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Abstract

In this notewe developa simpleheterogeneous-agemodelwith incompletemarketsto explain the
prevalenceof a large, low-productvity, informal sectorin developing countries. In our model, taxes
levied on formal sectoragentsare usedto financethe provision of a productve public infrastructure,
which createsa productiity premiumfrom formalization.Our modeloffersendogenouslifferentiation
of rich andpoor countries.Completeformalizationis an equilibriumonly in countrieswith the appro-
priateinitial conditions.We discussexistenceof this equilibriumandhighlight the ambiguouseffect of
taxes.
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1 Intr oduction

Dualismin the organizatiorof productionactivitiesis very penasie in developingcountrieswith informal,
low-productvity methodf productioncoexistingwith higherproductvity, formal methods While 17%of
thework forcein OECD countriesoperatesn theinformal sector this figure,in developingcountriesyises
to 60% (lhrig andMoe, 2000). In this note,we askwhy sucha significantproportionof the economy-wide
resourcesemaingrappedn thelow-productvity, informal sector We addressheissueof policy responses
towardsinformal organizationof productionandemphasiz¢he ambiguouseffect of taxation.

We do so within a heterogeneous-agt modelin which the existenceof stratgic complementarities
generatesnultiple, Pareto-rankd, equilibriumformal sectorsizes. Our modelhasfour mainassumptions:
() the provision of public infrastructurecreatesa productvity premiumfrom formalization. Formalizing
productiondoesnot just meantakinganold technologyandmakingit legal, it implies switchingfrom low-
to high-productiity technologiedo take adwantageof the availability of public infrastructures. (ii) The
productvity premiumfrom formalizationincreasesvith infrastructurequality; (iii) this quality depend®n
thelevel of publicfundscollectedfrom theformal sector;and(iv) marketsareincompletej.e. agentannot
buy or sell assetdn responsdo exogenoushangesn their ervironment.
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IHigh-productvity technologiesely onmassproductionwhich requiresmarketing, itselfin needof infrastructuregor shipping
andhandling.
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Stratgjic complementaritiesrisein the modelbecausehe tax financingthe provision of productvity-
enhancindnfrastructurds levied on formal sectoragentnly, which makesthe productvity premiumfrom
formalizationdependentipontheformal sectorsize. In this context of multiple equilibria, it is well knowvn
that banninginformality is justifiable on efficiengy grounds,unlessan equilibriumwith completeformal-
izationdoesnot exist. Hencethe importanceof discussingsufficient conditionsfor suchan equilibriumto
exist. In our discussionwe emphasizehe interplay betweenexpectationsandhistoricallegaciesin deter
mining sufiicient conditionsfor aneconomyto benefitfrom the enforcemenof abanon informal actvities.
By combiningexpectationsand historicallegaciesin this manney our analysisbridgestwo strandsof the
literature on the causesof underdevelopment: a theoreticalliterature emphasizingcoordinationfailures
(Rosenstein-Rodai943;Murphy, ShleiferandVishry, 1989)andaneo-classicditerature(Saint-Rwl and
Verdier 1993;ParenteandPrescott1994and1999)? Unlike thosestudiesin which rich andpoorcountries
facethe samemenuof equilibria, our modelprovidessymmetry-breakindpetweerrich andpoor countries
in thesenseof Matsuyamg1996).

We find that an equilibrium with full formalizationis unlikely to exist in poor countries. Moreover,
reducingthelevel of thetax financingproductie public infrastructuremayfail to leadto the emegenceof
this equilibrium. Unlike in Fortin etal. (1997)andlhrig andMoe (2000),reducingthe costof formalization
may in factincreasehesizeof theinformal sector In otherwords,our modelelicits the ambivalentrole of
tax reformsasa policy instrumentor eliminatinginformality.

