith
naturalgasinfrastructurearemorelikely to be urban,industrial,andwith moremotorvehicles
percapita.Thus,theseprovincesmayalso havehigherlevelsof infant mortality despitehaving
anaturalgasinfrastructureln orderto controlfor the effectof thesefactors,we rely onthe

longitudinalnatureof our dataandincorporatea seriesof fixed effectsinto equation(1):

IMRpt= Xptbo+ BiINGpt + ¥p+ ae+ G+ Gpt+ Ut )

It is commonto usethelog of infant mortality rateasopposedo thelevelin similar contexts(e.g.,Murtin, in

press;Ruhm,2000; Tanaka2005;Farahanetal., 2009; AnandandBaernighauser2004; Flegg,1982;Jamisoret
al.,2004).Thoseprovincesin thetreatmentategorythatalreadyhavesmalllevelsof infant mortality ratemay
experiencenly smallimprovementsn theirinfant mortality ratein responseo the adoptionof naturalgas.This
maybein contrasto provinceswith high levelsof infant mortality rate,which mayexperiencdargeswingsin
infant mortality. However,we alsoestimateour modelsusingthe level of infant mortality rateasthe outcomeand
theresultsfrom thesemodelsarevery similar to thosepresentedhereandareavailablefrom theauthorsupon

request.
20

We alsoexperimentvith the naturallogarithmof the numberof unitswith naturalgasper 100 personsNotethat
thenumberof subscriberss zerofor eachprovincein thetreatmengroupbeforethetreatmenstarts. Thus,we
replacethezerosby onein orderto preserveheseprovince*yeambservationsn theanalysis Theseresultsare
similar to thosepresentedhereandareavailablefrom the authorsuponrequest.
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In equation(2), the¥pis asetof binaryindicatorsfor eachprovince,which captures

permanentlifferencesacrosgrovinces Thesedifferencesnayberelatedto factorssuchasthe
geographigroximity to a majorhospital,hospitalquality, culture,statusof women,climate,

religioustendenciesandethniccompositionwhich maybe correlatedwvith bothinfant mortality

andap r o v itmansigobtesnaturalgasinfrastructure Thesefixed effectsalsoaccountor

provincespecific time-invariantsourceof measuremerdrror. Theatis a vectorof binary

indicatorsfor eachyear,representin@ny nationwidetrendsandshocksthatmayinfluenceinfant
mortality, suchasrecessionandchangesn environmentalawsandregulatonsnationrwide
(e.g.,thebanontheuseof leadedgasolinein 2004andthenationalbanon indoorsmokingin
public placesin 2009).

However,someof the unobservedlifferenceshetweerprovinceswith andwithout
naturalgasmaybetime-variant.To accoun for suchdifferencesgquation(2) alsocontrolsfor
provincespecificlinearandquadraticime trendsasdenotedoy (tand Gpt. Adding thesetrend
variablesto the modelin additionto controllingfor provinceandyearfixed effectsalsorelaxes
the paralleltrendsassumptiorof the simpledifferencein-differencemodel. Relaxingthis
assumptions importantbecausdt is likely to beviolated.Forexampleijt is possiblethatmany
provinceshatadoptechaturalgaswereexperiencinga worsening(or aslowerdecreasén)
infant mortality ratecomparedo othercities. In fact, this s likely if theseprovinceswere
increasinglybecomingurbanandwereexperiencingapidindustrializationa development
which might haveput pressuren the officials to investin naturalgasinfrastructuresThus,
equation(2) accountdor differencesacrosgprovincesn bothlevelsandtrendsin therateof
infant mortality, andidentifiesthe effectof naturalgasasdeviationsfrom thosetrends Finally,

we furthereniich the specificationn equation(2) by controllingfor regionby yearfixed effects
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thatwould accountfor anyspilloversto neighboringprovincesaswell asanytime-variant

differencesn unobservedheterogeneityhatarecomma to provinceswithin aregion.21

Underreportingin Infant Mortality Rate
As mentionedabove underreportingin infant mortality rateis unlikely to causea
problemin ouranalysisTo illustratethis point moreformally, supposehatthetrueinfant

mortality rateis IMRpt*. Thenthe observednfant mortality ratecanbe expresseds

|MRpt:|MRpt*-kpt,

wherelMRpt*=Actual_Deaths/Live_birthst, IMRp=Reported_DeathélLive birthst; and
kp=Unreported_Deathélive birthst. Thereforetheerrortermin equation(2) canbe rewritten

ase= Gpt- kpt, wherelptis thetrue errorterm. As long asthe measuremergrror (or under

reporting),kpt, is uncorrelatedvith the NGpt, the b1 will beanunbiasedestimateof theimpactof

naturalgaspenetratioron infant mortality rate.We cannotthink of plausiblescenario$o suggest
suchacorrelation. Oneargumentouldbethattheremaybe a positivecorrelationbetweerthe
adoptionof naturalgasandoverallquality in governmenservicesn healthcare.A failure to
accounffor suchheterogeneityvould causethe estimateof b1 to bebiasedupward.However if
theimprovedquality of carein hospitalsresultsin anincreasegroportionof birthsdeliveredin

hospitalsratherthanhomesthenthe extentof unde-reportingin theinfant mortality shouldgo

