


growth-povertyliterature.Thestudyisuniquebecauseit bringsanewperspectivethatextends
andenrichespreviousgrowth-povertyempiricalstudiesby investigatingwhethereconomic
growthissufficientfor alleviatingconsumptiondeprivationpovertyanddeliveringimproved
qualityof population'swellbeingin developingeconomies.Mostof thepreviousstudies[4±6]
dwelton thequestionof whethereconomicgrowthamelioratestheincidenceof poverty.Fur-
thermore,mostof thepreviousstudiesusedcross-sectionaldataandlinearautoregressive
methodsto assessthegrowth-povertynexus;veryfewstudieshaveemployedtime-seriesdata.
Therefore,thecurrentstudyemploystime seriesdataandanonlinearautoregressivedistrib-
utedlagapproachto addanewmethodologicalperspectiveto theliterature.Thefindingsof
thestudyaffirm thatwhileeconomicgrowthcarriesfeasiblekernelsfor povertyalleviation,
growthaloneisnot sufficientfor povertyalleviationandimprovedpopulationwellbeing.Fac-
torssuchasincomeinequalityandunemploymenttendto dampenthepoverty-alleviating
impactof economicgrowth,therebyaggravatingthepopulation'squalityof life.

While thescenarioof growth-povertymismatchisnot limited to developingeconomies,its
manifestationsaremorepronouncedin developingcountries.It is from thisbackground,
therefore,that theauthorsaremotivatedto investigateempiricalevidenceon thegrowth-pov-
ertydilemma,usingTanzaniaasacasein point andfocusingon consumptiondeprivation
poverty;anareathat isstill under-researched.

Economiesof mostdevelopingnations,suchasTanzania,containinherentcharacteristics
suchaslackof accessto meaningfulemployment,socialandincomeinequalities,low capitalfor-
mation,therapid increaseof population,high levelsof inflation, theviciouscircleof poverty,
struggleovertherightsandmarketof resources,andseverevulnerabilityto climatechange.Such
characteristicsposeaseriousstumblingblockon thepathtowardtherealizationof theUnited
Nations'SustainableDevelopmentGoals2030.For instance,povertyalleviationisoneof thekey
developmentchallengesfacingTanzaniasinceits political independencein 1961.Thehistoryof
thecountry'sdevelopmentstrategiesgivesevidenceof many,andrich policiesformulatedto
spearheadgrowthfor povertyreduction.Consequently,theTanzanianeconomyhasenjoyedan
upwardgrowthtrajectory,especiallyoverthelastthreedecades,afterthe1990seconomicreforms
whichcameataneareconomiccollapsein the1980s.For instance,GDPimprovedfrom US$5.25
billion in 1995to US$18.39billion in 2005andthenup to US$61.14billion in 2019[7]. During
theperiod2009±2019,theeconomyhasbeengrowingatanaveragerateof 6.2%annually;where
thehighestgrowthwas7.67%in 2011andthelowestrateof 4.5%wasregisteredin 2012[7].

Despitethehighandconsistenteconomicgrowthin Tanzania,thefruits of increasedeco-
nomicgrowthhavenot reachedrural andperi-urbanareaswherethemajority of therealpoor
arehosted[2, 8±10].For instance,therapidgrowthhasnot succeededin generatingdecent
andadequatejobs;theaverageannualunemploymentrateduring 2010±2020is2.45%[7].
Ruralpovertyin Tanzaniaismuchmorepronounced,ascomparedwith its urbancounterpart.
Mostof thepoorarein therural areaswherepoverty-combatingfacilitiessuchasaccessto
qualitymedicalcare,basiceducation,reliabletransportation,andcleanwaterarenoticeably
missingin mostrural settings.Theill-developedinfrastructuresespeciallyin rural areasfur-
thercomplicatethepovertyscenarioin Tanzaniaandarenot ableto supporttheneededeco-
nomic transformation.Asaresult,economicgrowthin Tanzaniahasmarginallycombated
povertyamongrural andagrarianhouseholds.Thus,theTanzanianeconomypresentsa
uniquesituationbecauseit hasachievedhighstridesin termsof growthoverthelastthree
decades,but suchrapidgrowthhasnot elicitedacommensuratelevelof povertyreductionand
improvedwellbeing[1]. Thisscenario,therefore,callsfor asystematicinvestigationinto the
natureandrelationshipbetweengrowthandwellbeingin Tanzania.Hence,thecurrentstudy
queriestheuniquenessof theprevailingpoverty-growthdilemmain Tanzaniafrom theper-
spectiveof thepopulation'swellbeing.
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It iswidelyconsideredthat increasingeconomicgrowthcomeswith povertyalleviating
effects[4, 5,11].Thus,ahigh realGDPis theoreticallyassociatedwith areducedincidenceof
povertyandanimprovementin qualityof life.Nevertheless,conditionssuchasunemployment
andincomeinequalitydampenthepoverty-reducingimpactof economicgrowth[4, 11].Asa
result,therisingmeanincomeisnot benefitingeverybody[12]. Moreover,povertyismost
manifestedin developingeconomies,andit isaffirmedthatmanagingincomeinequalityis
oneof theimportant approachesto combatingpoverty.

Thisstudyhastwo primary objectives.First,to investigateempiricalevidenceandthe
importanceof economicgrowthfor alleviationof consumptiondeprivationpovertyand
improvedpopulationwellbeingin Tanzania.Second,to investigatethenatureandimpactof
theinteractionof economicgrowthwith incomeinequalityon thequalityof thepopulation's
wellbeing.While suchinvestigationscouldtakeacomparativeapproach,e.g.,aclusterof East
African or sub-Saharancountries,scrutinizingtheimpactof growthon consumptiondepriva-
tion in Tanzaniaisgermanedueto thecountry'suniquepoliticalandeconomichistory.Unlike
othersub-SaharanAfrican economies,theTanzanianeconomyisshapedbyuniquemacroeco-
nomicandpolitical reformsthatshapethecurrentalignment,nature,andmagnitudeof doing
businessin Tanzania.TheseincludetheUjamaadevelopmentpolicyÐcommunalself-reliance
policy,Kiswahili languagewhichunified all theethnicgroupsin thecountry,theexistenceof
reasonabledemocraticruleof lawandsmoothtransitionof power,etc.

To probethediscourse,atime seriesdataon therateof growthof realeconomicgrowth,
GINI index,andunemploymentfor theperiod1991±2020areanalyzedusinganonlinear
autoregressivedistributedlagapproachandWald testto exploresymmetryamongthevari-
ables.Thechoiceof theperiodi.e.,1991±2020isbasedon first, theeconomicprogressregis-
teredby theTanzanianeconomyfollowing the1990seconomicreforms.Second,theperiodis
determinedby theavailabilityof reliabledatafor thechosenvariables.

Thecurrentstudymakesadistinctivecontribution to thegrowth-povertyliteraturebecause
it isoneof only ahandfulof studiesthatexploreempiricallytherelationshipbetweengrowth
andconsumptionexpenditurein thepresenceof incomeinequalityandunemploymentin
developingcountries.Besides,to thebestunderstandingof theauthors,thestudypioneers
suchinvestigationfor thefirst time usingTanzaniandataandmethodologicallyit is thefirst of
its kind in sub-SaharanAfrica whereconsumptiondeprivationandpovertyarerife. While the
empiricalassessmentisbasedon Tanzaniandata,thefindingsareof greatsignificancefor
developingeconomiesbecausetheknowledgeof thegrowth-povertynexusandtheimpactof
economicgrowthinteractionwith incomeinequalityandunemploymentcanassistplanners
in conductingpolicyinstrumentsto enhancehouseholdconsumptionexpenditureand
improveoverallpopulation'swellbeing.

