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1 IntroductionIn many economies, there is a substantial amount of economic activity in the informal sector.According to Maloney (2005), the informal sector comprises 30-70% of the labor market in mostLatin American countries. Friedman, et.al. (2000) estimate that 14-62% of output comes from theinformal sector across a range of transition economies1.Although most of the literature treats the informal sector as a disadvantaged sector in a seg-mented labor market framework, this interpretation is not consistent with the empirical evidencefor many developing economies. Maloney (2005) presents evidence for Latin American countriesthat challenges the traditional view and instead interprets the informal sector as an unregulatedmicro-entrepreneurial sector. He reports that self employment represents more than 50-75% ofinformal employment in many Latin American countries.There is also evidence supporting the idea that informal sector employment is voluntary. Em-ployment in the informal sector is a worker’s decision determined by his or her level of humancapital and potential productivity in the formal sector. This explains the negative association be-tween informal sector employment and education level found in the data.2 Finally, despite highmobility between the formal and the informal sectors, transitions from the former to the latter areless likely for the more highly educated (Maloney, 1999).1Table 2 of Schneider and Enste (2000) gives estimates for a wide range of countries, which indicate that theinformal sector is quantitatively important in developed, as well as developing and transition, economies.2Masatlioglu and Rigolini (2005) also present cross-country evidence of a clear negative relationship betweenaverage years of education of the population and the size of the informal sector as a percentage of the GDP.1



Maloney presents interesting evidence for Mexico, where there is a large informal sector, eventhough the usual sources of wage rigidity that would segment the labor market seem absent. Hecomments that in Mexico minimum wages are not binding, unions are more worried about employ-ment preservation than about wage negotiations, and wages have shown downward flexibility. Inother words, Mexico seems to have a flexible labor market with a large informal sector.To summarize, the evidence suggests that (i) the informal sector is important, (ii) self em-ployment represents the bulk of informality in many developing countries, (iii) workers’ potentialproductivity, determined by the level of human capital, is the ultimate determinant of participa-tion in the informal sector, (iv) there is significant mobility of workers between the formal and theinformal sector, and (v) there are economies with flexible labor markets and an important informalsector.In this paper we construct a search and matching model that allows us to analyze the effectsof labor market policies in an economy with a significant informal sector. There are some recentstudies analyzing the effects of labor market and fiscal policies in models with search unemploymentand an informal sector. Most of these share the view that the informal sector is illegal, with taxevasion and noncompliance with legislation as its identifying characteristics. Some papers focus onthe disutility of participation in the underground economy (Kolm and Larsen, 2003 and Fugazza andJacques 2003), while others analyze the effect of monitoring and punishment on informality (Fugazzaand Jacques (2003) and Boeri and Garibaldi (2005)). A distinctive aspect of our paper is that,consistent with the evidence in developing countries, we consider an unregulated informal sector.The informal sector is not necessarily an illegal sector, but rather one in which low-productivityworkers decide to work. In this sense, our model is related to the macro literature introducingnonmarket production in growth models (Parente, Rogerson and Wright, 2000) and RBC models(Benhabib, Rogerson and Wright, 1991). The main idea of those papers is that introducing a homeproduction sector improves the fit of RBC models or the explanation of cross-country differences inincome.By introducing nonmarket production in otherwise standard models, policies or productivityshocks not only have effects on market production but also on the substitution between market andnonmarket activities.Compared with standard models, these extensions generate lower fluctuationsin output and larger cross-country differences in income which is consistent with the data. Inthis paper we abstract from growth and cyclical considerations and focus instead on the effect ofintroducing an informal sector into a noncompetitive labor market.Our model is a substantial extension of Mortensen and Pissarides (1994), hereafter MP, astandard model for labor market policy analysis in a search and matching framework.3 This model3There is a substantial literature that analyzes the equilibrium effects of labor market policies in developedeconomies using a search and matching framework, e.g., Mortensen and Pissarides (2003).2



is particularly attractive because it includes endogenous job separations. Specifically, we extend MPby (i) adding an informal sector and (ii) allowing for worker heterogeneity. The second extension iswhat makes the first one interesting. We allow workers to differ in terms of what they are capable ofproducing in the formal (regulated) sector. All workers have the option to take up informal sectoropportunities as these come along, and all workers are equally productive in that sector,4 but someworkers — those who are most productive in formal-sector employment — will reject informal-sectorwork in order to wait for a formal-sector job. Similarly, the least productive workers are shut outof the formal sector. Labor market policy, in addition to its direct effects on the formal sector,changes the composition of worker types in the two sectors. A policy change can disqualify someworkers from formal-sector employment; similarly, some workers accept informal-sector work whowould not have done so earlier. Labor market policy thus affects the mix of worker types in thetwo sectors. These compositional effects, along with the associated distributional implications, arewhat our heterogeneous-worker extension of MP buys.5The basic MP model can be summarized as follows. First, there are frictions in the processof matching unemployed workers and vacant jobs. These frictions are modeled using a matchingfunction m(θ), where m(θ) is the rate at which the unemployed find work, and θ, which is interpretedas labor market tightness equals v/u (the ratio of vacancies to unemployment). Second, when anunemployed worker and a vacancy meet, they match if and only if the joint surplus from matchexceeds the sum of the values they would get were they to continue unmatched. This joint surplus isthen split using a Nash bargaining rule. Third, there is free entry of vacancies, so θ is determined bythe condition that the value of a maintaining a vacancy equals zero. Fourth — and this is the defininginnovation of MP — the rate of job destruction is endogenous. Specifically, when a worker and afirm start their relationship, match productivity is at its maximum level. Shocks then arrive at anexogenous Poisson rate, and with each arrival of a shock, a new productivity value is drawn froman exogenous distribution (and the wage is renegotiated accordingly). The productivity of a matchcan go up or down over time, but it can never exceed its initial level. When productivity falls belowan endogenous reservation value, R, the match ends. R is determined by the condition that thevalue of continuing the match equals the sum of values to the two parties of remaining unmatched.4We do not consider the large risk involved in self employment. The empirical evidence suggests that the incomegenerated in the informal sector is highly uncertain. This reflects the high rate of job/firm creation and destructionin that sector.5Dolado, Jansen and Jimenez (2005) is a closely related paper. They construct an MP-style model to analyzethe effect of targeted severance taxes. Firms are homogeneous and can fill their vacancies with either high or low-skill workers (the fraction of workers of each type is given). When a worker and a vacancy meet, they realizethe productivity of the match, which is a random draw from [0,1]. It is assumed that the distribution of matchproductivity for high-skill workers stochastically dominates the one for low-skill workers.3