2 Thebusiereconomicactivity in certainregionslike Marmara,whichincludesmajorurbanandindustrialhubslike

Istanbul,Bursa,andKocaeli,mayhaveeffectson all the provinceswithin thatregion.For example Bursaand
Istanbulareconnectedo eachotherthroughhighly congestedoutesthathaveto passthroughYalova,a smallerand
lessurbanprovincewithin the sameregion. Therefore anyair pollution, for examplecausedy thetraffic
congestiorbetweerBursaandlstanbul,mayalsocontaminateheair in Yalova. Controllingfor regionby year

fixed effectswould mitigateconcernsaboutthe aggregateffectsof thesefactors.
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down.In essenceynderreportingshouldbe nearzeroif all birthsaredeliveredat hospitalsin
thatcase pur estimateof b1 would be biaseddownward.Notethat,in all of our regressionsye
controlfor thenumberof hospitalshospitalbeds,andphysicianger capitaat the provincelevel
aswell asanindicatorfor whetherthe provincehasadoptedhe Family PhysicianProgram Also
the provinceghatswitchto naturalgasaretypically moreurbanandhigherincomethanothers.
It is likely thata smallerproportionof birthsaredeliveredat homesthanhospitalsin these
provincesrelativeto low-incomerural provinces.This would suggesthatunderreportingends
to belargerin poorandlessurbanprovinceg/AnthopolosandBecker,2010),butthesearealso
the provincedesslikely to haveaccesgo a naturalgasinfracturture Onemayalsoarguethat
theimprovementin the quality of healthcareservicestself mayaccountfor someof the
reductionin infant mortality rate.Note thatwe furtherguardagainstanybiasfrom suchomitted
factorstha maybe correlatedwith bothinfant mortality andthe adoptionandexpansiorof
naturalgasservicesacrosgprovincesby controllingfor provincefixed effectsandprovince
specificlinearandquadratidime trendsin all of our models.In addition,we includeregionby
yearfixed effectsin ourrichestspecificationlf anything,our estimateof theimpactof natural
gassubscriptiorrateon infant mortality rategetsonly slightly largerwhenprovincespecific
trendsandregionby yearfixed effectsareaccountedor. Similarly, it mayalsobearguedthat
naturalgaspenetratiorcouldleadto increasegwarenesamongthe public, pregnanivomenin
particular,of the harmful effectsof air pollution andthus,reducetheir exposureo air pollution
by engadng in avoidanceéehavior Althoughthereductionin infant mortality canstill be
attributedto the treatmentthe mechanismsvould bedifferent.In anycase provincespecific
linearandquadratidrendsalongwith regionby yearfixed effectswould alsocontrolfor these

unobservables.
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InstrumentaVariables

The estimategrom equation(2) would yield the reducedorm impactof naturalgas
adoptionon infant mortality rate. Theseestimates@renovelandinterestingn their ownright.
Next, we supplemenbur empiricalframeworkwith structuralequationsisingdataonthe
measuresf two typesof air pollutants,ncluding particulatematter(PMao) andsulfur dioxide
(SC2). We obtainedthesemeasure$rom the Turkish Ministry of Hedth.22 Notethatwe have
thesemeasuresnly for the subperiodof 20022010for anunbalancegbanel.ln particular,we
have490and485yearandprovinceobservation®n particulatematterandsulfur dioxide,
respectivelys The descriptivestatisticsn Tablel indicatethatthe averagdevelsof particulate
matterandsulfur dioxide arelowerin provinceshathaveaccessetb a naturalgasinfrastructure
atsomepointduringour analysisperiod,althoughthe differenceis statisticallysignificantonly
for the particulatematter.However the averaggarticulatematteris higherin provinceyear
observationsvith a naturalgasinfrastructurehanthosewithout a naturalgasinfrastructure,
while the oppositeis the casefor sulfur dioxide.

Notethatanappropriatecausaimodelfor theimpactof air pollution oninfant mortality

ratecanbeexpressedsfollows:

IMRpt= Xpt o+ Y1 Ppt+ ¥p+ Sp+ th, (3)

wherePgtis naturallogarithmof oneof thetwo air pollutantmeasuredn this model,the p1is

interpretedastheimpactof air pollution oninfant mortality rate.Note thatequation(3) accounts

22 . - . .
Air pollution measuresirethe averagesomputedat the provincecentersin calculatingannualaverages,

measurementaretakenfor aminimumof 21 days for eachmonthfor atleastnine months.
23

Most of the missingobservation®n pollution variablescomefrom the periodprior to 2007.
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for permanentlifferencesacrosgrovincesandnationwidetrendsthroughprovincefixed effects
andyearfixed effects,respectively.
Next, supposeherelationshipbetweerair pollution andnaturalgaspenetratiorrateis

determinedy thefollowing first-stageequation:

Ppt= Xpt’O+ ’ 1NGpt+ ¥p+op+ Opt. (4)

Equationg3) and(4) imply thereducedorm relationshipbetweerthe naturalgas
penetratiorandinfant mortality rateexpressedh equation(2). Thenthereducedorm effectof
naturalgaspenetratioron infant mortality rateis b1 = p1* “ 1. The causakffectof air pollution
oninfantmortality rateis thenestimatedusinganinstrumentalvariablesmethod.Theidea
underlyingthis approachs thatthe variationin NGptis exogenou®ncewe accountfor fixed
effects.Note thatanotheradvantagef theinstrumentalariablesstratey in this contextis that

it would likely minimize biasfrom classicaimeasuremergrrorin air pollution.