To attaintheobjectiveof thestudy,theremainingpartof thisstudyisorganizedasfollows.
After abrief literaturereviewin sectiontwo,sectionthreepresentsthestudymethodology,fol-
lowedbyapresentationof empiricalestimationfindingsanddiscussionsin sectionfour. Sec-
tion fiveoutlineskeypolicyimplicationsbasedon thefindingsandconcludingremarks.

2.0 Brief literature review
The2030SustainableDevelopmentGoals1 and10seekto alleviateall formsof povertyand
makesignificantstridesin reducinginequality[13]. Variousapproachesarebeingtakento
realizepovertyreductionandimprovedlivelihood.Thegrowth-poverty-inequalityliterature
suggestssomeaspectsthat researchersandpractitionersmustpayattentionto whenassessing
andaddressingpovertyandpoverty-relatedissues.Consideringthescopeof thisstudyand
without trying to beexhaustive,wedrawour attentionto threeof suchaspects:inequality
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aggravatespoverty,economicgrowthalleviatespoverty,andgrowth-inequality-povertyexhib-
its inseparabletriangularrelationships.

First,moststudieshaveobservedthat inequalityaggravatespovertybecauseit reducesthe
levelof disposableincome,therebylimiting individuals'purchasingpower,andultimately
leadingto consumptiondeprivation.Proponentsof thisschoolattestthat inequalityandpov-
ertyarecloselynettedtogetherin suchawaythatstrategiesto endincomeinequalitywill also
leadto povertyreduction[11,14±17].For instance,someresearchers[17] assessedtheimpact
of financialdevelopment,incomeinequality,andeconomicgrowthon povertyin India using
time seriesdatafor theperiod1970±2015.Thelinearautoregressivedistributedlagmodel
boundtestingproceduredeliveredevidencethatwhileeconomicgrowthandfinancialdevel-
opmenthelpto alleviatepoverty,incomeinequalityandinflation aggravatedpovertysignifi-
cantly.Therefore,differentcountriesmayexperiencerapideconomicprogressovera
prolongedperiodbut therateatwhichsuchgrowthtranslatesinto povertyreductionand
improvedlivelihoodisamongotherfactorsdependenton theparalleleffortsin placeto curb
incomeinequality[4, 17,18].

Second,thereisaclusterof studiespropagatinghigherlevelsof economicgrowthasatool
for povertyalleviation:Sustainedeconomicprogressapproach,commonlyrereferto asthe
trickle-downeconomicsapproach,is frequentlycitedin theliteratureasamongthetraditional
approachesto addresspoverty[5, 17,19±22].However,theresultsfrom thesestudiesexhibit
variationacrossregions,countries,andevendisparityacrossvariouspartsof thesamecoun-
try±e.g.,rural vs.urban.Thissuggeststhatdifferentregionshavedifferentunderlyingcondi-
tionsin suchawaythat thesamerateof economicgrowthproducesavariedimpacton
povertyandpeople'swellbeing.For instance,to thisend,somescholars[8, 10,23,24]attest
that in therecentyearsmostof thesub-SaharaAfrican countrieshaveexperiencedwealth
without prosperity;therapideconomicprogressisnot accompaniedwith householdpoverty
reductionandimprovedqualityof life.

Third, somestudiesattestthat incomeinequality,growth,andpovertyexhibit inseparable
triangularrelationship,i.e.,subjectto povertyincomeinequalityandgrowthcanbeeitherpos-
itive or negativedependingon theempiricalapproachemployed,whilesubjectto income
inequality,povertyandeconomicgrowtharenegativelycorrelatedirrespectiveof themethod
employed[22,25].In thiscase,policiesto addresse.g.,povertymustconsidertheinbuilt con-
nectionbetweenpoverty,inequality,andgrowth[4, 26,27].Therefore,thesefindingsconfirm
thatpovertyisamulti-prongedapproachissue,andits alleviationcallsfor amulti-dimensional
strategy.A singleapproachto povertyalleviationwill fail to yieldthedesiredresults.

Thecurrentstudycontributesto thedebateon thegrowth-poverty-inequalitydebateby
presentinganempiricalassessmentof economicgrowth,incomeinequality,andconsumption
deprivationin Tanzania.While empiricalstudieson consumptiondeprivationpovertyarestill
limited in sub-SaharanAfrica,to thebestof theauthors'understanding,this is thefirst study
of its kind focusingon TanzaniaandusingtheNARDL approachfor analysis.

3.0 Methodology
Takinginto considerationthegoalof thisstudy,alinearmodelisnot anidealmodelbecause
of thepossibilitythatour datamaycomprisesomeinherentnonlinearities.It hasbeen
affirmedthatnonlinearautoregressivemodelsprovideabetterfit for volatility ascomparedto
thetraditional linearautoregressivemodelswhichtendto imposeunrealisticrestrictions,cul-
minating in biasedinferences[28±30].

Therefore,thenonlinearautoregressivedistributedlag(NARDL) modeis themostsuited
for our analysisbecause,first it allowsfor testingtheresponsesof theexplainedvariableto
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changesin eachof theexplanatoryvariables,andsomakesit possibleto build asymmetryline
[31]. Second,NARDL lendsahandin differentiatingthelong-run andshort-runeffectsof
changesin independentvariablesin thedependentvariable.In thiscase,themodelallowsfor
ascertainingkeyfeaturesin theimmediatereactionof thedependentvariablefollowing the
shocksin theindependentvariable[31,32].Third, NARDL isprominent for its ability to han-
dleboth linearandnonlinearcointegrationaswellasaccommodatemultiple dataserieswith
differentordersof integration[33].

3.1 Data and variables

Thisstudyemploysannualtime seriesdataon percapitaconsumptionexpenditure(CE)asa
proxyfor consumptiondeprivationpoverty,GDPgrowthrate(EG)asaproxyfor economic
growth,GIN indexgrowthrate(IQ) asaproxyfor incomeinequality,andtotalunemployment
rate(UE)Ða %of thelaborforceÐto depicttheproportion of total laborforcewilling and
ableto work but without work,all for theperiod1991±2019.

a. Per capita consumption expenditure. TheCEisemployedhereasaproxyfor measuring
consumptiondeprivationpoverty.It is thebestproxyfor consumptiondeprivationpoverty,
andsomeasuresof population'swellbeing,becauseconsumptionexpenditureamongthe
poor ismorereliablyreportedandmorestableascomparedto income[17,34,35].Besides,
CEasameasureof consumptiondeprivationpovertyisanalogousto theWorld Bank's
standarddescriptionof povertyastheinability to attainaminimum acceptablestandardof
living asquantifiedin termsof basicconsumptionneeds[36]. Further,dueto theinaccessi-
bility to povertyheadcountdatafor manycountries,consumptionexpenditurehasbeen
widelyusedto measureconsumptiondeprivationpovertyasanalternativeapproachto cast
insighton theoverallscenarioof poverty[4, 35,37±39].

b. GDP growth rate. GDPgrowthrateiswidelyusedin theliteratureasastandardproxyfor
economicgrowth[40±43].GDPis frequentlyconsideredaneffectiveindicatorof economic
growthbecauseit givesquantifiableinformation aboutthesizeandtheperformanceof the
economy.Thus,therealGDPgrowthrategaugesthehealthof theeconomybecausean
increasein realGDPisanindication thatoveralltheeconomyisperformingwell.If thereal
GDPis falling,that isanindicationof economicstagnationandor declineandthenation is
not makingeconomicprogress.An increasein realGDPisexpectedto haveapositive
impacton percapitafinal consumptionexpenditure,andthuscompactconsumption
deprivation.

