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Abstract Variation in the quality of job matches is an important determinant of workers’ search decisions and the distribution of wages. Typically, monetary productivity is assumed to be the sole determinant of the quality of a worker-firm match. I develop a structural search model that allows job match quality to depend additionally on unpriced job amenities, permitting match quality estimation that is robust to both unobserved amenities and selection. I estimate the model with tenure data using the simulated generalized method of moments. The paper demonstrates that previous estimates relying principally on wage data, rather than duration data, are incomplete in certain respects. The standard deviation of job amenities is found to be about half that of monetary productivity in data from the 1979 NLSY. I then use the model to investigate the welfare consequences of wage taxation and unemployment insurance. Traditional estimates of deadweight loss from wage taxation are increasingly overstated as job amenity dispersion rises. ∗
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Introduction



A chief function of labor markets is to match firms and workers in such a way as to exploit gains from specialization and differences in ability and preferences. Some of what matters for the optimal allocation of labor is related to monetary productivity. However, many relevant variables are unobservable and unpriced. The monetary and non-monetary total surplus generated by a particular worker-firm pairing (“match quality”) will vary across possible matches, creating a ranking of potential matches by their surplus. The heterogeneity of match quality is strongly suggested by various data, most notably wage dispersion (e.g., Mortensen, 2003, Woodcock, 2007, Bowlus, 1995). The existence of this heterogeneity has important implications for worker search behavior and its associated social welfare consequences. If labor market comparative advantage is substantial, there is tremendous surplus generated by the optimal coordination of workers and jobs. If comparative advantage is minimal, there is little need to be concerned with policies that affect match quality. Some of match quality is entirely monetary: a worker may possess an unusual talent for a particular job task, for instance, and this will be reflected in increased output and wages. Another important sort of worker-firm interaction, however, consists of non-monetary factors. For example, some jobs entail a considerable amount of psychologically costly work. Individual workers will vary in their tolerance for this, and will possess different rankings of jobs by level of unpleasantness. Many jobs even include some pleasant aspects, which will be more or less valuable to different individuals. These non-monetary considerations are difficult to observe and cannot typically be inferred from wage variation. To see why total match quality variation is not obtainable from wage data in the presence of an unpriced amenity, consider the following example. Imagine an employed worker who chooses to accept a new job at a higher overall match quality, where the increase in quality is equally divided between higher productivity and higher amenity. For simplicity, let the worker’s compensation (wage plus amenity) be half the surplus to the match. Though the worker’s full compensation will be higher after the switch, her observed wage (compensation minus amenity) will be identical before and after the switch, because the amenity improvement balances out the productivity improvement. No wage dispersion is generated by this job transition, and yet match quality variation exists by stipulation. Both on- and off-the-job search will allow workers to move into higher match quality jobs, which generates an accepted match quality distribution distinct from the match quality “offer” distribution. This paper develops a model that can identify both of these distributions. In contrast, direct wage regressions can recover only the accepted distribution, cannot distinguish productivity and amenity, and cannot recover total match quality without additional assumptions on the covariance of amenity and productivity. Attempts to infer match quality dispersion from wage residuals are also weakened by measurement error in wages, which is substantial and difficult to deal with in the familiar panel datasets. Structural estimation using tenure data offers a credible solution to these problems. The model embeds match quality and amenity heterogeneity in a standard labor search context. The tenure 2