2 The model

We considera two-periodeconomywith a singleconsumptiorgood. The economyis populatedby a con-

tinuum of two-periodlived consumers-entreprears of massl, eachindexed by 6, the agents endavment
of productve capital. We denoteby ¥ () the measureof agentswith endavmentsmallerthand. ¥(.) is

strictly increasinganddifferentiableover the support [6, 8], where0 < 8 < # < co. Onecanthink of en-

dowvmentseitherashumancapital(entrepreneuriahbility) or physicalcapital. Agentsmaximizethe present
valueof theiridentical, life-time utility throughthe choiceof first-periodandsecond-periodonsumptions
respectiely, ¢; andc,y. Thislife-time utility is givenby U = u(c1) + Bu(cz), wheres € (0,1) is atime-

discountingfactor andw(.) the periodicutility function,which is strictly increasingstrictly concae, and

satisfiednadaconditions.

In periodl, only acottage-industrjow-productvity technologyis availablefor producingtheconsump-
tion good. It is assumedwithout lossof generality thatanagent? who usesthis technologyin absencef
public infrastructurescan producef units of the good. Agentscan allocatean exogenouslydetermined
sumg¢ from theirfirst-periodproduction/incoméo contrituteto thefinancingof a productie infrastructure,
necessaryor the adoptionof a high-productity technology Formalizationin our modelis a processof

25eeKrugman(1991)for asurwey of thesditeratures Adse@ andRay (1998)have amodelin which historyfavorsinertiaasa
coordinatiormechanism.



acquiringtheright to usea productve, publicly-financednfrastructure.Oncetheinfrastructurds built, in
period2, thosewho did not contritute canneverthelessiseit, but they cannotadoptthe high-productiity
technology This correspond$o a scenariovherethehigh-productity technologyis freely distributedonly
to thosewho paidtheformalizationfee. Let o denotethe numberof agentsvho electto formalize. Assum-
ing a balancecbudget,the quality of the infrastructurebuilt is givenby X = a¢.® In period2, therefore,
thosewho paid the fee operatethe high-productiity technologyyy = f(X, 8), while the othersoperate
the cottage-industryechnologyy;, = g (X, 8). Thefunctionsf andg have thefollowing properties:

A.l1 Forall X > 0, andfor all 8 € [8,8], fo > 0, g9 > 0; f(0,0) = 0, while g (0,60) = 8 andg(X, 6) > 6.

A.2 Forall X > 0, andforall 6 € [6,6], f(X,0) —g(X,0) > 0;andfx — gx > 0.

AssumptionA.1 impliesthatinfrastructurewhile productve in bothtechnologiesis only essentiafor
operatingthe high-producttity technology AssumptionA.2 statesthat the availability of infrastructure
generates productvity premiumfrom formalization,sinceformalizationinvolvesthe adoptionof a more
productie technology This productvity premiumis increasingn the quality of infrastructure.

Given¢ > 0, agentschoosewhetheror not to go formal by anticipatingthe effect of this decisionon
their first- andsecond-perio@donsumptionsDenoteby = eachagents organizationakchoice:z = 1 if the
agentgoesiormal,z = 0 otherwise First-andsecond-periottudgetconstraintor agent) arerespecirely:
c1 <0 —zpande; < zf (X,0)+ (1 —z)g(X,0). Thisrestrictsthevalueof ¢ to bein (0, 8).

Let V(z; «, ¢, 8) denotethe present-alue of utility of anagentf, who takesactionz € {0,1} when
X = ag¢ isthequality of infrastructure Giventhe propertiesof «(.), budgetconstraintswill be saturated:

Vi(z;0,¢,0) = u(0 — 2¢) + fulzf(X(a, ¢),0) + (1 - z) g(X(, 4),0)] . (1)

Each agentdecideson whetheror not to formalize productionin the secondperiod by comparing
V(1;a,¢,0) andV (0; o, ¢, 0). Let u(a, ¢,0) denoteagentd’s netvaluefrom goingformalwhenX = ag:

M(Oé, ¢’9) = V(l;aa ¢50) - V(Oa a, ¢a0) (2)

The netvalue from formalizing dependauponthe realizedformal sectorsize, o, implying that there
arestratgic complementaritiebetweeragents’efforts to formalize,asthis conceptis usedin Matsuyama
(1996)andRay(2000).In particular assumingX > 0, if thepercentagehangen theproductvity premium
from formalizationfollowing a maiginal increasean infrastructurequality is sufficiently high, the netvalue
from formalizingcanbe shavn to beincreasingn «. In otherwords,if for all X > 0,

fx —gx _ W [g(X,0)] — [f(X,0)]
x 0 WU ©)