c. GINI index. GIN index,awell-celebratedmeasureof incomeinequality,isastatisticalmea-
sureof incomeor wealthdistribution amongindividualsrelativeto theentirecountry's
population[4, 44±46].It isalsoreferredto astheGINI indexandit rangesfrom 0 (0%)to 1
(1%)suchthat0 representperfectequalityand1 perfectinequality.It isnotedherethat
while theGINI indexshowstheincomedistribution amongthepopulationin acountry,it,
however,doesnot showits overallincome[47]. Thus,alow-incomeandhigh-income
countrycanexhibit thesameGINI indexfor theindexisonly anindicationof wealthdistri-
bution,not incomelevel.

d. Unemployment. Unemployment,measuredas%of thelaborforcein acountrywilling
andableto work but without work, indicatestheextentto whichtheactivepopulationis
inhibited from obtainingthereliablecapabilityto accessnecessaryincomefor improved
livelihood[4, 48].Thedescriptionof eachvariableanddatasourceissummarizedin
Table1.Fig 1: The rate of growth of GDP, unemployment, GINI index, and consumption
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Table 1. Description of variables and corresponding statistical data sources.

Variable Description Data source

Percapitaconsumption expenditure Proxyfor consumption deprivationpoverty [7] World Development Indicators

Thegrowthrateof consumption expenditure(%
annual)

Theannualgrowthrateof percapitaconsumption
expenditure

Computedby theAuthors

GDPgrowthrate(%annual) Theannualgrowthrateof theeconomy [7] World Development Indicators

GINI index Themeasureof incomeinequality [49] Theglobalconsumption andincome
project

GINI indexgrowthrate(%annual) Theannualgrowthrateof incomeinequality Computedby theAuthors

Totalunemployment total laborforcewilling andableto work but without work�. [7] World Development Indicators

Unemploymentgrowthrate(%annual) Theannualgrowthrateof unemployment Authors'calculations

� Derivedby multiplying theprovidedannualunemploymentrate(%)by theWID providedtotal laborforcedata.

https://doi.org/10.1371/journal.pone.0270036.t001

Fig 1. The rate of growth of GDP, unemployment, GINI index and consumption expenditure.

https://doi.org/10.1371/journal.pone.0270036.g001
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expenditure, isagraphicalrepresentationshowingthetrendof thevariables.Thehorizontal
straightline at themiddleof thefigurerepresentstime in years.Thebluetrend line repre-
sentstheconsumptionexpenditure,whichis thedependentvariable.Theother3 trend
linesdepictindependentvariables,i.e.,thedark-yellowline depicteconomicgrowth(EG)
trend,thegreyline depictsincomeinequality(IQ) trend,andthelight-yellowline depicts
unemployment(UE) trend.Overall,all independentvariablesexhibitupwardtrend,and
theyseemto beassociatedwith thevariationin thedependentvariable.

3.2 Empirical model specification

Thestudyappliesanonlinearautoregressivedistributedlag(NARDL) modelto assessthe
relationshipbetweenconsumptionexpenditure,GDPgrowth,incomeinequality,andunem-
ploymentin Tanzaniaduring 1991±2020.In addition to theadvantagesof usingtheNARDL
modeloutlinedin section3.0above,wealsoobservethatsomepreviousstudieshaveused
theNARDL approachto assessasymmetryin financialmarkets[50], energypolicy [51],
uncertaintyimpacts[52], commoditypricing [53,54],etc.Nevertheless,to our bestknowl-
edge,our studyis thefirst oneto applytheNARDL modelfor exploringtherelationship
betweeneconomicgrowthandconsumptionexpenditure,to measureconsumptiondepriva-
tion poverty.

On thebasisof previousempiricalstudies[32,55,56],therelationshipamongthevariables
isconstruedasfollows:

CEt ¼ b0 þ b1EGt þ b2IQt þ b3UEt þ et ð1Þ

WhereCEis thepercapitaconsumptionexpendituregrowthrate,measuringconsumption
deprivationpoverty;EGisGDP(economic)growthrate,IQ is thegrowthrateof income
inequality,UE isanannualgrowthrateof unemployment,andβi isavectorof long-run coeffi-
cientsto beestimated.

In viewof somepreviousscholarlyworks[12,32,56],to accountfor theasymmetries
amongthevariables,Eq1canbeexpressedas:

CEt ¼ y0 þ y1EGt
þ þ y2EGt

� þ b3IQt þ b4UEt þ εt ð2Þ

Whereθi isavectorfor long-run coefficients.It ishereexpectedthatθ1> 0 andθ1> θ2

becauseanincreasein economicgrowthwill haveahighereffecton consumptionexpenditure
thanadeclinein economicgrowth.To accountfor theasymmetryimpactsof incomegrowth
on consumptionexpenditure,wehaveincludedEGt

+ andEGt
- in Eq2 to representthepositive

changesandnegativechangesin economicgrowthrespectively.In thiscase,EGt
+ andEGt

-

depictthepartialsumof thechangesin EGt suchthat.

EGt
þ ¼ POSðEGÞt ¼

Xi

i¼1
DEGþt ¼

Pi
i¼1

maxðEGi;0Þ and

EGt
� ¼ NEGðEGÞt ¼

Xt

i¼1
DEG�t ¼

Pt
i¼1

minðEGi;0Þ

FromEq3,thelong-run relationshipbetweenpositiveshocksin economicgrowthandcon-
sumptionexpenditureisdepictedbyθ1, whileθ2 showsthelong-run relationshipbetweenthe
negativeshocksin economicgrowthandconsumptionexpenditure.Besides,weanticipate
thatθ1> θ2.
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Theunrestrictederror correctionform of Eq2 canbemodeledasfollows[32,33,55]:

DCEt ¼ a0 þ a1CEt� 1 þ a2POSðEGÞt� 1
þ a3NEGðEGÞt� 1

þ a4IQt� 1 þ a5UEt� 1

þ
Xn

i¼1
b1DCEt� i þ

Xn

i¼0
b2DPOSðEGÞt� i þ

Xn

i¼0
b3DNEGðEGÞt� i

þ
Xn

i¼0
b4DIQt� i þ

Xn

i¼0
b5DUEt� i þ mt ð3Þ

3.3 Estimation process

To estimatetheNARDL modelasdepictedbyEq3,wefirst employedtheAugmentedDickey-
Fullerunit root testto determinetheorderof cointegrationof thevariables.While ARDL is
appropriatefor variableswith differentordersof integrationi.e.,I(0) andI(1), it is limited
whenit comesto theI(2) series.Thus,testingfor unit root isnecessaryto avoidestimating
spuriousregression.Second,to correctlyestimateEq3,wedeterminedthelaglengthwith the
helpof theAkaikeInformation Criterion (AIC). Third, weemployedtheboundtestingcointe-
grationmethod[57] to testfor theexistenceof long-run nexusamongthevariablesfor both
linearandnonlinearspecificationof Eqs1 and2 respectively,andShin'sapproach[58] in
unrestrictederror correctionmodeli.e.,Eq3.Fourth,wederivedthecumulativedynamic
multiplier of 1%positiveandnegativechangesin economicgrowth,to estimatethelong-run
asymmetricimpactof changesin economicgrowthon consumptionexpenditure.Finally,we
applytheGrangercausalityapproach[59] to examinethecausalnexusamongthevariables.