Labor market tightness, θ, and the reservation productivity, R, are the key endogenous variables inMP. Firms create more vacancies (θ is higher), the longer matches last on average (the lower is R);and matches break up more quickly (the higher is R), the better are workers’ outside options (thehigher is θ). Equilibrium, a (θ,R) pair, is determined by the intersection of a job-creation schedule(θ as a decreasing function of R) and a job-destruction schedule (R as an increasing function of θ).Our innovation is to assume that workers differ in their maximum productivities in formal-sector jobs. In particular, we assume that maximum productivity (“potential”) is distributedacross a continuum of workers of measure one according to a continuous distribution functionF (y), 0 ≤ y ≤ 1. Workers with a high value of y start their formal-sector jobs at a high level ofmatch productivity; workers with lower values of y start at lower levels of match productivity. Asin MP, job destruction is endogenous in our model. Productivity in each match varies stochasticallyover time, and eventually the match is no longer worth maintaining. The twist in our model isthat different worker types have different reservation productivities; that is, instead of a singlereservation productivity, R, to be determined in equilibrium, there is an equilibrium reservationproductivity schedule, R(y).6The connection between our assumption about worker heterogeneity and our interest in theinformal sector is as follows. We assume that the unemployed encounter informal-sector oppor-tunities at an exogenous Poisson rate α; correspondingly, informal-sector jobs end at exogenousPoisson rate δ. Any informal-sector opportunity, if taken up, produces output at flow rate y0, all ofwhich goes to the worker. There is, however, a cost to taking one of these jobs; namely, we assumethat informal-sector employment precludes search for a formal-sector job. This cost is, of course,increasing in y. The decision about whether or not to accept an informal-sector job thus depends ona worker’s type. Workers with particularly low values of y take informal-sector jobs, but do not findit worthwhile to take formal-sector jobs. For these workers, the value of waiting for an informal-sector opportunity exceeds the expected surplus that would be generated by taking a formal-sectorjob. These “low-productivity” workers are indexed by 0 ≤ y < y∗. Workers with intermediatevalues of y, “medium-productivity” workers, find it worthwhile to take both informal-sector andformal-sector jobs. These workers are indexed by y∗ ≤ y < y∗∗. Finally, workers with high values ofy, “high-productivity” workers, reject informal-sector opportunities in order to continue searchingfor formal-sector jobs. These workers are indexed by y∗∗ ≤ y < 1. The cutoff values, y∗ and y∗∗,are endogenous and are influenced by labor market policy.We use our model to analyze the effects of two policies that are important in developing coun-tries, namely, severance taxes and payroll taxes. We do this by solving our model numerically6 In Dolado et. al. (2005), given that match productivity varies over [0,1], there is a common reservation produc-tivity within each group of workers. 4



and performing policy experiments. We find that a severance tax dramatically reduces the rateat which workers find formal-sector jobs, but, at the same time, also greatly increases the averageemployment duration in the formal sector. There are also compositional effects, viz., fewer work-ers reject formal-sector jobs and fewer workers reject-informal sector jobs. Unemployment amonghigh-productivity workers falls substantially, leading to a fall in aggregate unemployment. Bothnet output and average productivity decrease. A payroll tax has somewhat different effects. It alsoreduces the rate at which workers find formal-sector jobs, but, unlike a severance tax, it decreasesaverage employment duration in the formal sector. Again, there are compositional effects. Aswith the severance tax, fewer workers reject the informal sector, but now more workers also rejectthe formal sector. Unemployment among high-productivity workers increases as does aggregateunemployment. Average productivity in the formal sector rises and net output falls.In the next section, we give the details of our model and prove the existence of a uniqueequilibrium. Then, in Section 3, we work out the implications of the model for the distributions ofproductivity and wages across workers in formal-sector jobs. Section 4 is devoted to our simulations.These simulations give a qualitative sense for the properties of our model as well as a quantitativesense for the impact of the policies. Finally, Section 5 concludes.
2 Basic ModelWe consider a model in which workers can be in one of three states: (i) unemployed, (ii) employedin the informal sector, or (iii) employed in the formal sector. Unemployment is the residual statein the sense that workers whose employment in either an informal- or a formal-sector job endsflow back into unemployment. Unemployed workers receive b, which is interpreted as the flowincome equivalent to the value of leisure. The unemployed look for job opportunities. Formal-sector opportunities arrive at endogenous rate m(θ), and informal-sector opportunities arrive atexogenous rate α. Not all of these opportunities are taken up. For low-productivity workers — thosewith y < y∗ — it is not worthwhile to take formal-sector jobs, and for high-productivity workers —those with y > y∗∗ — informal-sector jobs are not worth taking. These cutoff values, y∗ and y∗∗,are endogenous and determine the relative sizes of the informal and formal sectors.In the informal sector, a worker receives flow income y0, where y0 > b. As mentioned above,opportunities to work in the informal sector arrive to the unemployed at Poisson rate α. Employmentin this sector ends at Poisson rate δ. We assume that employment in the informal sector precludessearch for a formal-sector job; i.e., there are no direct transitions from the informal to the formalsector.7 Since formal-sector output depends on a worker’s type, this means that the most productive7Alternatively, one could assume that workers in informal-sector jobs can search for formal-sector opportunities5