distribution moves in response to changes in the dispersion of match quality, reflecting varying rates of separations and on-the-job transitions at different levels of match quality. This is the most important source of identification. Monetary and non-monetary match quality component distributions are separated by examining the correlation of tenure and wages. A higher correlation indicates a larger role for monetary match quality, since high quality matches (high tenure) are associated with high wages. A lower correlation indicates the opposite, with high quality matches exhibiting a weak or negative relationship with wages due to the large fraction of unobserved amenities in total worker compensation. The estimated match quality and other parameters have important consequences for optimal wage tax policy and optimal unemployment insurance policy, among other things. Wage taxes generate a significant and quantifiable distortion by changing the endogenous productivity-amenity composition of match quality. Optimal unemployment benefits are calculated and shown to be increasing in the variance of match quality. Section 2 is an outline of some simpler, closed-form models of labor supply that build intuition for the baseline empirical model. Restrictions are imposed, relative to the baseline model presented later, that allow for an analytic characterization of unemployment and wages in terms of the match quality distribution. Calculation of the deadweight loss from a wage tax requires knowledge of the “accepted” match quality distribution (i.e., the distribution observed in employed workers), which is an endogenous object and is solved for in terms of parameters of the model. In Section 2.1, I discuss the limitations of some previous wage-based approaches and detail the considerations that motivate this paper’s innovations: unpriced amenities and the unobserved match quality offer distribution (as contrasted with the accepted distribution). This section argues that accounting for these factors requires a different approach than previously employed. Job amenities are an important part of compensation that will bias approaches primarily reliant on wage data. Ignoring the offered/accepted distinction will lead to underestimates of offered match quality, which can bias policy implications. Section 3 contains the baseline model. The economy consists of ex ante identical workers and firms with wages endogenously set each period by Nash bargaining. In each period, workers may receive a job offer, occurring with a probability that is conditional on employment status. Importantly, each worker-firm meeting is characterized by a match quality composed of both a monetary productivity term and a non-monetary job amenity. Each component has an exogenous normal distribution with a variance that will be separately identified. Section 4 is a description of the data, which comes from the 1979 National Longitudinal Survey of Youth, including tenure, wage, and demographic information. Section 4.1 explains the identification strategy. Most importantly, identification of the match quality parameters is from the shape of the tenure distribution. Section 4.2 is a description of the estimation procedure. Section 5 contains the results of the baseline model. Amenities are found to be about half as large as monetary productivity, in terms of standard deviation, and a standard deviation of overall match quality is approximately $9.75 per hour, equivalent to 40 percent of average flow output. Job switching costs
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are estimated to be about two months of the average observed wage. In Section 5.1 and Section 5.2, I conduct applications of the model, including an analysis of the distortion from preferential tax treatment of unpriced amenities and the contribution of match quality dispersion to an understanding of optimal unemployment insurance. Wage taxation encourages workers to find work in higher-amenity, lower-wage (and lower monetary productivity) matches, which leads to lower social welfare. The distortion quickly becomes large at plausible tax rates, and I show that match quality heterogeneity makes it impossible to infer the deadweight loss from the taxable income elasticity alone. As match quality variance rises, the optimal UI benefit also rises, reflecting the increased social benefit to job search (imperfectly internalized by the worker). I find that the optimal UI benefit ratio rises by about 12 percentage points when the standard deviation of match quality is doubled. The extent of match quality variation should be an input to a more general theory of optimal UI. Section 5.3 is a comparison of the model’s results with results from an entirely wage-based approach. Section 6 is an examination of the relevant literature. Section 7 discusses future research. First, estimates of match quality variation are a necessary input to an understanding of cyclical productivity dynamics. Significant work has gone into characterizing the behavior of average and marginal labor productivity over the cycle, as they have important implications for the welfare cost of recessions. Second, a more general treatment of social welfare and match quality remains to be conducted. I explore this in a separate paper with a coauthor.
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Theory



Before proceeding to the structural model used for estimation, I consider a simpler setting that develops some of the relevant intuition. It retains search frictions, but uses a simpler wage-setting rule and a few other model restrictions that allow for closed-form expressions. Consider an economy with a measure of workers and a measure of profit-maximizing firms. A match between a worker and firm generates surplus m > b, where b is the flow benefit to unemployment (i.e., the worker’s outside option). m is specific to a particular match between the worker and a firm, but does not vary over time within the match. New job offers, with new draws of match quality, are distributed according to a cdf Mof f er and arrive with probability α whether the worker is employed or unemployed. Workers make take-it-or-leave-it wage offers to firms (note that Section 3 will instead assume a Nash bargain over the match surplus). Assume further that workers transition exogenously into unemployment with probability s, and that this separation shock either occurs or does not occur prior to the “new job” shock. Then the worker’s discrete value function will be W (m) = m + βsU + β(1 − s)(1 − α)W (m) + β(1 − s)αEm0 [max{W (m0 ), W (m)}],
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where β is the discount factor and U is the unemployment value function, given by U = b + βαEm0 [max{W (m0 ), U }]. Note that the wage is simply m, as firms are competitive in the labor market. I do not model the demand side of the labor market in this section. The reservation wage will be mr such that W (mr ) = U . It is easy to see that wr = mr = b. Since the on- and off-the-job arrival probabilities are equal, workers will always prefer employment to unemployment when they receive at least the flow benefit to unemployment. In the baseline model presented later, this will no longer be the case, because differences in arrival probabilities will lead workers to prefer search from either the employed or unemployed state. In this simple economy, it is possible to characterize the steady state cumulative distribution function of wages χ (which is just the distribution of actual match quality) and the unemployment rate. To accomplish this, some steady state identities are required. First, inflow into employment below or equal to a particular match quality must equal outflow from below or equal to that match quality. Second, inflow into unemployment will equal outflow from unemployment. For simplicity, set the lower bound of the Mof f er support to be b. This will cause Mof f er and χ to have identical supports, albeit different values throughout the support. The equations below characterize u and χ(m).