4.0 Findings and discussions

4.1 Unit root test

To determinewhethertheseriesisstationaryor not, thisstudyemployedtheaugmented
Dickey-Fullertest,i.e.,theADF test[60], andcomparedtheresultswith thePhillipsandPer-
ron test,i.e.,PPtest[61]. Thestationaritytestisanimportant stepin regressionanalysisto
avoidgeneratingspuriousregressionresults.TheADF testfindingsshownin Table2confirm
thatCE,IQ, andUE arestationaryat level.However,EGcontainsunit root at level,but it is
stationaryat first difference.Thus,theseriesCE,IQ, andUE areintegratedof order0,i.e.,I
(0),while theseriesEGis integratedof order1,i.e.,I(1). To substantiatetheADF testresults,
wecarriedout thePPstationaritytestwhich issaidto bemorepowerfulthantheADF test
[32]. ThePPresultsin Table2,areconsistentwith theADF testresults.Theseresultsallowus
to applytheNARDL modelfor no seriesthat is integratedof orderI(2).

4.2 Lag length determination

Timeseriesestimationissensitiveto laglength.Therefore,it isnecessaryto determinethe
optimal lagbeforerunning aregression.Table3 showstheresultsof lagorderselection

Table 2. Series stationarity tests.

Variable ADF test statistic PP test statistic

Level 1st Difference Level 1st Difference

CE -4.7292��� -5.0108��� -4.3640��� -9.2201���

EG -1.9427 -6.3082��� -1.7593 -6.2903���

IQ -5.0613��� -5.6512��� -4.6879��� -13.3109���

UE -3.5171� -3.7567��� -3.8709��� -9.1035���

Note
�� and��� indicatestatisticallysignificantat5%and1%respectively.

https://doi.org/10.1371/journal.pone.0270036.t002
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criteria.FollowingtheAkaikeinformation criterion (AIC), whenCEis thedependentvariable,
theoptimal lagis two.

4.3 NARDL long-run form and bounds test

Table4 showstheestimationof long-run form andboundstestresults.Weobservethat the
calculatedF-statistic,whichis7.33,isgreaterthantheupperboundlimit I(1), ata1%leveli.e.,
4.37.Thisresultisevidencethat thereiscointegration(long-run relationship)amongthe
variables.

In viewof Eq2,Table4 resultsshowthat in theshort-runthecoefficientsof D(EG_POS
(-1)), D(EG_NEG(-2)),D(IQ(-2)), andD(UE(-1)) areall statisticallysignificantat5%level,
while therestof thecoefficientsarenot statisticallysignificant.In thelong-run,thecoefficients
of UE(-1)andCE(-1)arebothstatisticallysignificantata5%level.Sincesomeof thevariables
in theNARDL estimationarenot significant,for forecastingandexploringthelong-run asym-
metric relationship,aparsimoniousmodelbasedon NARDL findingsneedsto beestimated.
Hence,weestimateastepwiseregressionbasedon Table4 results.

4.4 Stepwise estimation

Theupperpartof Table4 showsaform of parsimoniousmodelwhichhasbeendepictedby
theAIC criteria.Table5showstheresultsof StepwiseRegressionwhenCEis thedependent
variable.Theparsimoniousestimationresultsshowthat in thelong-run changesin CEare
explainedbyCE(-1)andIQ(-1). In theshort-run,changesin CEaresignificantlyaccounted
for byD(CE(-1))andD(EG_POS(-1)).Besides,our parsimoniousresultsfulfill theanticipa-
tion thatθ1, θ2> 0.Thenon-significanceof EG_POS(-1)andEG_NEG(-1)in thelong-run,
while IQ(-1) issignificantin thelong-run isveryrevealing.Thissuggeststhat in thecaseof
Tanzania,unlike thetraditionalexpectationthathigherlevelsof economicgrowthwill deliver
increasedconsumptionexpenditureandsoalleviateconsumptiondeprivationboth in thelong
andshort-run,on thecontrary,in thelong-run increasedeconomicgrowthalonecannotsig-
nificantly lowerconsumptiondeprivationpoverty.Instead,in thelong-run,unlessincome
inequalityis fundamentallymanaged,increasedeconomicgrowthwill not leadto povertyalle-
viationbecauseincreasedbenefitsof economicgrowthwill beerodedbygrowingincome
inequalityaswellasunemployment.

4.5 Wald coefficient diagnostic test

Wald testisnecessaryto enableusto determinelong-run symmetry.Thestepwiseregression
resultshelpusto developestimationcommandsasshownin theupperpartof Table6,which
isarepresentationof stepwiseregressionresultsin Table5.Theestimationcommandidenti-
fiesthelong-run coeffectsof theindependentvariablesi.e.,C(3) to C(8).TheWald testfor the

Table 3. VAR lag order selection criteria.

Endogenous variables: CE

Exogenous variables: C EG IQ UE

Lag LogL LR FPE AIC SC HQ

0 -74.59199 NA� 16.08367 5.613714 5.804029� 5.671895�

1 -74.24025 0.577871 16.87800 5.660018 5.897911 5.732744

2 -72.40492 2.884083 15.94621� 5.600352� 5.885824 5.687623

� Indicateslagorderselectedby thecriterion

https://doi.org/10.1371/journal.pone.0270036.t003
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Table 4. ARDL long-run form and bounds test.

DependentVariable:D(CE)

ConditionalError CorrectionRegression

Variable Coefficient Std.Error t-Statistic Prob.

C 6.392531 6.584752 0.970808 0.4032

CE(-1)� -1.932861 0.543603 -3.555648 0.0379

EG_POS(-1) -0.019496 1.108228 -0.017592 0.9871

EG_NEG(-1) 0.259880 1.051838 0.247072 0.8208

IQ(-1) -4.184931 6.099286 -0.686135 0.5419

UE(-1) 1.164577 0.281881 4.131453 0.0257

D(CE(-1)) 0.247849 0.365234 0.678603 0.5460

D(EG_POS) -4.209486 1.454808 -2.893499 0.0628

D(EG_POS(-1)) -8.525093 2.386922 -3.571585 0.0375

D(EG_POS(-2)) -1.340253 2.770936 -0.483683 0.6617

D(EG_POS(-3)) 7.055739 1.944731 3.628131 0.0360

D(EG_NEG) 3.645085 1.813456 2.010022 0.1380

D(EG_NEG(-1)) 3.923847 2.042104 1.921473 0.1504

D(EG_NEG(-2)) -4.980706 1.754679 -2.838528 0.0657

D(EG_NEG(-3)) -7.198717 3.022139 -2.381994 0.0974

D(IQ) 2.052638 4.962288 0.413648 0.7069

D(IQ(-1)) 5.109531 5.640301 0.905897 0.4318

D(IQ(-2)) -14.03333 3.596815 -3.901600 0.0299

D(IQ(-3)) -7.471865 2.363949 -3.160755 0.0508

D(UE) 0.116548 0.168035 0.693597 0.5378

D(UE(-1)) -0.636641 0.171041 -3.722161 0.0338

D(UE(-2)) -0.139274 0.141980 -0.980942 0.3990
� p-valueincompatiblewith t-Boundsdistribution.

LevelsEquation

Case2:RestrictedConstantandNo Trend

Variable Coefficient Std.Error t-Statistic Prob.