V. Results

Table2 presentsesultsfrom the estimationof equation(2). Eachcell in thetable
representthe estimateon the numberof subscriberso naturalgasserviceger100personsand
its standarcerror. Standarcderrorsarerobustto anyform of heteroscedasticitgndclusteredat
the provincelevelto allow for correlationat a giventime andacrosgime within provinces

(Bertrandetal., 2004).24 Column(1) showsthe estimategor naturalgasservicessubscription

ratewithout anycontrolvariables Columns(2) and(3) addyearfixed effectsanda full setof

* We alsoestimatedveightedregressionsisingthe populationdensityasa weight Theseestimationgid not cause
anyappreciablehangedo theresultspresentediere.Theresultsfrom theweightedregressionsreavailablefrom
theauthorsuponrequest.
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time-variantprovincecharacteristicsespectivelyand column(4) controlsfor permanent
differencesacrosgprovinceshroughprovincefixed effects.ln columns(5) and(6), we present
versionsof equation(2) with provincespecificlinearandquadratidime trends respectively.
Finally, in column(7), we show resultsfrom afully saturatednodel,which alsoincorporates
regionby yearfixed effectsin anattemptto controlfor anyregionspecifictime varying factors
associateavith naturalgasexpansiorandinfant mortality. This specificationcould alsoaccount
for anyspilloversto the surroundingprovincesthatareassociatedavith naturalgasadoptionas
well asanydifferencesdn regionlevel governmenpolicies,suchashealthcarénterventionss

As shownin Table2, the estimatedor the naturalgassubscriptiorrateexhibit substantial
variationacrossvariousspecificationsThe estimateon the NGptin the mostbasicmodel
presentedn column(1) is 0.033,suggestinghata onepercentag@ointincreasen thenatural
gassubscriptiorrateper 100personds associatedavith a 3.3 percenincreasean infant mortality
rate.The positivesignon the estimateconfirmsour earlierargumentsaboutthe endogeneityf
naturalgasinfrastructurej.e., provinceshatgainaccesgo a naturalgasinfrastructue are
differentfrom otherprovincesin waysthatarecorrelatedwith infant mortality. As mentioned
previously,theseprovincesaremorelikely to beurbanandindustrialthanothers. Since
urbanizatiorandindustrializationarelikely to be positively correlatedwith infant mortality,
failing to controlfor thesedifferencesnvould causethe estimateon naturalgassubscriptiorrate
to be biaseddownward,andlike in our case possiblyswitchsign.We seethatthe estimate

remainsalmostidenticalwhenwe controlfor yearfixed effectsin column(2). As shownin

* Therearevariouslevelsof regionalclassificationsn Turkeydefinedby TUIK. Theseregionsarebasecn

clustersof adjacenprovincesandaremerelyfor geographi@ndstatisticalpurposesHerewe usethe 12 region
classificationwhich includesthe northeasAnatolia, eastermAnatolia, centralAnatolia, southeasterAnatolia,
Istanbul,westernMarmara,MediterraneangeasterrMarmarawesternAnatolia, AegeanwesternBlack Sea,and
easten Black Searegions.We alsoestimatedhis specificationusingthe 26 subregionclassification Despitethe
reductionin thenumberof degreeof freedom theseresultsaresimilar to thosepresentedierequantitativelyandin
termsof statisticalsignificance.
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column(3), controllingfor a setof time-variantdifferencesacrosgrovincescauseshe estimate
to decreasdy half. Theestimatan column(3) indicatesthata percentaggointincreasen
naturalgassubscriptiorrateis associateavith a 1.7 percentincreasen infantmortality. The
largereductionin the sizeof the estimatds againindicativeof theendogeneityf naturalgas
adoptionandpointsto theimportanceof fully accountingor theunderlyingdifferencesacross
provincesTheresultsfrom thefirst importantsteptowardaccountingor this endogeneityare
revealedn column(4), wherewe controlfor provincefixed effects. Consistentvith our
predictionsdoingsonotonly makesa dramaticdifferencein the size of the estimateputalso
causests signto switchto negative Accordingto the point estimatea onepercentaggoint
increasen the penetratiorrateof naturalgaslowerstheinfant mortality rateby 2.5 percentAnd
the estimatds statisticallysignificantat the onepercentevel. In thefollowing two columns,we
presentesultsfrom thefull specificationin equation(2), which controlsfor provincespecific
linearandquadratidrends respectivelyAllowing for differentialtrendsin theinfant mortality
rateacrosgrovincescauseshe estimateon theimpactof naturalgassubscriptiorrateto rise,
suggestinghatsomeprovincesthatadopta naturalgasinfrastructuremight haveanincreasing
(or decreasingt a slowerpace)trendin infant mortality ratein comparisorto otherprovinces.
Accordingto the pointestimatan column(6), aonepercentag@ointincreasen the
subscriptiorrateto naturalgasservicescausesheinfant mortality rateto decreaséy 4.1
percent.