workers (those with y > y∗∗) do not take up opportunities to work in the informal sector. Theseworkers prefer to remain unemployed in hopes of receiving a formal-sector offer.A worker’s output in a formal-sector job depends on his or her type. Formal-sector matchesinitially produce at the worker’s maximum potential productivity level y. Thereafter, as in MP,productivity shocks arrive at Poisson rate λ, which change the match productivity. These shocksare iid draws from a continuous distribution G(x), where 0 ≤ x ≤ 1. There are three possibilitiesto consider. First, if the realized value of a draw x is sufficiently low, it is in the mutual interest ofthe worker and the firm to end the match. Here “sufficiently low” is defined in terms of an endoge-nous reservation productivity, R(y), which depends on the worker’s type. Thus, with probabilityG(R(y)), a shock ends the match. Second, if R(y) ≤ x ≤ y, the productivity of the match changesto x. That is, with probability G(y)−G(R(y)), the match continues after a shock, but at the newlevel of productivity. Finally, if the draw is such that x > y, we assume that the productivity ofthe match reverts to y. That is, with probability 1−G(y), the match continues after a shock, butthe productivity of the match is reset to its maximum value.8The surplus from a formal-sector match is split between worker and firm using a Nash bargainingrule with an exogenous worker share, β. This surplus depends both on the current productivity ofthe match, y′, and on the worker’s type, y. As in MP, we assume the wage is renegotiated whenevermatch productivity changes.
2.1 Value functionsThe worker side of the model is thus summarized by the value functionsrU (y) = b+ αmax [N0 (y)−U (y) , 0] +m (θ)max [N1 (y, y)−U (y) , 0]rN0 (y) = y0 + δ (U (y)−N0 (y))rN1 (y′, y) = w (y′, y)+ λG(R(y)) (U (y)−N1 (y′, y))+λ y∫R(y) (N1 (x, y)−N1 (y′, y)) g(x)dx+ λ (1−G (y)) (N1 (y, y)−N1 (y′, y)) ,where U(y) is the value of unemployment, N0 (y) is the value of informal-sector employment, andN1 (y′, y) is the value of formal-sector employment in a job with current productivity level y′, allof the above for a worker of type y.but less effectively than if they were unemployed.8Two alternative assumptions that we considered are: (i) if a shock is drawn such that x > y, the productivity ofthe match remains where it is rather than reverting to y and (ii) shocks are drawn randomly over [0, y] rather than[0, 1]. 6



Next, consider the vacancy-creation problem faced by a formal-sector firm. Let V be the valueof creating a formal-sector vacancy, and let J(y′, y) be the value of employing a worker of type y ina match with current productivity y′. The latter value can be written asrJ (y′, y) = y′ −w (y′, y)+ λG(R(y)) (V − J (y′, y))+λ y∫R(y) (J (x, y)− J (y′, y)) g(x)dx+ λ (1−G (y)) (J (y, y)− J (y′, y)) .This expression can be understood as follows. A firm that employs a worker of type y in a matchof productivity y′ receives flow output y′ and pays a wage of w(y′, y). At rate λ, a productivityshock arrives. With probability G(R(y)), the job ends, in which case the firm suffers a capital lossof V − J (y′, y) . If the realized shock x falls in the interval [R(y), y], the job’s value changes fromJ (y′, y) to J(x, y). Finally, with probability 1−G(y), the shock resets the job’s value of employinga worker of type y to its maximum level, J(y, y).The value of a vacancy is defined byrV = −c+ m(θ)θ Emax[J(y, y)− V, 0]. (1)This expression reflects the assumption that match productivity initially equals the worker’s type.A vacancy, however, does not know in advance what type of worker it will meet. It may, forexample, meet a worker of type y < y∗, in which case it is not worth forming the match. If theworker is of type y ≥ y∗, the match forms, but the job’s value depends, of course, on the worker’stype. Finally, note that in computing the expectation, we need to account for contamination inthe unemployment pool. That is, the distribution of y among the unemployed will, in general,differ from the corresponding population distribution. We deal with this complication below in thesubsection on steady-state conditions.As usual in this type of model, the fundamental equilibrium condition is the one given by freeentry of vacancies, i.e., V = 0. Equation (1), with V = 0, determines the equilibrium value of labormarket tightness. The other endogenous objects of the model, namely, the wage schedule, w(y′, y),the reservation productivity schedule, R(y), and the cutoff values, y∗ and y∗∗, can all be expressedin terms of θ.
2.2 Wage DeterminationWe use the Nash bargaining assumption with an exogenous share parameter β to derive the wagefunction. Given V = 0, the wage for a worker of type y on a job producing at level y′ solvesmaxw(y′,y)[N1(y′, y)−U(y)]βJ(y′, y)1−β. 7



It is relatively straightforward to verify thatw (y′, y) = βy′ + (1− β)rU(y).Note that the wage is a weighted sum of the current output (less the expected instantaneous capitalloss) and the worker’s continuation value. Were workers homogeneous, this would reduce to theexpression in MP.
2.3 Reservation ProductivityFilled jobs are destroyed when a sufficiently unfavorable productivity shock is realized. The reser-vation productivity R(y) is defined byN1(R (y) , y)−U(y) + J (R (y) , y) = 0.Given the surplus sharing rule, this is equivalent toJ (R (y) , y) = 0.Substitution givesR(y) = rU (y)− λr + λ ∫ yR(y)[1−G(x)]dx. (2)For any fixed value of y, this is analogous to the reservation productivity in MP. Since U(y) isincreasing in θ for all workers who take formal-sector jobs, equation (2) defines an upward-sloping“job-destruction” locus in the (θ,R (y)) plane.An interesting question is how the reservation productivity varies with y. On the one hand, thehigher is a worker’s maximum potential productivity, the better are her outside options. That is,U(y) is increasing in y. This suggests that R(y) should be increasing in its argument. On the otherhand, a “good match gone bad” retains its upside potential. The final term in equation (2), whichcan be interpreted as a labor-hoarding effect, is decreasing in y. This suggests that R(y) shouldbe decreasing in y. As will be seen below once we solve for U(y), which of these terms dominatesdepends on parameters.
2.4 Unemployment values and cutoff productivitiesWorkers with y < y∗ only work in the informal sector, workers with y∗ ≤ y ≤ y∗∗ accept bothinformal-sector and formal-sector jobs, and workers with y > y∗∗ accept only formal-sector jobs.Thus y∗ is defined by the condition that a worker with productivity y = y∗ be indifferent between8