3We assumeway the possibility thatpartsof tax proceedsnay be consumedy thegovernmentr swallowedupin corruption.
We choseto abstractirom this aspectwhich hasbeentreatedby Sarte(2000), and highlight the fact that even if the whole tax
proceedsvereallocatedto infrastructureswithout ary corruption,therewould still be alargeinformal sectorin poorcountries.
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then:pa = B¢ (u[f(X,0)] fx —ulg(X,0)]gx) >0, (4)

Becauseof this interdependencef agents’decisions,eachagentmust form expectationsaboutothers’
behaior, whendecidingwhetheror notto go formal. Assumingthatindifferentagentschooseo formalize,
if agen® predictsthattherealizedormalsectorsizewill bea®, hewill formalizeif andonlyif p(a®, ¢,0) >
0. Hewill optfor the statusquootherwise.

In accordancewith the literature on stratgic complementaritiege.g. Katz and Shapiro,1985), we
assumehatagentshave identicalexpectation®f formal sectorsize,andthat,in equilibrium,agents’expec-
tationsarefulfilled. A fulfilled expectationsequilibrium (FEE) s a realizedformal sectorsize a suchthat
(i) agents'expectationsarefulfilled (i.e.,a = «f), and(ii) all agents'decisionsareoptimal. Thefollowing
Propositioncharacterizethe cut-off agentd* in aFEE.

Proposition1 GivenX > 0, if in additionto condition(3) wehave:

fo—go o ¥ [9(X,0)] - ' [(X,0)]
w © WX

thenthere existsa continuouslydifferentiablefunctionp sud that6* = p(a; ¢) andp, < 0.

(5)

Proof. Consideranindifferentagent,.e.,onesuchthatu(a, ¢,8) = 0. Then,by construction,

po =u' (0 —¢) —u' (0) + B (u'[f(X,0)] fo — u' [9(X, 0)] go) -

Given X > 0, the propertiesof . combinedwith condition(5) imply thatug > 0. The Implicit Function
Theoremmaythenbeappliedto establishtherestof theresult. m

Condition(5) stateghattherateatwhichtheproductvity premiumfrom formalizationincrease$ollow-
ing anincreasean theagents endavmentof the productive asse® hasto be suficiently high. The property
pa < 0impliesthatthehighertheexpectedormal sectorsize thelowerthelevel of capitalanagentmustbe
endavedwith in orderto beindifferentbetweerformalizingor not. Givenour normalizationof population
sizeandthedefinitionof ¥, therealizedformal sectorsizeis givenby:

a=1-U[p(a;9)]. (6)

Since,by Propositionl, p (a; ¢) is continuousin «, and ¥ is continuousby assumptionBrouwers fixed
pointtheoremguaranteeexistenceof afullfilled expectationgequilibrium. Clearly dependingyn thefunc-
tionswu, f, g, and¥, andonthelevel of ¢, thefixedpointproblemin (6) canadmitmultiple solutions.In the
next section,we characterizehe setof equilibriaandinvestigatepolicy responseto informality, including
therole of taxation.

3 Taxes,inequality, and the existenceof a full formalization equilibrium

In this section,we wantto emphasizeéhreemain results. First, therealways exists an equilibrium with
full informalization. Second,the existenceof a full formalizationequilibrium crucially dependson the
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proportionof agentsvith endavmentsbelaov thecut-of valued*. Third, loweringtaxesmayhave surprising
resultson the sizeof theinformal sector

To understandhe structureof equilibria, it is importantto notethatsinceby Propositionl p («; ¢) is a
decreasindunctionof «, anequilibriumwith completeformalization(i.e.,« = 1) doesnot exist unless

¥ [p(1;¢)] = 0. (7)

Whencondition(7) is satisfiedno agentis betteroff in theinformal sectorwhenhebelievesall otheragents
will formalize.As we shav below, however, this conditiondoesnot warrantuniquenessf equilibrium:

Proposition2 Completdnformalization(a = 0) is alwaysa FEE, while completdormalization(a. = 1) is
a FEEif andonlyif condition(7) is satisfied.