Finally, in column(7) we presenthe estimatefrom a specificationthat controlsfor
regionby yearfixed effectsalongwith all the othervariablesincludedin the previouscolumns.
Controllingfor regionby yearfixed effectsis likely to helpmitigatetheimpactof postive

spilloverson air quality enjoyedby provinceswithout naturalgasthataresurroundedy
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provincesn thetreatmengroup.If therateof infant mortality is reducedn controlprovinces
becaus®f thecleanerair in adjacenprovinceshatarein the treatmengroup,this maycause
our estimatdo bealower bound.As it turnsout, controllingfor regionby yearfixed effects
leavesthe estimatecdtoefficienton naturalgassubscriptiorratelargelyunalteredIn particular,
the coefficientestimatepresentedn column(7) indicateshatthe effectof naturalgas
penetratiomrateon infant mortality rateis 4.0 percent.

To puttheseestimatesnto context,we nextpresensomesimulationresults.For
instanceasshownin Tablel, theaveragenaturalgassubscriptiorrateis 7.9 per 100 personsn
provinceyearobservationsvith naturalgasinfrastructureln 2011,therewere8.714infant
deathdor 1,087,93%irthsin the provinceswith a naturalgasinfrastructureyielding aninfant
mortality rateof about8 per1,000births.Holding the numberof births, this would suggesthat
therecouldbeapproximately348fewerinfantdeathdn theseprovincesin 2011in responséo a
onepercentag@ointincreasen the naturalgassubsciption rate. The subscriptiorrateto natural
gasservicesstandsataboutl1 unitsper100personsn 2011.Then,doublingthe capacityof the

naturalgasservicesansaveabout3,828livesin oneyear.

Robustnesand SensitivityAnalyses

Theresultspresentedbovecould be drivenby eithera decreasén the numerator
(numberof childrenwho diein theirfirst year)or anincreasen the denominatothe numberof
live births). For example theresultscould bedrivenby anincreasan the denominatoif the
naturalgasadoptionis associateavith anincreasen theoverallquality of healthcareservices.
As explainedpreviously,this is unlikely sincewe controlfor the numberof hospitalsand

hospitalbedsper capitaalongwith the numberof physiciars percapitaandanindicatorfor
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whetherthe provinceimplementsa family physicianprogram.Furthermoreprovincelevel
linearandquadratidrendsshouldalsohelpgaugetheseeffects.Anotherpossibilityis thatthe
improvementsn air quality mayleadto areductionin the numberof stillbirths andmiscarriages,
whichwould resultin anincreasen the numberof live births. We testthis by estimatingour
modelswith thelogarithmof infant deathsasthe dependentariableandthelogarithmof births
asanadditionalcontrolvariable(Arceo-Gomez HannaandOliva, 2012).As presentedn Panel
A of Table3, performingthis testyields estimateshatarealmostidenticalwith thosein Table2
whenprovincefixed effects,provincespecificlinearandquadratidime trendsandregionby-
yearfixed-effectsarespecified.For examplethe column(7) specificationsuggestshata one
percentag@ointincreasean the subscriptiorrateto naturalgasservicesausesnfant deathgo
deaeaseby 4.0 percentThereforeijt is unlikely thatour resultsaredrivenby anincreasen
births. Next, we estimatemodelsusinglogarithmof birthsasanoutcome As shownin PanelB
of Table3, theestimatesn specificationdrom columns(4) to (7) areall very smalland
statisticallyinsignificant,suggestinghatnaturalgasadoptiondoesnot haveaneffecton the
numberof babiesborn.

Notethatwe usedatafrom all 81 provincesin our analysis Amongtheseprovinces 20
of themhaveneveraccessgto a naturalgasinfrastructureduring our analysisperiod.To testfor
the possibilitythatthereis somethingundamentallydifferentabouttheseprovinceshatmaybe
affectingour results we estimateour modelsexcludingtheseprovincesrom the andysis.
Resultsfrom the estimationof thesemodelsarepresentedn Table4. The patternobtainedn
Table4 is very similarto theonein Table2. Specifically,the estimatesn our richest

specificationshownin columns(6) and(7) are-0.039and-0.041 which arealmostidenticalto
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thosepresentedn Table2. Thereforewe canrule outthe possibilitythatour resultsaredriven
by provinceswithouta naturalgasinfrastructure.
Nextwe explorewhetherour resultsaredriven by anyof the provincesactingasan