unemployment and a formal-sector offer, and y∗∗ is defined by the condition that a worker withproductivity y = y∗∗ be indifferent between unemployment and an informal-sector offer.Consider a worker with y∗ ≤ y ≤ y∗∗. The value of unemployment for this worker is given byrU (y) = b+ α [N0 (y)−U (y)] +m (θ) [N1 (y, y)−U (y)] .The condition that N1 (y∗, y∗) = U (y∗) then impliesrU (y∗) = b+ α [N0 (y∗)−U (y∗)]and substitution givesrU (y∗) = b (r+ δ) + αy0r+ α+ δ .(Note rU (y∗) takes this value for all y ≤ y∗.) Setting this equal to N1 (y∗, y∗) givesy∗ = b (r + δ) + αy0r + α+ δ − λr+ λ ∫ y∗R(y∗) (1−G (x)) dx. (3)Note that since R(y) is increasing in θ, y∗ is also increasing in θ.Similarly, the condition that N0 (y∗∗) = U (y∗∗) implies that at y = y∗∗rU (y∗∗) = b+m (θ) [N1 (y∗∗, y∗∗)−U (y∗∗)] .Setting U (y∗∗) = N0 (y∗∗) implies that rU (y∗∗) = y0 and substitution givesN1 (y∗∗, y∗∗) = (r+m(θ))y0 − rbrm(θ) .Substituting the value function for N1 (y∗∗, y∗∗) and solving givesy∗∗ = (y0 − b)(r + λ) +m (θ)βy0m (θ)β − λr+ λ ∫ y∗∗R(y∗∗)[1−G(x)]dx (4)While rU(y) was shown to have simple forms at y ≤ y∗ and at y∗∗, it is more complicated atother values of y. For y∗ ≤ y < y∗∗, we haverU (y) = [b (r + δ) + αy0] (r+ λ) + (r + δ)m (θ)β {y + λr+λ ∫ yR(y)[1−G(x)]dx}(r + α+ δ) (r + λ) + (r+ δ)m (θ)βand for y ≥ y∗∗, we haverU (y) = b (r + λ) +m (θ)β {y + λr+λ ∫ yR(y)[1−G(x)]dx}r + λ+m (θ)β .9



Note that the two expressions would be identical if the informal sector did not exist, that is, wereα = δ = 0.Given the expression for R(y), equation (2), the differing forms for rU(y) mean that the formof R (y) differs for high and medium productivity workers. For any fixed value of θ, equation (2)has a unique solution for R(y). One can also check, given a unique schedule R(y), that equations(3) and (4) imply unique solutions for the cutoff values, y∗ and y∗∗, respectively.
2.5 Steady-State ConditionsThe model’s steady-state conditions allow us to solve for the unemployment rates, u(y), for thevarious worker types. Let u(y) be the fraction of time a worker of type y spends in unemployment,let n0(y) be the fraction of time that a worker of type y spends in informal-sector employment, andlet n1(y) be the fraction of time a worker of type y spends in formal-sector employment. Of course,u(y) + n0(y) + n1(y) = 1.Workers of type y < y∗ flow back and forth between unemployment and informal-sector em-ployment. There is thus only one steady-state condition for these workers, namely, the flows out ofand into unemployment must be equal,αu(y) = δ(1− u(y)).For y < y∗ we thus haveu(y) = δδ + αn0(y) = αδ + α (5)n1(y) = 0.There are two steady-state conditions for workers with y∗ ≤ y ≤ y∗∗, (i) the flow out ofunemployment to the informal sector equals the reverse flow and (ii) the flow out of unemploymentinto the formal sector equals the reverse flow,αu (y) = δn0 (y)m (θ)u (y) = λG (R (y)) (1− u (y)− n0 (y)) .Combining these conditions givesu (y) = δλG (R (y))λ (δ + α)G (R (y)) + δm (θ)n0 (y) = αλG (R (y))λ (δ + α)G (R (y)) + δm (θ) (6)n1(y) = δm (θ)λ (δ + α)G (R (y)) + δm (θ) 10



for y∗ ≤ y ≤ y∗∗.Finally for workers with y > y∗∗ there is again only one steady-state condition, namely, thatthe flow from unemployment to the formal sector equals the flow back into unemployment, i.e.,m (θ)u (y) = (1− u (y))λG (R (y)) .This impliesu (y) = λG (R (y))λG (R (y)) +m (θ)n0(y) = 0 (7)n1(y) = m (θ)λG (R (y)) +m (θ)for y > y∗∗.Total unemployment is obtained by aggregating across the population.u = ∫ y∗0 u (y) f(y)dy + ∫ y∗∗y∗ u (y) f(y)dy + ∫ 1y∗∗ u (y) f(y)dy.
2.6 EquilibriumFinally, we use the free-entry condition to close the model and determine equilibrium labor markettightness. Setting V = 0 we havec = m(θ)θ Emax[J(y, y), 0].To determine the expected value of meeting a worker, we need to account for the fact that thedensity of types among unemployed workers is contaminated. Let fu(y) denote the density of typesamong the unemployed. Using Bayes Law,fu(y) = u(y)f(y)u .The free-entry condition can thus be rewritten asc = m(θ)θ ∫ 1y∗ J(y, y)u(y)u f(y)dy.After substitution, the free-entry condition becomesc = m (θ)θ (1− β)∫ 1y∗ (y −R (y)r + λ ) u (y)u f(y)dy. (8)11