Proof. To prove thefirst claim, supposdhatall agentsxpectnobodyto formalizein thesecondoeriod,i.e.,
af = 0. In equilibrium,theseexpectationswill materializeif andonly if, for all 8, (0, ¢, ) < 0, whichis
true by construction.The proof of the seconctlaim follows from (6). =

Propositior? impliesthattheexistenceof theequilibriumwith completanformalizationis purelydriven
by expectationsyvhile thatof the full formalizationequilibriumis drivenjointly by expectationsandinitial
conditions.Sincefrom (4), uo > 0, it canbe shavn thatthe equilibriumwith o = 1 Pareto-dominatethe
equilibriumwith o = 0. In acountryin which all benefitfrom formalizing (¥ [p(1; ¢)] = 0), thereis arole
for theenforcemenbf abanagainsinformal actvities. This banwill helpcoordinatedecisiongowardsthe
Pareto-superioequilibrium. In contrast,in aneconomyin which a positve segment, ¥ [p (1; ¢)], of the
populationcannotafford to formalize,policiesneedto first establisithe conditionsfor existenceof the full
formalizationequilibrium by correctinghistoricallegacies. We begin our discussiorof history-correcting
policiesby reassessinthe popularissueof tax reformasaninstrumentfor the promotionof formalization.

3.1 The ambiguousrole of taxes

In this subsectionwe are interestedin the responseof W [p(1; ¢)] to changesn ¢. SinceV is strictly
increasingthis responses determineddy dp (1; ¢) /0¢. In particular unlessdp (1; ¢) /3¢ > 0, reducing
thelevel of formal sectortaxesmay raisethe numberof agentsvho arebetteroff operatingin theinformal
sector Sinceuy > 0 by condition (5), the Implicit function theoremmay be appliedto establishthat
9p (1;¢) /0¢ = —pug/ o, Wherepy = B[u' [ (¢,0)] fx — ' [g ($,6)] gx] — ' [0 — ¢]. Al thatmatters
for determininghesignof dp (1; ¢) /9¢ is to understandiow the netvaluefrom formalizing changesvith
¢. In the next proposition,we establishexistenceof a positive thresholdg* belav which the proportionof
agentsbetteroff in the informal sectorrisesastaxesare lowered. For simplicity, we restrictoursehesto
constanteturnstechnologiesvith respecto infrastructures.

Proposition3 Let f and g be sudh that fxx = gxx = 0 andcondition(5) hold. If V € [¢,6] and
¢ €(0,0),



u'[0—¢] \*
69> (G .0m) @

thenthere exists ¢* € (0,8) sud that 9p (1;¢) /0¢ < 0 forall ¢ < ¢*, anddp (1;¢) /0¢ > 0 for all
¢ > ¢*, whee ¢* is solutionto Su’ [f (¢,0)] fx (¢.6) = u' [0 — ¢] + Bu' [9 (X,0)] gx (¢, ).

Proof. It suficesto shaw thatuy < 0 whenerer ¢ < ¢*, andug > 0 otherwise.Notethatwhencondition
(8) holds,thefunctionsL (¢) = u' [f (¢,6)) fx (¢,6) and R (¢) = u' [0 — ¢] + u’ [g (X,0)] gx ($,0)
arerespectiely decreasingand increasingfunctionsof ¢ in the intenal (0,6). Next, note that one can
alwayschoosef, g, u, andg suchL (¢*) — R(¢*) = 0 for ¢* € (0,8). Hence by the propertiesof L and
Rous=L(¢)—R(¢) <0 (>0)forall ¢ < ¢* (¢ > ¢*). m

Condition (8) statesthat the contritution of infrastructureto productionin the informal sectoris high
enoughthatit makesfree-ridingon infrastructuresattractve. In suchcase,Proposition3 impliesthatre-
ducingthe formalizationfee canin factincreasehe proportionof agentsvho arebetteroff in theinformal
sectoy thusprecludingthe existenceof afull formalizationequilibrium. This resultcontradictsvhatis pre-
dictedfrom modelsthatignorethe circularity betweerthe quality of infrastructureandthe sizeof theformal
sector(e.g. Fortin etal., 1997andlhrig andMoe, 2000). Giventhe ambiguousole of taxes,policiesthat
tamgetthedistribution of productve capital,if feasible maybeinterestingalternatvesto tax reforms.