EG_POS -0.010087 0.571950 -0.017636 0.9870

EG_NEG 0.134454 0.553401 0.242959 0.8237

IQ -2.165148 3.291425 -0.657815 0.5576

UE 0.602515 0.245516 2.454076 0.0913

C 3.307290 2.738357 1.207764 0.3137

EC= CEÐ(-0.0101�EG_POS+ 0.1345�EG_NEG -2.1651�IQ + 0.6025�UE + 3.3073)

F-BoundsTest Null Hypothesis:No levelsrelationship

TestStatistic Value Signif. I(0) I(1)

Asymptotic:n = 1000

F-statistic 7.339637 10% 2.2 3.09

K 4 5% 2.56 3.49

2.5% 2.88 3.87

1% 3.29 4.37

ActualSampleSize 25 FiniteSample:n = 30

10% 2.525 3.56

5% 3.058 4.223

1% 4.28 5.84

Note:ThevariablesEG_POS(-1),EG_NEG(-1),IQ(-1), UE(-1),D(CE(-1)), D(EG_POS), D(EG_POS(-1)), D(EG_POS(-2)), D(EG_POS(-3)),D(EG_NEG), D(EG_NEG

(-1)), D(IQ), D(IQ(-1)), D(IQ(-2)), D(IQ(-3)), D(UE),D(UE(-1)), andD(UE(-2)),aresystemgeneratedandtheyreferto theshort-runchanges(increaseor decrease) of

theprimary variablesdefinedunderequationoneabove.

https://doi.org/10.1371/journal.pone.0270036.t004
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long-run asymmetrywill thereforeseekto identify if C(3)= C(4).Table7 summarizesthe
Wald testresults.

Table7 showsWald testcoefficientdiagnosticresults.Thedecisioncriterion is that if we
fail to rejectthenull hypothesisi.e.if thevariablesareequal,thenweconcludethat thereis
long-run asymmetry.Table7 resultsaffirm that theprobability,ata5%critical valuelevel,
couldnot rejecttheequalityof C(3)andC(4)whichmeansthereis long-run symmetry.These
resultsarefurther enrichedbyplotting theNARDL multiplier effectscurve,i.e.,Fig 2: Multi-
plier graph for EG(Pos) and EG(Neg). Thecontinuousblackline in themiddleof thechat
showshowtheconsumptionexpenditure(CE)adjustsdueto positiveshocksin economic
growth(EG).Theblackdottedline (overlappingtheblackline) showshowCErespondsto
negativeshocksin theEG.Thepatternof thesetwo linesgivestheimpressionthat thedepen-
dentvariablerespondsalmostin thesamewayto thepositiveandnegativeshocksin the
regressors.Thebolddash-dottedredline in themiddleof thechatis theasymmetryplot; it

Table 5. Stepwise regression.

Dependent Variable: D(CE)

Variable Coefficient Std. Error t-Statistic Prob.�

C 6.058014 1.926842 3.144012 0.0053

CE(-1) -1.361729 0.263318 -5.171417 0.0001

EG_POS(-1) 0.194350 0.486186 0.399743 0.6938

EG_NEG(-1) 0.681684 0.658160 1.035742 0.3133

IQ(-1) -3.625603 1.829499 -1.981746 0.0622

UE(-1) -0.024399 0.096638 -0.252483 0.8034

D(CE(-1)) 0.579567 0.184611 3.139390 0.0054

D(EG_POS(-1)) -2.445476 1.160555 -2.107160 0.0486

R-squared 0.664271 Meandependent var -0.014847

AdjustedR-squared 0.540581 S.D.dependent var 5.228283

S.E.of regression 3.543752 Akaikeinfo criterion 5.609444

Sumsquaredresid 238.6054 Schwarzcriterion 5.993396

Loglikelihood -67.72749 Hannan-Quinn criter. 5.723613

F-statistic 5.370468 Durbin-Watsonstat 2.303003

Prob(F-statistic) 0.001621

SelectionSummary

AddedD(CE(-1))

AddedD(EG_POS(-1))

�Note:p-valuesandsubsequenttestsdo not accountfor stepwiseselection.

https://doi.org/10.1371/journal.pone.0270036.t005

Table 6. Estimation command, equation, and substituted coefficients.

EstimationCommand:
STEPLS(METHOD = UNI, FTOL= 0.05)D(CE)C CE(-1)EG_POS(-1)EG_NEG(-1) IQ(-1) UE(-1)@D(CE(-1))
D(EG_POS)D(EG_POS(-1)) D(EG_POS(-2)) D(EG_POS(-3)) D(EG_NEG)D(EG_NEG(-1))D(EG_NEG(-2)) D
(EG_NEG(-3)) D(IQ) D(IQ(-1)) D(IQ(-2)) D(IQ(-3)) D(UE) D(UE(-1)) D(UE(-2))
EstimationEquation:
D(CE)= C(1)+ C(2)�CE(-1)+ C(3)�EG_POS(-1) + C(4)�EG_NEG(-1) + C(5)�IQ(-1) + C(6)�UE(-1)+ C(7)�D(CE
(-1)) + C(8)�D(EG_POS(-1))
SubstitutedCoefficients:
D(CE)= 6.0580141713±1.36172911395�CE(-1)+ 0.194349519074�EG_POS(-1) + 0.681684343248�EG_NEG(-1)-
3.6256028089�IQ(-1) - 0.0243992997058�UE(-1)+ 0.57956680629�D(CE(-1))- 2.44547606043�D(EG_POS(-1))

https://doi.org/10.1371/journal.pone.0270036.t006
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depictsthedifferencebetweenthedynamicmovementsof positiveandnegativechangesin the
regressor.Theasymmetryplot liesbetweentheupperandlowerbounds(i.e.,thesmalldashed
redline) of the95%confidenceinterval.Sincepartof thehorizontalzeroline liesoutsidethe
critical boundregion,thenthefigureaffirmstheexistenceof long-run asymmetry.

4.6 Causality test

Sincecointegrationexistsamongthevariables,vectorerror correction(VEC)causalitycanbe
estimated.Thecausalityestimationresults,assummarizedin Table8,formsabasisfor infer-
ring long-run andshort-runcausalityamongthevariables:In theshort-run,thereisbidirec-
tional causalitybetweenconsumptionexpenditureandeconomicgrowth;unidirectional
causalityfrom incomeinequalityto consumptionexpenditure;andfrom unemploymentto

Table 7. Wald test.

Test Statistic Value Df Probability

t-statistic -1.853106 19 0.0795

F-statistic 3.434002 (1,19) 0.0795

Chi-square 3.434002 1 0.0639

Null Hypothesis:C(3)= C(4)

Null HypothesisSummary:

NormalizedRestriction(= 0) Value Std.Err.

C(3)ÐC(4) -0.487335 0.262983

Restrictionsarelinearin coefficients.

https://doi.org/10.1371/journal.pone.0270036.t007

Fig 2. Multiplier graph for EG(Pos) and EG(Neg).

https://doi.org/10.1371/journal.pone.0270036.g002
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consumptionexpenditure.In thelong-run,thereisunidirectionalcausalityfrom consumption
expenditureto economicgrowth,andfrom consumptionexpenditureto unemployment.
Theseresultsareconsistentwith theNARDL findings.

4.7 Diagnostic tests

To assesstherobustnessof our findings,threekeytestswerecarriedout:serialcorrelationLM
test,Heteroskedasticity,andnormality test.Theresultsaresummarizedandpresentedin
Table9.Sincethep-valuecorrespondingto theSerialcorrelationLM testisbiggerthan0.05,
wefail to rejectthenull hypothesisandconcludethatour modelisnot sufferingfrom residual
autocorrelation.Likewise,theF-testof heteroskedasticitytesthasasignificanceof 0.942which
isgreaterthan0.05.Thus,werejectthenull hypothesisandaffirm that theresidualsarehomo-
scedastic.Finally,thep-valuefor thenormality testisgreaterthan0.05;wefail to rejectthe
null hypothesis.Therefore,theresidualsaremultivariatenormal.