This expression takes into account that J(y, y) < 0 for y < y∗, i.e., some contacts do not lead toa match. Note also that the forms of R(y) and of u(y) differ for intermediate-productivity andhigh-productivity workers.A steady-state equilibrium is a labor market tightness θ, together with a reservation productivityfunction R(y), unemployment rates u(y), and cutoff values y∗ and y∗∗ such that(i) the value of maintaining a vacancy is zero(ii) matches are consummated and dissolved if and only if it is in the mutual interest of theworker and firm to do so(iii) the steady-state conditions hold(iv) formal-sector matches are not worthwhile for workers of type y < y∗(v) informal-sector matches are not worthwhile for workers of type y > y∗∗.A unique equilibrium exists if there is a unique value of θ that solves equation (8), taking intoaccount that R(y), u(y), and y∗ all depend on θ. Note that1. R(y) is increasing in θ for each y;2. ∫ 1y∗ u(y)u f(y)dy is decreasing in θ;3. y∗ is increasing in θ.These three facts imply that the right-hand side of the free-entry condition is decreasing in θ. Thisresult, together with the facts that the limit of the right-hand side of (8) as θ → 0 equals ∞ andequals 0 as θ→∞, implies the existence of a unique θ satisfying the free-entry condition.
3 Distributional Characteristics of EquilibriumGiven assumed functional forms for the distribution functions, F (·) and G(·), and for the matchingfunction, m(θ), and given assumed values for the exogenous parameters of the model, equation (8)can be solved numerically for θ. Given θ, we can then recover the other equilibrium objects of themodel, namely, the cutoff values y∗ and y∗∗, the reservation productivity schedule, R(y) (definedfor all y ≥ y∗), the wage as a function of current productivity and type, w(y′, y) (defined for ally ≥ y∗ and R(y) ≤ y′ ≤ y), the type-specific unemployment rates, u(y), etc. In fact, we can domore than this. Once we solve for equilibrium, we can simulate the distributions of wages and ofmatch productivities and then use these simulated distributions to compute both the aggregateand distributional effects of labor market policy.To start, we discuss the computation of the joint distribution of (y′, y) across workers employedin the formal sector. Once we compute this joint distribution (and the corresponding marginals), we12



can find (i) the distribution of wages (a worker’s wage is a function of both his current productivityand his type, i.e., of (y′, y)) and (ii) the distribution of productivity, y′.To find the distribution of (y′, y) across workers employed in the formal sector, we useh(y′, y) = h(y′|y)h(y).Here h(y′, y) is the joint density, h(y′|y) is the conditional density, and h(y) is the marginal densityacross workers employed in the formal sector. It is relatively easy to compute h(y). Let E denote“employed in the formal sector.” Then by Bayes Law,h(y) = P [E|y]f(y)P [E] = n1(y)f(y)∫ n1(y)f(y)dy ,where from equations (5) to (7),n1(y) = 0 for y < y∗= δm(θ)δm(θ) + (α+ δ)λG(R(y)) for y∗ ≤ y < y∗∗= m(θ)m(θ) + λG[R(y)] for y ≥ y∗∗.Next, we need to find h(y′|y). Consider a worker of type y who is employed in the formal sector.Her match starts at productivity y; later, a shock (or shocks) may change her match productivity.Let N denote the number of shocks this worker has experienced to date (in her current spell ofemployment in a formal-sector job). Since we are considering a worker who is employed in theformal sector, we know that none of these shocks has resulted in a productivity realization lessthan R(y).If N = 0, then y′ = y with probability 1. If N > 0, then y′ = y with probability 1−G(y)1−G(R(y)) ,i.e., the probability that the productivity shock is greater than or equal to y (conditional on theworker being employed) in which case the productivity reverts to y. Combining these terms, wehave that conditional on y, y′ = y with probability P [N = 0] + 1−G(y)1−G(R(y))P [N > 0]. Similarly,the conditional density of y′ for R(y) ≤ y′ < y ish(y′|y) = g(y′)1−G(R(y))P [N > 0] for R(y) ≤ y′ < y.Thus, for a worker of type y, we need to find P [N = 0].To do this, we first condition on elapsed duration. Consider a worker of type y whose elapsedduration of employment in her current formal sector job is t. This worker type exits formal sectoremployment at Poisson rate λG(R(y)); equivalently, the distribution of completed durations for13



a worker of type y is exponential with parameter λG(R(y)). The exponential has the convenientproperty that the distributions of completed and elapsed durations are the same.Let Nt be the number of shocks this worker has realized given elapsed duration t. Shocks arriveat rate λ. However, as the worker is still employed, we know that none of the realizations of theseshocks was below R(y). Thus, Nt is Poisson with parameter λ(1 − G(R(y))t, and P [Nt = 0] =exp{−λ(1−G(R(y))t}. Integrating P [Nt = 0] against the distribution of elapsed duration givesP [N = 0] = ∫ ∞0 exp{−λ(1−G(R(y))t}λG(R(y)) exp{−λG(R(y))t}dt = G(R(y))for a worker of type y.Thus, the probability that a worker of type y is working to her potential when she is employedin a formal sector job (i.e., that y′ = y) isP [y′ = y|y] = G(R(y)) + 1−G(y)1−G(R(y))(1−G(R(y))) = 1− (G(y)−G(R(y))).The density of y′ across all other values that are consistent with continued formal-sector employmentfor a type y worker ish(y′|y) = g(y′)1−G(R(y))(1−G(R(y))) = g(y′) for R(y) ≤ y′ < y.In principle, we can compute the joint distribution of (y′, y) analytically, but in practice the alge-braically complicated form of R(y) makes this difficult. We use the following simulation procedureto solve this problem. First, make a random draw fromH(y)9, the distribution function correspond-ing to h(y). Then, given y, make a draw from h(y′|y). (With probability 1 − (G(y) − G(R(y))),y′ = y; with probability G(y)−G(R(y)), y′ is a random draw from G(·) over the interval [R(y), y)To sample from the latter, make a random draw from [R(y), y), etc.) The (y′, y) pair generated inthis way constitutes a random draw from h(y′, y). Repeat this procedure many (e.g., 1000) times.We then have a pseudo-random sample from the joint distribution.Given the pseudo-random sample from H(y′, y), it is straightforward to simulate the distributionof wages. (Just plug each “sampled ” (y′, y) pair into the formula for w(y′, y).) We extend this toinclude all employed workers by noting that a fraction n0n0 + n1 of the workers who are employed atany time are employed in the informal sector. Thus, for example, to compute the average “wage”(i.e., averaged across all the employed, including informal sector workers), we can take a weightedaverage of y0 and the average formal-sector wage. We can also (trivially) simulate the distributionof productivity as the marginal distribution of y′. (And we can extend this by adding in the mass9That is, we make a random draw from [0, 1]. Call this draw z. Then find H−1(z), i.e., the type y with the propertythat a fraction z of workers employed in the formal sector are of that type or lower.14