αu(Mof f er (m) − Mof f er (mr ))



(1)



= s(1 − u)χ(m) + (1 − s)α(1 − u)χ(m)(1 − Mof f er (m)) ∀m ∈ χ−1



(2)



s(1 − u) = αu(1 − Mof f er (mr )),



(3)



where u is the fraction of workers who are unemployed. Note that workers always switch to jobs with higher wages. Mof f er is exogenously given, which leaves the function χ and the scalar u to be endogenously determined. The second equation yields an unemployment rate u =



s s+α ,



recalling



that Mof f er (mr ) = 0 by stipulation. χ is pinned down by u and equation 1, as shown below χ(m) =



sMof f er (m) . s + (1 − s)α(1 − Mof f er (m))



Now separate match quality m into two components: productivity π and non-monetary amenity q. The amenity is randomly endowed and not constructed by a firm. Wages are now a function of π rather than m. Let the two components of match quality be uncorrelated and perfectly substitutable in consumption, and let productivity π be taxed at rate τ . Amenities remain untaxed. After-tax wages are now (1 − τ )π, and W (π, q) = (1 − τ )π + q + βsU + β(1 − s)(1 − α)W (π, q) + β(1 − s)αEπ0 ,q0 [max{W (π 0 , q 0 ), W (π, q)}].
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U is altered similarly. The reservation wage is set such that b = (1 − τ )wr + q → wr =



b−q 1−τ .



Intuitively, the taxation of income will introduce a distortion, with workers choosing jobs that have relatively high amenity value and low wages. Since utility is linear in match quality, it is possible to quantify the social welfare loss by calculating the integral Z



π



Z



q



(1 − u)(π + q)ma (π, q)dq dπ, π



q



where ma is the density associated with the cdf Maccepted , the fraction of employed workers in jobs at or below productivity π and amenity q, and {π, π}, {q, q} are the upper and lower bounds of π and q, respectively. First, however, it is necessary to calculate Maccepted and ma . The new equations describing their behavior are



αu(Mof f er (π, q) − Mof f er (πR (q), q)) = s(1 − u)Maccepted (π, q) −1 + (1 − s)α(1 − u)Maccepted (π, q)(1 − Mof f er (πr (q 0 |q, π), q)) ∀π, q ∈ Maccepted



s(1 − u) = αu(1 − Mof f er (πR (q), q)). I relax the assumption that all wage offers are sufficient to induce movement out of unemployment, because one of the mechanisms by which higher taxes induce a distortion is the unemployment they generate. The resulting expressions are thus somewhat messier. Unemployment is now u=



s . b−q s+α−αMof f er ( 1−τ ,q)



Maccepted (π, q) =



The accepted match quality distribution is b−q , q)) αs(Mof f er (π, q) − Mof f er ( 1−τ



b−q α(1 − s)(α − αMof f er ( 1−τ , q))(1 − Mof f er (π +



q−q 0 0 1−τ , q ))



b−q + s(α − αMof f er ( 1−τ , q))



Given a functional form assumption on Mof f er , ma and the size of the distortion can be calculated. The baseline model presented in Section 3 will aim to estimate Mof f er in a more complicated context, permitting the calculation of Maccepted and the DWL.



2.1



Comparative Advantage, Job Amenities, and the Offered/Accepted Distinction



The discussion of comparative advantage in the labor market has been limited in at least one important way. Abowd et al. (2009) describe the literature that treats correlation between worker and firm productivity types as fully constituting what is meant by “comparative advantage”: “The estimated correlation between worker and firm effects from the earnings decomposition is close to zero, a finding that is often interpreted as evidence that there is no sorting by comparative advantage in the labor market.”(Abowd et al., 2009, abstract) For example, consider the following earnings decomposition by Abowd et al on matched firm-worker data: log(wit ) = xit β + θi + ψJ(i,t) + it , 6



.



where wit is the person-year specific wage, x is a set of demographic and labor market variables, θ is a person-specific fixed effect and ψ is a firm-specific fixed effect. This earnings decomposition is not dispositive with respect to labor market comparative advantage, however. Comparative advantage should be understood to refer to the relative superiority of any conceivable labor market match. The usual interpretation allows comparative advantage to operate only across worker and firm type; i.e., workers with low average wages may be more productive when associated with low productivity firms, but no allowance is made for the possibility that some low-wage workers may be profitably associated with particular low or high productivity firms but not others. Put more formally, a finite number of possible worker-firm matches are ordered by their productivity, and there is no requirement that matches by workers and firms of a particular {θ, ψ} combination all have the same productivity. While interesting and informative about the production function, the worker and firm fixed effects correlation does not end the discussion of labor market comparative advantage. However, other wage regression specifications are potentially more informative about match quality. Consider a regression similar to the decomposition shown above. log(wit ) = xit β + θi + ψJ(i,t) + µi,j + it , where the only additional variable is µij , a worker-firm match fixed effect. With no amenities and for the accepted match quality distribution, the distribution of µij summarizes match quality heterogeneity. Interestingly, Woodcock (2007) finds that the data reject the Abowd et al specification in favor of the same specification but with match effects included. Woodcock (2008) further develops the econometric model with match effects, discusses the nature of biases in the various specifications, and applies the match effects model to inter-industry and inter-sex wage differentials. The approach taken in this paper is quite different than that of the previously-discussed literature. In addition to explicitly dealing with idiosyncratic firm-worker match quality, I account for unpriced job amenities and the necessity of recovering the unobserved offer distribution of match quality. This section demonstrates the importance of the two concerns for a proper understanding of the labor market. In the absence of these issues, this paper would provide an alternative but not obviously preferable picture of the match quality distribution, relative to a wage-based approach. The first issue is the distinction between the component of job surplus that accrues directly to employers (termed “productivity”) and the component that enters directly into the worker’s utility (“job amenities”). The latter is not directly observable and has traditionally been inferred from wage variation in a model that presumes equality of utility across jobs, conditional on observable characteristics of the firm and worker.1 Alternatively, one can assume that amenities do not exist, and interpret wage dispersion as match quality dispersion. This approach leads one away from classical labor markets 1