4.8 Model stability test

To testfor modelstability,weemployedCUSUMandCUSUMSquareTestandtheresultsare
depictedbyFig 3: Model stability: CUSUM& CUSUM Square Test. Theupperpartof thefigure
representstheCUSUMline chart,andthelowerpart representstheCUSUMSquareline
chart.Thetwo chartsarebasedon accumulatedresidualsandaggregateresidualsquares,
respectively.While theCUSUMdetectssystematicmodificationsin regressioncoefficients,the
CUSUMSquaretestdetectsdrasticchangesin thepermanenceof theregressioncoefficients.
Thedottedredlinesin bothchartsrepresenttheupperandlowerboundary(i.e.,control line)
of theCUSUMandCUSUMSquarechats.Thebluelinesin theupperchartandlowerchart
representCUSUMandCUSUMSquarerespectively.Therefore,thefiguresuggeststhat the

Table 8. Causality test—t-statistic approach.

Dependent variable Independent Variable Coefficient t-Statistic Causality

D(CE) C(1)= CE(-1) -1.1511��� -4.660440 Long-runcausality

C(2)= D(CE(-1)) 0.6777��� 2.935711 Short-run causality

C(3)= D(EG(-1)) -1.1569� -1.662956 Short-run causality

C(4)= D(IQ(-1)) 2.8003� 1.790270 Short-run causality

C(5)= D(UE(-1)) -0.1678� -1.793193 Short-run causality

D(EG) C(7)= CE((-1) -0.1410� -1.739705 Long-runcausality

C(8)= D(CE(-1)) 0.1350� 1.782344 Short-run causality

C(9)= D(EG(-1)) -0.4418� -1.935076 Short-run causality

D(IQ) C(16)= D(IQ(-1)) -0.3926�� -2.078803 Short-run causality

D(UE) C(19)= CE(-1) -1.1720� -1.792856 Long-runcausality

Note
�, ��, and��� indicatestatisticallysignificantat10%,5%and1%respectively.

https://doi.org/10.1371/journal.pone.0270036.t008

Table 9. Diagnostic tests.

Null Hypothesis (Ho) F-statistic p-value Remarks

SerialcorrelationLM test Thereis no problemwith serialcorrelation 2.3237 0.4208 Fail to rejectHo

Heteroskedasticity Theresidualsarehomoscedastic 0.3426 0.9420 Fail to rejectHo

Normality test Residualsaremultivariatenormal Jarque-Bera: 1.4486 p-value:0.4846 Fail to rejectHo

https://doi.org/10.1371/journal.pone.0270036.t009
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Fig 3. Model stability: CUSUM & CUSUM square test.

https://doi.org/10.1371/journal.pone.0270036.g003
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modelisstablebecauseboth theCUSUMandCUSUMSquareline chartslie within the5%
specifiedcritical boundary.

5.0 Concluding remarks and policy implications
Thispaperanalyzedtheimpactsof economicgrowthon percapitaconsumptionexpenditure
in Tanzania.To capturethelong-run andshort-runasymmetricrelationshipbetweencon-
sumptionexpenditureandeconomicgrowth,weadoptedthenonlinearautoregressivedistrib-
utedlag(NARDL) modelandWald test.Further,to explorethecausalrelationshipamongthe
variables,(i.e.,percapitaconsumptionexpenditure,economicgrowth,incomeinequality,and
unemployment),weemployedtheGrangercausalitytestapproach.Theestimatedresultscon-
firmed thepresenceof long-run andshort-runasymmetricbehaviorof economicgrowth.In
thelong-run,changesin incomeinequalityaresignificantandtheyaccountfor changesin
consumptionexpenditure.In theshort-run,anincreasein economicgrowthisassociatedwith
increasingconsumptionexpenditureandviceversa.Besides,thecausalitytestconfirmsabidi-
rectionalcausalitybetweenconsumptionexpenditureandeconomicgrowthin theshort-run.
Likewise,in theshort-run,thereisunidirectionalcausalityfrom incomeinequalityto con-
sumptionexpenditure,andfrom unemploymentto consumptionexpenditure.In thelong-
run, thestudygeneratedevidenceof unidirectionalcausalityfrom consumptionexpenditure
to economicgrowth,andfrom consumptionexpenditureto unemployment.Thecausality
resultsareconsistentwith theNARDL results.

Fromapolicyviewpoint,this researchdemonstratessomekeyconclusions,pointing to the
applicationsof thefindings:First,theevidenceshowsthatonly incomeinequalityissignificant
in thelong-run,andeconomicgrowthin theshort-run indicatesthesystemiceffectof inequal-
ity in theredistributionof income.It affirmsthat in thecaseof Tanzania,increasedeconomic
growthisnecessaryfor containingconsumptiondeprivationbut in thelong-run,therising
incomeinequalityinteractswith economicgrowthanddampensthepositivepoverty-alleviat-
ing impactof economicgrowth.Thus,policyattentionshouldbedirectedto containing
incomeinequalityif increasedbenefitsof economicgrowthshouldcountsignificantlyin
reducingconsumptionpovertyandimprovingpopulations'wellbeing.Robusteconomic
growth-relatedpoliciesto spearheadpovertyalleviationmustbeaccompaniedbystrategiesto
alleviateincomeinequality.For therealpoor to realizethefull benefitsof economicgrowth,it
isnecessaryto institutepolicyinstrumentsto encourageeconomicprogressandat thesame
time addresstheappallingstructureswhichgiveriseto incomeinequality.Strengtheningcol-
lectivebargainingrightsamongthelow- andmiddle-incomeearners,promotingtheadoption
of living-wagepolicies,theintroduction of strongerminimum wagelaw,subsidizingtheprovi-
sionof publicgoodse.g.,healthcareandeducation,facilitatinggreateraccessto higher-
incomejobs,andpromotingworkers'rightsto resourcesownershiparesomeof therecom-
mendedprogramsto containincomeinequality.

Second,theshort-runbidirectionalcausalitybetweenconsumptionexpenditureandeco-
nomicgrowthindicatesthatpoliciesto promoteeconomicgrowthwill leadto increasedcon-
sumptionexpenditureandviceversa.Theshort-rununidirectionalcausalityfrom income
inequalityandunemploymentto consumptionexpenditureunderscorestheneedfor policy
instrumentsto containboth incomeinequalityandunemployment,promoteincreasedcon-
sumptionexpenditure,andimprovethepopulation'swellbeing.High- andpersistent-income
inequalityandunemploymenterodeindividuals'ability to accessnecessitiesof life dueto lack
of necessaryincomeandsodeepensdeprivationpoverty.For instance,unemploymentisasso-
ciatedwith limited autonomousconsumption,which isameresubsistence,andit doesnot
providemultiplying effectsfor improvedwellbeing.
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Third, theevidencethat in thelong-run incomeinequalityinfluencethelevelof consump-
tion expenditureandin turn consumptionexpenditureGrangercausesthelevelof economic
growthandunemploymentimpliesthatpoliciesto containincomeinequalityin Tanzaniawill,
in thelong-run,carbunemploymentandpromoteeconomicgrowthandconsumptionexpen-
diture. In thelong-run, incomeinequalityhasasignificantsappingeffecton economicgrowth.
Thus,sinceincomeinequalityin Tanzaniaismostlymanifestedin theagriculturesector,(as
comparedto othersectors),andsincethesectorhoststhemajority of thecountry'spoor,for
povertyreductioninitiativesto beeffective,concertedeffortsmustbefocusedon transforming
agriculturesectorto promoteincomeandemploymentwithin thesector.Improvedfarmers'
accessto credit facilities,regularhands-ontraining on improvedfarmingandanimalhus-
bandry,processingof agriculturalproductsin situ for valueaddition,accessto simpletechnol-
ogiesto reducepost-harvestlosses,andimprovedaccessto marketandresourcesownership
aresomeof therecommendedstrategiesto transformtheagriculturesector.Besides,policy
instrumentspromotinginvestmentin theagriculturesectoraresignificantfor povertyreduc-
tion andimprovedwellbeing.In thecaseof Tanzania,promotingeconomicgrowth,without a
simultaneousimplementationof robustpoliciesto tackleincomeinequalitywhichperpetuates
povertyat thegrassroots,will not deliverthedesiredlong-run results.