of workers who are producing at level y0 in the informal sector.) We present simulations of themodel and these distributions in the next section.
4 Simulation ResultsWe now present our numerical analysis of the model and examine the effects of labor market policy.Specifically, we look at a severance tax and a payroll tax. Both of these are common labor marketpolicies in developing countries. In the Appendix, we present the model augmented to incorporatethese two taxes. Incorporating a payroll tax is straightforward, but incorporating a severancetax is not. The presence of a severance means that the initial Nash bargain and subsequent Nashbargains when productivity shocks occur differ because, following Mortensen and Pissarides (1999),“termination costs are not incurred if no match is formed initially but must be paid if an existingmatch is destroyed”. In other words, if the bargaining breaks down in the initial negotiation, thefirm does not have to pay a severance tax, but in subsequent negotiations, the firm’s outside optionmust include the severance tax. This makes the model more complicated, but we are able to solveit numerically with the taxes.For all our simulations, we assume the following functional forms and parameter values. First, weassume that the distribution of worker types, i.e., y, is uniform over [0, 1] and that the productivityshock, i.e., x, is likewise drawn from a standard uniform distribution. We assume the standarduniform for computational convenience, but it would not be appreciably more difficult to solve themodel using flexible parametric distributions, e.g., betas, for F (·) and G(·). Second, we assumea Cobb-Douglas matching function, namely, m(θ) = 4θ1/2. The Cobb-Douglas form is a standardassumption; we chose the scale parameter to give reasonable results for labor market tightness.Third, we chose our parameter values with a year as the implicit unit of time. We set r = 0.05 asthe discount rate. We normalize the flow income equivalent of leisure to b = 0. The parameters forthe informal sector are y0 = 0.35, α = 5 and δ = 0.5, and the formal-sector parameters are c = 0.3,β = 0.5, and λ = 1. Note that the share parameter, β, equals the elasticity of the matching functionwith respect to labor market tightness, i.e., the Hosios value. Our parameter values were chosen toproduce plausible results for our baseline case in which there is no severance tax or payroll tax.Consider first the baseline case given in row 1 of Table 1. With no severance payment or payrolltaxation, our baseline generates labor market tightness of 1.21. More than 30 percent of the laborforce is ”low productivity” and works only in the informal sector, while about 60 percent of thelabor force works only in the formal sector. The remaining 10 percent would work in either sector.The reservation productivity for the worker who is just on the margin for working in the formalsector (y = y∗) is the same as that worker’s type. With no severance payment, it is worthwhile15



employing this worker even though his match would end were its productivity to go even a bit belowhis maximum level. Next, note that R(y∗∗) < R(y∗). As we noted earlier, there are two effects of yon the reservation productivity. First, more productive workers have greater “upside potential”; onthe other hand, more productive workers have better alternative options. The first effect dominatesamong medium productivity workers for this parameterization, however, the first panel of Figure 1shows that R(y) is rising above y∗∗, i.e., for all high productivity workers. The next four columnsin Table 1 give average unemployment rates. The average unemployment rate for the baseline caseis 8.6 percent. Among low-productivity workers, the unemployment rate is δα+ δ = 9.1 percent.The average unemployment rate for medium-productivity workers is much lower, reflecting the factthat these workers take both informal- and formal-sector jobs. Finally, the average unemploymentrate for high-productivity workers is 9.1 percent. This reflects the fact that these workers do nottake up informal-sector opportunities. Next, we present average worker productivity for workersin the formal sector which is 0.638. The final column gives gross total output (Y ), i.e., the sum ofoutputs from the informal and formal sectors. We could compute output net of vacancy creationcosts as Y − cθu = 0.459.The next four rows of Table 1 show the effect of raising the severance tax. Since the severancetax makes vacancy creation less attractive, we find that θ, labor market tightness, decreases. Theseverance tax shifts the reservation productivity schedule down. This is a consequence of the factthat the severance tax makes it more costly to end matches. In addition, the severance tax affectsthe composition of the sectors. The two cutoff values y∗ and y∗∗ increase with s, meaning that formalsector employment is less attractive to the previously marginal workers. The reason is that althoughjobs last longer when the severance tax is higher, the expected formal sector wage and θ decreasewith s. The unemployment rate for low productivity workers is unaffected by the severance tax.The unemployment rate for high productivity workers falls significantly. The effect of increasingjob duration outweighs the reduction in the job arrival rate. For the medium productivity workers,the unemployment rate falls too as it is a mixture of the effects on the other two worker types.The overall unemployment rate falls. This is because the reduction in unemployment associatedwith formal sector jobs outweighs the effect of the increase in the number of workers in the highunemployment informal sector. Also, the number of workers accepting any type of offer falls onlyslightly, given that the effect of s on y∗ and y∗∗ is the same (See Appendix.). Given the effect onthe reservation productivities, it is not surprising that we find a reduction in average productivity.Gross and net output fall considerably.Table 2 presents the effects of varying the payroll tax holding the severance tax at zero. Notethat we are considering payroll taxes up to 40 percent. A payroll tax of 40 percent on average ismore costly than a severance tax of .2 since the average duration of a formal sector job with s = .216