3.2 Theroleof inequality

For a giventax ¢, condition(7) is morelikely to be violatedin poorcountriesthanin rich countries.Take
two countrieswith assedistributionsidenticalin all respectdut their mean,with condition(7) satisfiedn
thefirst onebut notin the second.Then,necessarilfthe secondcountryis the onewith lowestmeanasset.
Of course,two countrieswith identical per capita assetlevels may find themseles with asymmetriesn
their menusof equilibria. Then,it mustbethatthe onefor which full formalizationis notanequilibriumis
moreunequalthanthe other We illustratethis by solving a numericalexample,wheref follows a Pareto
distribution ¢(#) with cumulatve distribution ¥'(6) = 1 — (6,/60)” whené > 6,, and0 otherwise.In Figure
1, we considertwo distributions+ and+)’ with parametergfy,~) respectiely (1,3) and(1.25,6).* We
assumehatdistribution ¢ satisfiescondition(7) — all agentshave endavmentshigherthand* — sothata
full formalizationequilibriumexists. Increasingnequalitythrougha mean-preservingpreadf 1, we find
a positive numberof agentdetteroff notformalizing. Thefull formalizationequilibriumhasvanished.

The assedistribution is in facta fundamentakourceof symmetry-breakingwhetherby its first or its
secondmoment. In absenceof a massve inflow of assetdrom abroad,the secondmomentmight be a
goodtametfor a correctingpolicy. Althoughredistritution of physicalcapital,or subsidizededucatiorfall
outsideof the scopeof our model,thesearepoliciesthatwould go in thedirectionof reducinginequality

In countriesin which educatiorresourcesreunequallydistributed,for example,a conditionlike (7) is

“It caneasilybeverifiedthats)’ is amean-preservingpreacf 1 with variancemultiplied by afactorof 8.
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likely to be violated. In African countries ethnicdivisionsareknown to diverge resourcesway from the
educatiomeedsof the majority of the population(Easterly 2000),thusmakinginformal, low-productvity
activities moreattractve to this majority. A policy thatwould help achieve completeformalizationis one
thatfirst correctshistory by improving acces<o quality education. Oncehistory is correctedso that an
equilibriumwith completeformalizationexists, a banon informal actvities is Pareto-impreing. This, of
course,is easiersaidthandone. The correctingpolicy may not itself be Pareto-impreing. Agentsin the
uppertail of the assetistribution may preferthe statusquoto a combinationof the correctingpolicy and
the subsequentove towardsfull formalization.In particular if ethnicdivisionsarethe key determinanof
inequality correctingpoliciesarelikely doomedo upset.

Giventhatmuchof illegal laborandchild labortake placein theinformal sectoy our resultsareclearly
linkedto the discussioron the desirabilityof banson thesetypesof work (BasuandVan, 1998;Dessyand
Pallage,2001). Sincemostillegal laboris typically drivenby poverty, if condition(7) is not satisfied then
suchbans without correctingpolicies,will likely notbe Paretoimprovements.

4 Final discussion

We have worked throughoutunderthe assumptiorof no-enforcementhereforefocusingon self-enforcing
equilibria. We believe this assumptioris not unreasonabléor countriesin which 60% of the labor force
belonggo theinformal sector Banninginformality in this contet is a challengeto which few governments
would survive. In richercountriesjn which everyonecanafford to go formal, oncewe abstracfrom moral
hazardssuesaswe doin this paper enforcementoesnot posemuchdifficulty. Ourresults however, shav
thatbansin thatcasearein effect self-enforcing.Therole of a ban,whenit is imposed,s thatof a signal
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pointingto therelevantfocal point.

Whatthis notehasachievedis a“big push”theorybasedn amove towardsformalizationin amodelin

which differencesn thebehaiors of countries’ariseendogenouslyThe “big push;, or theabsencef it, is

not dueto expectationonly, but dependon the existenceof anequilibriumtowardswhichto “push’

As for areductionin thetax burden,its effectsareambiguousOur resultsthereforesuggesthatcaution

is neededwhen using suchsimple-mindedpolicy, often recommendedh the literatureasthe solutionto

informalization.
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