Themain limitation of our studyis theavailabilityof data,i.e.,thereareno reliablesources
of data,for thevariablesin question,for theperiodbefore1991.Asaresult,theresearchhadto
usearelativelysmallsample,i.e.,datafor theperiod1991±2020.To addressthisproblemthe
authorssettledfor theNARDL methodologybecauseit isamorereliablemethodin thepres-
enceof smallsamples.

Finally,for futureresearchexaminingthegrowth-povertydilemmain developingcountries,we
recommendresearchin thefollowingareas.First,explorationof otherfactorswhicharedeemedto
contributeto thegrowth-povertynexus.Theseincludedemographicfactors(e.g.,theinfluenceof
rapidlyincreasingpopulationanditsqualityon consumptionpoverty),methodologicalchallenges
(e.g.,thelimited budgetandlackof adequateskillsneededfor datacollection,processing,andman-
agementbycountries'bureauof statistics),andstagnationin theagriculturalsector.For instance,in
Tanzaniaeventhoughthesectorhostsover74%of thepopulation,it is facingmultiplechallenges
suchaslimited publicexpenditure,pooraccessto privatelandownership,lackof accessto credit
facilities,etc.Second,exclusiveinvestigationof thegrowth-povertydilemmafrom anethicalper-
spectiveisunder-researchedin developingnations.Suchaninvestigationwill providecorroborating
evidenceon theroleof ethicsin theongoingeffortsto accountfor theevolutionof poverty,thereby
addressingtheprevailingscenarioof growthwithout prosperityin developingnations.For instance,
scholarsmayconsiderresearchingareassuchasevaluatingcommitmentsof multinationalcorpora-
tionson povertyalleviation,stakeholders'perceptionsabouttheeffectivenessof corporatesocial
responsibilityaspovertyalleviationandwellbeingimprovementstrategy,andethicalinnovationto
povertyreduction.Third, werecommendasectoralanalysisto depicttheeffectsof economicgrowth
bysectorsandthesectoralimpacton povertyalleviation.
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5. Škare M. and Družeta R. P., ‘Poverty and economic growth: a review’, Technological and Economic

Development of Economy, vol. 22, no. 1, pp. 156–175, Jan. 2016, https://doi.org/10.3846/20294913.

2015.1125965

6. Suryahadi A., Hadiwidjaja G., and Sumarto S., ‘Economic growth and poverty reduction in Indonesia

before and after the Asian financial crisis’, Bulletin of Indonesian Economic Studies, vol. 48, no. 2, pp.

209–227, 2012.

7. ‘WDI—Home’. https://datatopics.worldbank.org/world-development-indicators/ (accessed Jun. 11,

2022).

8. Diamond L. and Plattner M. F., Democratization in Africa: Progress and Retreat. JHU Press, 2010.

9. Mashindano O. and Maro F., ‘Growth without poverty reduction in Tanzania: Reasons for the mis-

match’, Kessy F., Mashindano O., Shepherd A. & Scott L L., eds. Translating Growth Into Poverty

Reduction: beyond the numbers. Dar es Salaam: Mkuki na Nyota, 2011.

10. Nelson F., ‘Blessing or curse? The political economy of tourism development in Tanzania’, Journal of

Sustainable Tourism, vol. 20, no. 3, pp. 359–375, Apr. 2012, https://doi.org/10.1080/09669582.2011.

630079

11. Garza-Rodriguez J., ‘Poverty and economic growth in Mexico’, Social Sciences, vol. 7, no. 10, p. 183,

2018.

12. Shao L. F. and Krause M., ‘Rising mean incomes for whom?’, PloS one, vol. 15, no. 12, p. e0242803,

2020. https://doi.org/10.1371/journal.pone.0242803 PMID: 33326451

13. ‘Sustainable Development Goals (SDGs) and Disability | United Nations Enable’, May 14, 2015. https://

www.un.org/development/desa/disabilities/about-us/sustainable-development-goals-sdgs-and-

disability.html (accessed Sep. 08, 2021).

14. Heshmati A., ‘The Relationship between Income Inequality, Poverty and Globalization’, in The Impact

of Globalization on the World’s Poor: Transmission Mechanisms, Nissanke M. and Thorbecke E., Eds.

London: Palgrave Macmillan UK, 2007, pp. 59–93. https://doi.org/10.1057/9780230625501_3

15. Ho S.-Y. and Iyke B. N., ‘Finance-growth-poverty nexus: a re-assessment of the trickle-down hypothe-

sis in China’, Economic Change and Restructuring, vol. 51, no. 3, pp. 221–247, 2018.

16. Mundial B., ‘Equity and Development, World Development Report’, Washington DC, Banco Mundial,

2006.

17. Sehrawat M. and Giri A. K., ‘The impact of financial development, economic growth, income inequality

on poverty: evidence from India’, Empir Econ, vol. 55, no. 4, pp. 1585–1602, Dec. 2018, https://doi.org/

10.1007/s00181-017-1321-7

PLOS ONE Is Tanzania’s economic growth leaving the poor behind?

PLOS ONE | https://doi.org/10.1371/journal.pone.0270036 July 8, 2022 17 / 19

https://doi.org/10.1016/j.heliyon.2020.e05631
https://doi.org/10.1016/j.heliyon.2020.e05631
http://www.ncbi.nlm.nih.gov/pubmed/33313434
https://doi.org/10.3846/20294913.2015.1125965
https://doi.org/10.3846/20294913.2015.1125965
https://datatopics.worldbank.org/world-development-indicators/
https://doi.org/10.1080/09669582.2011.630079
https://doi.org/10.1080/09669582.2011.630079
https://doi.org/10.1371/journal.pone.0242803
http://www.ncbi.nlm.nih.gov/pubmed/33326451
https://www.un.org/development/desa/disabilities/about-us/sustainable-development-goals-sdgs-and-disability.html
https://www.un.org/development/desa/disabilities/about-us/sustainable-development-goals-sdgs-and-disability.html
https://www.un.org/development/desa/disabilities/about-us/sustainable-development-goals-sdgs-and-disability.html
https://doi.org/10.1057/9780230625501%5F3
https://doi.org/10.1007/s00181-017-1321-7
https://doi.org/10.1007/s00181-017-1321-7
https://doi.org/10.1371/journal.pone.0270036


18. Ehigiamusoe K. U., Majeed M. T., and Dogan E., ‘The nexus between poverty, inequality and environ-

mental pollution: Evidence across different income groups of countries’, Journal of Cleaner Production,

vol. 341, p. 130863, Mar. 2022, https://doi.org/10.1016/j.jclepro.2022.130863

19. Ahmad F., Draz M. U., Su L., Ozturk I., Rauf A., and Ali S., ‘Impact of FDI Inflows on Poverty Reduction

in the ASEAN and SAARC Economies’, Sustainability, vol. 11, no. 9, p. 2565, 2019.