is greater than one year. As indicated in Table 2, increasing the payroll tax reduces θ since it makesformal sector vacancy creation less attractive. In contrast to the effect of the severance tax, thepayroll tax decreases job duration by shifting up the reservation productivity schedule. (As can beseen in Figure 1, the payroll tax of .4 shifts the schedule less than the severance tax of .2.) Thepayroll tax also has compositional effects. The fraction of workers who never take formal sector jobs(y < y∗) increases substantially with τ, and the fraction that only take formal sector jobs (y > y∗∗)decreases substantially with τ. Given that a payroll tax has a stronger effect on the unemploymentvalue of high-productivity than medium-productivity workers, y∗∗ increases by more than y∗ with τ .Then, the fraction of workers who will take any job increases with τ . The fact that both labor markettightness and expected formal sector job duration decrease implies that unemployment increasesamong high productivity workers. The effect on overall unemployment, however, is mitigated tosome extent by the compositional changes. Consistent with the compositional change and the shiftin the reservation productivity schedule, average formal sector productivity rises. Gross and netoutput fall.The final table examines the effects of increasing s and τ simultaneously, namely, to s = τ =0.1. Since both of these taxes make vacancy creation less attractive, labor market tightness falls.Employment duration in the formal sector increases, i.e., the severance tax effect dominates,as canbe seen in Figure 1. On net, there is a slight decrease in the average unemployment rate amonghigh-productivity workers, which leads to a corresponding fall in the aggregate rate. Averageproductivity in the formal sector falls as a result of the decrease in the reservation productivity.Both gross and net output decrease.Figures 2, 3 and 4 illustrate the effects of s and τ on the distribution of types (y), currentproductivities (y′) and wages in the formal sector. The density of y is the contaminated one; i.e., itincorporates the different job-finding and job-losing experiences of the various worker types. Figure2 shows how the severance tax and the payroll tax increase y∗, then compressing the distribution oftypes in the formal sector. Consider that the distribution of y necessarily first-order stochasticallydominates that of y′ since no worker’s current productivity can exceed his or her type. The severancetax shifts the density of current productivity and wages to the left, reflecting the decrease inreservation productivities. This also leads to an increase in the variance of y′ and wages. Thepayroll tax shifts the densities to the right, reflecting the compositional effect as well as the factthat the reservation productivity schedule increases. In addition, the variance of y′ and wagesdecreases. The figures also suggest that although the effect of the payroll tax is more pronouncedon the distributions, when analyzing the two policies together the severance tax effects dominate.
17



5 ConclusionsIn this paper we build a search and matching model to analyze the effect of labor market policiesin an economy with a significant informal sector. In light of the empirical evidence for manydeveloping countries we model an economy where workers operate as self employed in the informalsector. Additionally, depending on their productivity levels, some workers only work in the formalsector, others only work in the informal sector, and an intermediate group of workers goes backand forth between the formal and the informal sectors.We solve the model numerically and analyze the effect of two labor market policies: a payrolland a severance tax. Despite the fact that both policies reduce the rate at which workers find formalsector jobs, their effects on unemployment duration, unemployment rate and the distribution ofworkers across the sectors are different. A firing tax greatly increases the average employmentduration in the formal sector, reduces overall unemployment, reduces the number of formal sectorworkers, and reduces the number of workers who accept any type of offer (formal or informal). Incontrast, a payroll tax reduces average unemployment duration in the formal sector, greatly reducesthe number of formal sector workers, and significantly increases the size of the informal sector andthe number of workers accepting any type of offer. Total unemployment rises. Under both policies,gross and net output fallAlthough our results suggest that reducing labor market regulations increase output, it is stillpossible to have a flexible labor market in an economy with a large informal sector. There is aminimum productivity level necessary to work in the formal sector that many workers in developingeconomies cannot attain. In a policy experiment not shown, we found that only a slight improve-ment in the distribution of productivities in the population F (y) significantly increases output andthe size of the formal sector. This suggests that policies that give incentives to improve the levelhuman capital can significantly reduce informality and increase welfare.
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6 Appendix - The Model with TaxesIn this appendix, we augment the model to include a severance tax and a payroll tax. The intro-duction of a payroll tax is straightforward, but the introduction of a severance tax requires us todistinguish between the initial negotiation between a worker and a vacant job and the subsequentnegotiations. In the initial negotiation if the bargaining breaks down the firm does not have to paya severance tax, but in subsequent negotiations, the firm’s outside option must include the sever-ance tax. Thus, the worker’s value functions will have two values of employment, N1(y), the initialvalue of employment for a worker of productivity y, and the vacancy and the worker and N1(y′, y),the value of employment for a worker of productivity y in a match with current productivity y′.The worker’s value functions are nowrU (y) = b+ αmax [N0 (y)−U (y) , 0] +m (θ)max [N1 (y)−U (y) , 0]rN0 (y) = y0 + δ (U (y)−N0 (y))rN1 (y) = w (y) + λG(R(y)) (U (y)−N1 (y)) + λ y∫R(y) (N1 (x, y)−N1 (y)) g(x)dx+λ (1−G (y)) (N1 (y, y)−N1 (y))rN1 (y′, y) = w (y′, y)+ λG(R(y)) (U (y)−N1 (y′, y))+ λ y∫R(y) (N1 (x, y)−N1 (y′, y)) g(x)dx+λ (1−G (y)) (N1 (y, y)−N1 (y′, y)) .The value functions for the job also must take account of the taxes. We denote the initial valueof filling a job as J(y) and the current value of filling a job as J (y′, y) . These arerJ (y′, y) = y′ −w (y′, y) (1 + τ) + λG(R(y)) (V − J (y′, y)− s)+λ y∫R(y) (J (x, y)− J (y′, y)) g(x)dx+ λ (1−G (y)) (J (y, y)− J (y′, y)) .rJ (y) = y −w (y) (1 + τ) + λG(R(y)) (V − J (y)− s)+λ y∫R(y) (J (x, y)− J (y)) g(x)dx+ λ (1−G (y)) (J (y, y)− J (y)) ,where τ is the payroll tax rate and s is the severance tax.The value of a vacancy is nowrV = −c+ m(θ)θ E [max[J(y)− V, 0]] . 19