outlier. Oneparticularcandidates Istanbulwhich, with its 13.5million citizens,accountgor

overl8percenof T u r k tetgl Gopulation It is alsooneof thelargesturbanandbusiest

agglomerationin theworld and responsibldor overaquarterof T u r k @ BP&Csncurrent

with the expansiorof naturalgasinfrastructure)stanbulhasexperienced rapidtransformation
in amultitudeof dimensiongluringthe periodof our analysis For examplejt sawa surgein the
numberof privatehospitals which doubledin numbersbetweer2000and2005.Althoughwe
controlfor anumberof variablesrelatedto the capacityandquality of healthdeliveryservicesn
our models it maybearguedhatthereremainotherrelatedfactorsthatmight havecoincided
with theexpansiorof naturalgasservices. Oneparticularcandidates the masstransit
undergroundailway network,which enteredservicein 2000andhascauseda majorreliefin
traffic congestionThenthe questionis whetherandto whatextentthe controlvariablesand
variousfixed effectsin our modelsaccountor thesedevelopmenti a potentialoutlier like
Istanbul.We testthis by estimatingthe modelsin Table2 with Istanbulexcludedrom the
analysis As shownin Table5, theresultsremainalmostidenticalto thosein Table2 whenwe
performthis exercises

Ouranalysisnvestigatesvhetheranincreasen theintensityof treatmentj.e., numberof
subscriptiongo naturalgasserviceercapita,is associatd with alower infant mortality rate.

This allowsusto examinethe effectof the entirefunctionof averagereatmenteffectsoverall

*® We alsoestimatecbur modelsexcludingeachof thethreeotherlargeprovinces Ankara,lzmir, Bursaaswell as
ealy adopterdike KocaeliandEskisehir Althoughtheyaresmallerin populationandeconomicactivity, someof
theseprovinceshaveelementghatresembldstanbulin certainrespectsAgain, our resultsareextremelyrobustto
theexclusionof theseprovincesfrom theanalysis.Theseresultsareavailablefrom theauthorsuponrequest.
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possiblevaluesof thetreatmenintensitiesIn contrastmostof therelevantiteratureon the
programevaluationdealswith the estimationof calsal effectsof a binarytreatmentSincea
binarytreatmenapproachpoolsall treatmenprovincesogetherin onetreatmengroup,the
resultscannotrule outthe possibilitythatthe effectsaredrivennot by provinceshatweremost
treatedby naturalgasadoption but by onesthatwerelesstreated/Adornoetal., 2007,
Chakrabarti2008).This issuemaybe particularlyimportantin our casewheretheintensityof
treatmenexposurechangesonsiderablyacrosprovincesln anattemptto assesshe sengivity
of our resultsto imposingthe treatmenintensityto beidenticalacrosgprovinceswe estimate
conventionalifferencein-differencemodelsusinga binarytreatmentvariabledefinedby the
timing of adoptionof a naturalgasinfrastructure Resuts from thesemodels,asshownin Table
6, follow a patternsimilarto thosein Table2. In particular,the specificationsn thefirst three
columnsproduceestimatesvith a positivesign, clearly pointingto the endogeneityf the
adoptionof naturalgas But, the specificationin column(4), which controlsfor time and
provincefixed effectsalongwith afull setof controlvariablesjndicateshatadoptionof natural
gasis associateavith a 18.9percentdecreasé infant mortality rate.However,incorporating
provincespecificlinearandquadratiarendsin columns(5) and(6) aswell asregionby year
fixed effectsin column(7) makesthe estimateno longerstatisticallysignificantat conventional
levels.As indicatedby this exercisefailing to recognizethe continuoushatureof thetreatment
in this casemayleadto a misleadingconclusionabouttheimpactof naturalgason infant

mortality.

InstrumentaNVariables
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To explorethe potentialchannebetweerlMR andnaturalgas rate,we nextemploy
modelsusingtwo-stageeastsquare$2SLS)in which provincelevel air pollution measuregare
instrumentedn naturalgassubscriptiorrate.PanelA of Table7 present®videnceon thefirst
stagerelationshipbetweerpollution measires- particularmatterandsulfur dioxide - andnatural
gassubscriptiorrate. Theresultsfrom thefirst stagelend strongsupportto the hypothesighat
the effectspresente@dbovearedrivenby theimprovementsn air quality causedy the
deploymenbf naturalgasnetworks.In particular,the point estimatesuggesthataone
percentag@ointincreasan the naturalgasservicessubscriptiorrateis associateavith a2.1
percentdecreasén level of particulatematteranda 4.3 percentdecreasén thelevel of sulfur
dioxide.Notethatthe samplesizein thesemodelsis smallerdueto lack of completedataon air
pollution. Despitethe smallersamplesize,both estimatesrestatisticallysignificantat
conventionalevels.