20. Basu S. and Mallick S., ‘When does growth trickle down to the poor? The Indian case’, Cambridge Jour-

nal of Economics, vol. 32, no. 3, pp. 461–477, 2008.

21. Burnside C. and Dollar D., ‘Aid, growth, the incentive regime, and poverty reduction’, The World Bank:

Structure and Policies, vol. 3, no. 2, pp. 200–227, 2000.

22. Hassan S. A., Zaman K., and Gul S., ‘The relationship between growth-inequality-poverty triangle and

environmental degradation: unveiling the reality’, Arab Economic and Business Journal, vol. 10, no.

1, pp. 57–71, 2015.

23. Kyara V. C., Rahman M. M., and Khanam R., ‘Tourism expansion and economic growth in Tanzania: A

causality analysis’, Heliyon, vol. 7, no. 5, p. e06966, May 2021, https://doi.org/10.1016/j.heliyon.2021.

e06966 PMID: 34027171

24. Read D. M. Y. and Parton K. A., ‘Economic Deregulation and Trade Liberalization in Kenya, Tanzania

and Uganda: Growth and Poverty’, Journal of Economic Issues, vol. 43, no. 3, pp. 567–586, Sep. 2009,

https://doi.org/10.2753/JEI0021-3624430301

25. Marrero G. A. and Servén L., ‘Growth, Inequality, and Poverty: A Robust Relationship?’, World Bank

Policy Research Working Paper, no. 8578, 2018.

26. Alkire S., Roche J. M., Ballon P., Foster J., Santos M. E., and Seth S., Multidimensional Poverty Mea-

surement and Analysis. Oxford University Press, 2015.

27. Alkire S. and Santos M. E., ‘A Multidimensional Approach: Poverty Measurement & Beyond’, Soc Indic

Res, vol. 112, no. 2, pp. 239–257, Jun. 2013, https://doi.org/10.1007/s11205-013-0257-3

28. Curto J. and Pinto J., ‘Predicting the financial crisis volatility’, Economic Computation And Economic

Cybernetics Studies and Research Journal, vol. 46, no. 1, pp. 183–195, 2012.

29. Dakhlaoui I. and Aloui C., ‘The interactive relationship between the US economic policy uncertainty and

BRIC stock markets’, International Economics, vol. 146, pp. 141–157, 2016.

30. Katrakilidis C. and Trachanas E., ‘What drives housing price dynamics in Greece: New evidence from

asymmetric ARDL cointegration’, Economic Modelling, vol. 29, no. 4, pp. 1064–1069, 2012.

31. Lahiani A., Hammoudeh S., and Gupta R., ‘Linkages between financial sector CDS spreads and macro-

economic influence in a nonlinear setting’, International Review of Economics & Finance, vol. 43, pp.

443–456, 2016.

32. Lacheheb M. and Sirag A., ‘Oil price and inflation in Algeria: A nonlinear ARDL approach’, The Quarterly

Review of Economics and Finance, vol. 73, pp. 217–222, Aug. 2019, https://doi.org/10.1016/j.qref.

2018.12.003

33. Liang C. C., Troy C., and Rouyer E., ‘U.S. uncertainty and Asian stock prices: Evidence from the asym-

metric NARDL model’, The North American Journal of Economics and Finance, vol. 51, p. 101046,

Jan. 2020, https://doi.org/10.1016/j.najef.2019.101046

34. Datt G. and Ravallion M., ‘Growth and redistribution components of changes in poverty measures: A

decomposition with applications to Brazil and India in the 1980s’, Journal of development economics,

vol. 38, no. 2, pp. 275–295, 1992.

35. Stoyanova S. and Tonkin R., ‘An expenditure-based approach to poverty in the UK’, 2018.

36. Spicker P., ‘Definitions of poverty: twelve clusters of meaning’, Poverty: An international glossary, vol.

1, no. 84277–84824, p. 229, 2007.

37. Gore A. P., Kumar T. K., Paranjpe S. A., Sastry J. G., and Sitaramam V., ‘Measurement of poverty

through consumption deprivation’, in a Seminar on Quantitative Analysis of Economic Inequality and

Poverty, March, 1994, pp. 17–18.

38. Johnson D. S., ‘Measuring consumption and consumption poverty: possibilities and issues’, Reconsid-

ering the Federal Poverty Measure, 2004.

39. Pape U. J. and Mistiaen J. A., ‘Household expenditure and poverty measures in 60 minutes: a new

approach with results from Mogadishu’, World Bank Policy Research Working Paper, no. 8430, 2018.

40. Adelakun O. J., ‘Human capital development and economic growth in Nigeria’, European journal of busi-

ness and management, vol. 3, no. 9, pp. 29–38, 2011.

41. Adu G., Marbuah G., and Mensah J. T., ‘Financial development and economic growth in Ghana: Does

the measure of financial development matter?’, Review of Development finance, vol. 3, no. 4, pp. 192–

203, 2013.

PLOS ONE Is Tanzania’s economic growth leaving the poor behind?

PLOS ONE | https://doi.org/10.1371/journal.pone.0270036 July 8, 2022 18 / 19

https://doi.org/10.1016/j.jclepro.2022.130863
https://doi.org/10.1016/j.heliyon.2021.e06966
https://doi.org/10.1016/j.heliyon.2021.e06966
http://www.ncbi.nlm.nih.gov/pubmed/34027171
https://doi.org/10.2753/JEI0021-3624430301
https://doi.org/10.1007/s11205-013-0257-3
https://doi.org/10.1016/j.qref.2018.12.003
https://doi.org/10.1016/j.qref.2018.12.003
https://doi.org/10.1016/j.najef.2019.101046
https://doi.org/10.1371/journal.pone.0270036


42. Odhiambo N. M., ‘Energy consumption and economic growth nexus in Tanzania: An ARDL bounds test-

ing approach’, Energy policy, vol. 37, no. 2, pp. 617–622, 2009.

43. Saqib N., Masnoon M., and Rafique N., ‘Impact of foreign direct investment on economic growth of Paki-

stan’, Advances in Management & Applied Economics, vol. 3, no. 1, pp. 35–45, 2013.

44. De Haan J. and Sturm J.-E., ‘Finance and income inequality: A review and new evidence’, European

Journal of Political Economy, vol. 50, pp. 171–195, 2017.

45. Munir K. and Sultan M., ‘Macroeconomic determinants of income inequality in India and Pakistan.’, The-

oretical & Applied Economics, vol. 24, no. 4, 2017.

46. Wan G., ‘Accounting for income inequality in rural China: a regression-based approach’, Journal of

Comparative Economics, vol. 32, no. 2, pp. 348–363, 2004.

47. Park J.-W. and Kim C. U., ‘Getting to a feasible income equality’, PloS one, vol. 16, no. 3, p. e0249204,

2021. https://doi.org/10.1371/journal.pone.0249204 PMID: 33784360

48. Sen A., ‘Conceptualizing and measuring poverty’, Poverty and inequality, pp. 30–46, 2006.

49. Lahoti R., Jayadev A., and Reddy S. G., ‘The global consumption and income project’, 2015.

50. CHIKRI H., MOGHAR A., KASSOU M., HAMZA F., Essaâdi-Morocco A., and BOUREKKADI S., ‘The
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