The initial wage w(y) for a worker of type y solvesmaxw(y) [N1(y)−U(y)]βJ(y)1−β.while the wage w (y′, y) for a type y worker producing at y′ solvesmaxw(y′,y) [N1(y′, y)−U(y)]β [J(y′, y) + s]1−β .The initial wage negotiation differs from subsequent wage negotiations because, following Mortensenand Pissarides (1999), “termination costs are not incurred if no match is formed initially but mustbe paid if an existing match is destroyed”. The initial wage and the subsequent wages are given byw (y) = β (y − λs) + (1− β)(1 + τ)rU(y)1 + τw (y′, y) = β (y′ + rs) + (1− β)(1 + τ)rU(y)1 + τ .When there is a severance tax, the reservation productivity (the productivity level at which theparties are just indifferent about preserving and breaking up the match) is defined byN1(R (y) , y)−U(y) + J (R (y) , y) = −s.Given the surplus sharing rule, this is equivalent to J (R (y) , y) = −s. Substitution givesR(y) = (1 + τ)rU (y)− sr − λr+ λ ∫ yR(y)[1−G(x)]dx. (A1)We can now solve for the cutoff values y∗ and y∗∗, the cutoff values. A worker with productivitylevel y∗ is just indifferent between taking an formal sector job and remaining unemployment andsearching for an informal sector job. This cutoff value when taxes are included is given byy∗ = (1 + τ)b (r+ δ) + αy0r + α+ δ + λs− λr + λ ∫ y∗R(y∗) (1−G (x)) dx.Note that since R(y) is increasing in θ, y∗ is also increasing in θ.The second cutoff productivity, the level at which the worker is indifferent between taking aninformal sector job and continuing unemployed to search for a formal sector job is given byy∗∗ = (1 + τ)(y0 − b)(r + λ) +m (θ)βy0m (θ)β + λs− λr+ λ ∫ y∗∗R(y∗∗)[1−G(x)]dxThe flow value of unemployment, rU(y), at y ≤ y∗ does not depend on y and isrU (y) = b (r + δ) + αy0r + α+ δ . 20



For y∗ ≤ y < y∗∗, we haverU (y) = [b (r + δ) + αy0] (r+ λ) + (r+δ)m(θ)β1+τ { y − λs+λr+λ ∫ yR(y)[1−G(x)]dx }(r+ α+ δ) (r+ λ) + (r + δ)m (θ)βand for y ≥ y∗∗, we haverU (y) = b (r + λ) + m(θ)β1+τ {y − λs+ λr+λ ∫ yR(y)[1−G(x)]dx}r+ λ+m (θ)β .Note that the two expressions would be identical if the informal sector did not exist, that is, wereα = δ = 0.Given the expression for R(y), the differing forms for rU(y) mean that the form of R (y) differsfor high and medium productivity workers. For any fixed value of θ, there is a unique solution forR(y). Given a unique schedule R(y), that above equations imply unique solutions for the cutoffvalues, y∗ and y∗∗, respectively.The model’s steady-state conditions are the same as those given in the text and so are notrepeated here. Finally, we use the free-entry condition to close the model and determine equilibriumlabor market tightness. Setting V = 0 we havec = m(θ)θ Emax[J(y), 0].After substitution, the free-entry condition becomesc = m (θ) (1− β)θ ∫ 1y∗ (y −R (y)r + λ − s1− β) u (y)u f(y)dy. (9)This expression takes into account that J(y) < 0 for y < y∗, i.e., some contacts do not lead toa match. Note also that the forms of R(y) and of u(y) differ for medium-productivity and high-productivity workers. A unique equilibrium exists if there is a unique value of θ that solves equation(9), taking into account that R(y), u(y), and y∗ all depend on θ. Note that1. R(y) is increasing in θ for each y;2. ∫ 1y∗ u(y)u f(y)dy is decreasing in θ;3. y∗ is increasing in θ.Given J(y) > 0 for y ≥ y∗, these three facts imply that the right-hand side of the free-entrycondition is decreasing in θ. This result, together with the facts that the limit of the right-hand21



side of (9) as θ→ 0 equals∞ and equals 0 as θ →∞, implies the existence of a unique θ satisfyingthe free-entry condition.In order to ensure that J(y) > 0, we need to impose some conditions that restrict the values ofs and t. From equation (9) a sufficient condition iss < 1r + λ,and from the reservation productivity schedule (equation A1),R(y) + λr+ λ ∫ yR(y)[1−G(x)]dx = (1 + τ)rU (y)− sr.The term on the right-hand side must be positive. Then, given that rU (y) is increasing in y, it issufficient to check that (1 + τ)rU (y∗)− sr > 0, which means that it is required that1 > (1 + τ) b (r + δ) + αy0r + α+ δ > sr.
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Table 1: Effects of Varying s with τ = 0u rates by type formal totals θ y∗ y∗∗ R(y∗) R(y∗∗) low med high total y′ w Y0 1.21 0.315 0.410 0.315 0.243 0.091 0.037 0.091 0.086 0.638 0.580 0.490.05 1.12 0.331 0.425 0.278 0.200 0.091 0.035 0.085 0.082 0.631 0.560 0.485.1 1.03 0.345 0.439 0.240 0.153 0.091 0.031 0.079 0.078 0.618 0.540 0.478.15 0.94 0.357 0.451 0.200 0.104 0.091 0.027 0.071 0.074 0.601 0.521 0.469.2 0.85 0.368 0.458 0.158 0.049 0.091 0.021 0.061 0.068 0.578 0.503 0.458Table 2: Effects of Varying τ with s = 0u rates by type formal totalt θ y∗ y∗∗ R(y∗) R(y∗∗) low med high total y′ w Y0 1.21 0.315 0.410 0.315 0.243 0.091 0.037 0.091 0.086 0.638 0.580 0.4900.1 1.17 0.347 0.459 0.347 0.272 0.091 0.040 0.095 0.088 0.656 0.541 0.4880.2 1.12 0.378 0.511 0.378 0.302 0.091 0.043 0.100 0.089 0.675 0.509 0.4850.3 1.07 0.410 0.565 0.410 0.334 0.091 0.045 0.105 0.090 0.694 0.482 0.4790.4 1.01 0.441 0.623 0.441 0.367 0.091 0.048 0.110 0.090 0.713 0.458 0.472Table 3: Results with s = τ = 0 and s = τ = 0.1u rates by type formal totalθ y∗ y∗∗ R(y∗) R(y∗∗) low med high total y′ w Y1.21 0.315 0.410 0.315 0.243 0.091 0.037 0.091 0.086 0.639 0.580 0.4900.98 0.380 0.495 0.275 0.186 0.091 0.035 0.084 0.081 0.637 0.504 0.475
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Figure 1: R (y) for Various (s, τ) Combinations
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Figure 2: Density of y for Various (s, τ) Combinations
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Figure 3: Densities of y′ for Various (s, τ) Combinations
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Figure 4: Densities of Wages for Various (s, τ) Combinations
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