Theinstrumentalariablesestimate®f the causaimpactof air pollution oninfant
mortality ratearepresentednh PanelB of Table7. As shownin thetable,air pollution hasa
positiveandstatisticallysignificantimpacton infant mortality. The elasticityestimatesare1.25
and 0.63for particulatematterandsulfur dioxide.We arealsoableto compareour elasticity
estimatedo thoseobtainedn severapreviousstudies. Forexamplepur estimatesire
particularlyconsistentvith thoseof Tanaka(2012)who reportelasticities of 0.95for particulate
matterand0.82for sulfur dioxidein a studyof theimpactof air pollution on infant mortality in
China.Focusingon the estimateslerivedfrom the United Statecontext,the elasticityestimates
for particulatematterdocumentedby ChayandGreenston€2003a),Currie, Neidell,and

Schmiede(2009),andCurrieandNeidell (2005)are0.285,-0.008,and0.001,respectively7In

arecentstudyfocusingon Mexico, Arceo-Gomez,Hanna,andOliva (2012)find anelasticityof

7 Thesdii guresareobtainedirom Table8 in ArceoGomesHanna,andOliva (2012).
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0.42for particulatematter,whichis smallerthanour estimate put largerthanthosereportedfor
the United StatesTo the extentthatour estimatesrelargerthanthosereportedoy studiesusing
datafrom the United Statesandconsistentvith thoseobtainedfor China,andto someextent,

Mexico, the numberof lives of infantssaveddueto improvedair quality is likely to be higherin

thedevelopingcountiesthanit is for the developedcountriess

VI. Conclusions

Industrializatiorandeconomiadevelopmenhavebroughtwith it dramaticimprovements
in living conditionsof vastpopulationsan developingcountrieshroughhigherincomesand
betterhealthcare. However thesebenefitshavecomeat the substantiatostof deterioratiorin
environmentatonditionsandair quality, which threatensomeof thesegainsachievedy these
countries Furthermoretherearevery few viable policy optionsor enforcemetimechanisms
availableto rich countrieghatcouldinducedevelopingcountriesto takemeaningfulsteps
towardaddressingnvironmentaproblems Onepolicy instrumenttommonlyusedto control
air pollutionis regulationsHowever thereareseriouschallengego implementingregulations
successfullyespeciallyin developingcountriesdueto weakgovernancandcorruption
problems Furthermoreconcernverglobal climatechangeareoftensidelinedin these
countriesdueto a strongdesireto maintainrobusteconomicgrowth. Therefore jnternational
effortsto reducecarbonemissiongacemajorchallengesasmanyin the developingworld object
to significantcutsvoluntarily. Underthesecircumstances)aturalgashasbecomea popular
sourceof fuel andonethatcould help effortsto limit carbonemissiongylobally without causing

interruptionsn the mountingenergyneedf thesecountriesn the shortrun.

s Oneexceptionis Knittel, Miller, andSanderg2011)who find aneffectcorrespondingo anelasticityof 1.88
studyingtheimpactof air pollution oninfant mortality in California.
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In this paperwe considertheimpactof the expansiorof naturalgasservicesor
residentiabndcommercialuseon therateof infant mortality in Turkey. In identifying this
impact,we usethevariationin thetiming andintensityin the deploymenbf naturalgas
infrastructurescrossrurkish provincesbetweer?001and2011.0ur resultsindicatethatthe
expansiorof naturalgasservicedeaddo a significantreductionin therateof infantmortality.
The estimatdrom our mostcomprehensivenodelsuggestshata onepercentag@ointincrease
in therateof subscriptiondo gasservicesvould causeheinfant mortality rateto decreaséy 4
percent.

Using supplementatiataon total particulatematterandsulfur dioxide availablefor a sub
periodof our analysissamplewe alsoproducedirectestimate®f theimpactof improvedair
guality associatedavith the adoptionof naturalgason infant mortality. Our elasticityestimates
from this instrumentalariablesanalysisare1.25and0.63for particulatematterandsulfur
dioxide,respectively. A comparisorof theseestimatesvith thosereportedfrom other
developingcountriesandthe United Statesindicatesthatpotentialbenefitsassociatedvith
reducingair pollution maybe greaterin the developingcountrieshanthe developedountries.
Thisfinding is consistentvith the explanationghatimprovementsn air quality aremore
beneficialat higherbaselindevelsof air pollution or thesebenefitsaregreaterin environments
whereinfantsarealreadyweakenedy otherfactors,suchaspooraccesdo healthcare, weak
sanitaryconditions,or morewidespreadliseaseg¢Arcec-Gomez HannaandOliva, 2012;
Tanaka2012).

Notethatreplacemenof coalby naturalgascanresultin lower infant mortality through
two channelsAs demonstrate®)y our instrumentalariablesanalysistherearesignificant

externalbenefitsof improvedair quality asso@tedwith theuseof naturalgas,asopposedo
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otherfossil fuelssuchascoal.But it is alsolikely thattherearesignificantprivatebenefits
enjoyedby the subscriber®f naturalgasservicessincetheywould be exposedo lower levelsof
indoorair pollution. Understandinghe extentto which thesebenefitsaresplit betweerthe two
channelss beyondthe purposeof this paperbutis importantin orderto designsociallyoptimal

policiesto tax andregulatenaturalgas.
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Figure 1: Number of Provinceswith Natural GaslInfrastructure in Turkey
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Figure 2: The Number of Subscriptionsto Natural Gas Servicesper 100persons
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Note: Thesampleonly consistsof provinceswith accesdo naturalgasservicesatleastoneyearduring
the periodof 2001-:2011.Source:NaturalGasJournal
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Figure 3: Map of the Natural GasNetworks in Turkey
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Figure 4: Natural GasSubscriptionsper 100personsin SelectProvinces
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Figure 5: Natural GasFlow Chart
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Table 1: Descriptive Statistics

D@B)4)(G)
VariableALLNG=0NG=1NGEver=ONGEver=1
Infant Mortality per Thousandirths9.1488.0038.881***3.13810.07*
(1.171)(1.114)(1.069)(1.685)(1.560)
Numberof NG Subscriptionsn 100K0.683--2.03%--0.897
(3.614)(6.014)(4.119)
=1if NaturalGasSubscriptions> 00.336-------- 0.442
(0.473)(0.497)
NG RatePer100Population2.648-7.871--3.476
(6.142)(8.435)(6.831)
EverHadNaturalGas0.7620.643-------
(0.426)(0.480)
sAverageParticulateMatter( ¢ g)66m9462.71270.611*78.94163.519***
(30.611)(34.188)(24.739)(37.151)(28.388)
sAverageSulfur Dioxide ( € g)89M4548.22028.146**41.04839.110
(31.786)(3.914)(22.766)(40.152)(29.788)
HospitalsPer100K Population2.0632.0522.0892.1852.025***
(0.924)(0.982)(0.767)(1.158)(0.835)
HospitalBedsPer100K Population214.041196.613255.971**159.178231.214***
(90.357)(88.541)(80.520)(76.415)(87.544)
Physiciander100K Population125.472107.555143.210***94.378135.426***
(51.076)(39.063)(55.300)(23.170)(53.535)
PercapitaRedgonal GDP7.7706.76810.539***5.5098.467***
(3.458)(2.835)(3.524)(2.399)(3.439)
PercentHigh School16.16315.48917.019***14.29616.744***
(3.284)(3.274)(3.096)(3.@9(3.123)
PercentCollege6.6765.6547.975***5.1947.137***
(2.570)(1.987)(2.643)(2.121)(2.525)
StudentPerTeacherl6.91317.48515.914***19.73216.031***
(4.379)(4929)(2.949)(6.099)(3.212)
UnemploymenRate10.26310.31510.19610.54010.177
(3.762)(4.232)(3.067)(4.383)(3.547)
ProvinceHasFamily PhysicianProgram0.2810.1340.570***0.2340.295*
(0.450)(0.341)(0.496)(0.425)(0.456)
Motor VehiclesPercapital61.443134.716195.424***104.133179.285***
(78.350)(79.156)(62.680)(87.458)(65.876)
GoverningParty0.6090.5380.749***0.4550.657***
(0.488)(0.499)(0.434)(0.499)(0.475)
Population884.199609.6541425.845***366.7381046.100***
(1460.947)(540.491)(2310.550)(237.456)(1635.670)
Observations8775822952868
StandarDeviationsarein parentheseg, **, and*** indicatethatmeanis statisticallydifferentbetweerthe
samplein columns(2) and(3) or columns(4) the 10%,5%, and1% levels,respectively.
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Table 2: Estimatesof Log Infant Mortality on Natural Gas Subscriptionsto Population Ratio

Variable Q) @ @) (4) (5) 6) @

NaturalGasRate 0.033%*  0.031% 0.017*  -0.025"*  -0.036**  -0.041*  -0.040*
(0.007) (0.007) (0.008) (0.007)  (0.014)  (0.018)  (0.023)
HospitalsPer100K -0.296% -0.071 -0.005 -0.005 -0.014
(0.073) (0.044)  (0.043)  (0.055)  (0.066)

) 0.006%* 0.002** -0.000 -0.000 0.000
HospitalBedsPer100K (0.001) (0.001)  (0.001)  (0.001)  (0.001)
0.002 -0.000 0.001 0.000 0.000

Physician$er100K (0.001) 0.001)  (0.001)  (0.001)  (0.001)
-0.073%  -0.064* -0.033 -0.019 0.007

Percentigh School (0.034) (0.019) (0.023) (0.026) (0.035)
0.002 0.024 0.018 0.028 -0.017

(0.042) (0.032)  (0.034)  (0.036)  (0.044)

PercentCollege 0.342 0.126 -0.089 -0.068 0029
(0.290) (0.312)  (0.307)  (0.369)  (0.410)

Log StudentsPerTeacher 0.067**  0.028™*  0.032** 0.005 0.014
(0.018) (0.011)  (0.014)  (0.016)  (0.020)

UnemploymenRate -0.146 -0.040 0.017 0.012 -0.019
0.1®@) (0.064)  (0.064)  (0.079)  (0.075)

Family Doctor 0118  -0.385%* 0.022 -0.150 0.227
(0.135) (0.115)  (0.172)  (0.175)  (0.203)

0.041 -0.042 -0.083 -0.020 -0.003

Log MV Per1000People (0.086) (0.070) (0.072) (0.071) (0.079)

GoverningParty

Observations877877877877877877877

R-squared0.0490.0750.3730.7670.8320.8670.886

ControlsFor

YearFixed EffectsNoYesYesYesYesYesYes

Time Varying ProvinceCharacteristicsNoNoY&&sYesYesYes

ProvinceFixed EffectsNoNoNoYesYesYesYes

ProvincespecificLinear TrendsNoNoNoNoYesYesYes
ProvincespecificQuadraticTrendsNoNoNoNoNoYesYes
Regionby-yearFixed EffectsNoNoNoNoNoNoYes

Notes:Robuststandarcerrors,clusterecat theprovincelevel, arein parenthesed *, **, or*** indicatessignificanceatthe

0, 0, 970! = ECUVElY.
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Table 3: Estimatesof Log Infant Deathsand Log Births

(1) (2) (3) (4) (5) (6) ()
PanelA
DependenVariable: Log Infant Deaths
Natural GasRate 0.014 0.007 0.002  -0.023**  -0.036**  -0.041*  -0.040*
(0.009) (0.010) (0.007) (0.007) (0.014) (0.018) (0.022)
Log Births 1419%% 14377 1427 0.432 0.659 0.994 0.660
(0.059) (0.058) (0.058) (0.338) (0.600) (0.795) (0.913)
Observations 877 877 877 877 877 877 877
R-squared 0.773 0.784 0.842 0.930 0.949 0.960 0.965
PanelB
DependenVariable: Log Infant Births
NaturalGasRate
0.045** 0.057*** 0.035** 0.003 0.000 0.001 0.001
(0.019) (0.021) (0.016) (0.003) (0.001) (0.001) (0.001)

Observations877877877877877877877

R-squared0.0770.1070.5280.9950.9990.9991.000

ControlsFor
YearFixedEffectsNoYesYesYesYesYesYes
Time Varying ProvinceCharacteristicsNoNoYesYesYesYesYes
Provirce Fixed EffectsNoNoNoYesYesYesYes
ProvincespecificLinear TrendsNoNoNoNoYesYesYes
ProvincespecificQuadraticTrendsNoNoNoNoNoYesYes
Regionby-yearFixed EffectsNoNoNoNoNoNoYes

Notes:Robuststandarcerrors,clusteredat the provincelevel, arein parentheses *, **, or ** indicatessignificanceatthe

9596, 9995, 07 99-9%41EVels TESPECtivaly:
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Table 4: Estimatesof Log Infant Mortality on Natural Gas Subscriptionsto Population Ratio, Natural GasSample

Variables 1) (2 (3) (4) (5) (6) (7)
NaturalGasRate 0.020** 0.026*** 0.016* -0.010 -0.020 -0.039** -0.041*
(0.008) (0.008) (0.008) (0.009) (0.014)  (0.019)  (0.024)

Observations668668668668668668668

R-squared0.0260.0550.3700.7870.8480.8800.900

ControlsFor
YearFixedEffectsNoYesYesYesYesYesYes
Time Varying ProvinceCharacteristicsNoNoYesYesYesYesYes
ProvinceFixed EffectsNoNoNoYesYesYesYes
ProvincespecificLinear TrendsNoNoNoNoYesYesYes
ProvincespecificQuadraticTrendsNoNoNoNoNoYesYes
Regionby-yearFixed EffectsNoNoNoNoNoNoYes

Notes:Robuststandarderrors,clusteredat the provincelevel, arein parentheses *, **, or *** indicatessignificanceatthe

95%, 997, Of 99.9%IeVElS, Tespectvely.
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Table 5: Estimatesof Log Infant Mortality on Natural Gas Subscriptionsto Population Ratio, Excluding Istanbul

Variables 1) ) ?3) 4) (5) (6) 7)
NaturalGasRate 0.032*%** 0.030*** 0.015* -0.024*** -0.037** -0.042** -0.040*
(0.008) (0.009) (0.008) (0.007) (0.014) (0.019) (0.023)
Observations866866866866866866 866
R-squared0.0400.0670.3660.7640.8300.865 0.884
ControlsFor
YearFixed EffectsNoYesYesYesYesYes Yes
Time Varying ProvinceCharacteristicsNoNoYesYesYesYes Yes
ProvinceFixed EffectsNoNoNoYesYesYes v
Provnce-specificLinear TrendsNoNoNoNoYesYes Y:z
ProvincespecificQuadraticTrendsNoNoNoNoNoYes Yes
Regionby-yearFixed EffectsNoNoNoNoNoNo Yes
Notes:Robuststandarcerrors,clusteredat the provincelevel, arein parenthesed\ *, **, or *** indicatessignificanceatthe

95%,99%, or 99.9%levels,respectively.
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