Rosen 1986.
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and towards a search framework, since classical workers would not be allocated to jobs in which match quality is less than ideal. In a search context, the assumption of equal utility across jobs is unnecessary and unwarranted. Since it is not possible for a worker to instantly examine all offers, we should expect job offers to vary in quality and workers to often choose employment that would be non-ideal in a classical market. This is a natural setting for examining match quality and comparative advantage, though amenities and compensating differentials require more structure or data to identify (as in the classical “equal utility” setup). Workers in a search model receive compensation that is a function of job surplus (productivity plus amenities). Note that “compensation” here includes the amenity, and so is distinct from the observed wage. Neither this compensation nor the observed wage is equal to productivity, as in a classical labor market, but rather is set by a Nash bargain over the surplus. Without making an assumption about how productivity and the amenity endogenously co-vary, it is impossible to infer total match quality from observed wages. Under any assumption about the covariance, amenities and productivity are not separable. Productivity and amenities are mechanically related in the following way. First, note that 2 σm



= σπ2 + σq2 + 2Cov(π, q) by construction, since m = π + q. If productivity and amenities are



orthogonal, the variance of match quality will be higher than that of productivity. One way to concretize the estimation problem is to imagine a worker switching from a job with match quality m1 to a job with match quality m2 , m2 > m1 . Suppose that m2 − m1 is equally divided between increases in π and q, the monetary and non-monetary components, and that workers and firms π1 +q1 +b , 2 π1 −q1 +b , since 2



split the surplus in half. The worker’s initial compensation (in utility) is w1 + q1 = which implies that w1 =



π1 −q1 +b . 2



The new wage, then, will be w2 =



π2 −q2 +b 2



=



by stipulation π2 − π1 = q2 − q1 and surplus is shared evenly. The econometrician observes no change in the wage, yet match quality variation has been generated by a move to a superior match. Information about the true match effect, inclusive of non-pecuniary characteristics, can fortunately be extracted from the worker’s decision to stay at or exit from her job. The second distinction that motivates this paper’s analysis is between the accepted and offered match quality distributions. The offer distribution, which governs the range of possible match quality, will generate many proposed matches that are not acceptable to workers and firms, while the accepted distribution includes only actual, realized matches. Necessarily, wages can only be directly informative about the accepted distribution, which first order stochastically dominates the offered distribution. This is true with or without on-the-job search, as long as workers reject at least a fraction of wage offers. With on-the-job search, it is true regardless. Changes in the accepted distribution are an important part of cyclical dynamics, and the steady state accepted distribution is an object of interest in its own right. However, the offer distribution is the relevant object for search considerations, and by implication optimal unemployment insurance and the deadweight loss of wage taxation. Workers are interested in the set of possible jobs and set their reservation wages accordingly; the returns to search do not depend on the distribution of already-accepted job
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offers. Further, if the offer and accepted match quality distributions are assumed to be identical, dispersion of the offer distribution will be underestimated. Workers cluster in the right tail of the distribution, initially because they reject a fraction of all offers, and then over time as onthe-job search increases the quality of their matches. For both reasons, a fraction of offered low quality matches do not appear in the accepted distribution, reducing the variance of the accepted distribution relative to the offer distribution.



3



Model



The model builds on those developed by Mortensen and Pissarides (1994) and Shimer (2006). I account for on-the-job search, match quality heterogeneity, endogenous job destruction stemming from both job-to-job transitions and changes in the idiosyncratic productivity of a match, and job switching costs. Search frictions are such that workers and firms meet each other only occasionally. Matches produce a flow surplus that depends on idiosyncratic (time-varying) productivity x, a timeinvariant match-specific monetary productivity π, and an amenity q that is produced endogenously by firms. Because matching opportunities are scarce, surplus is generated by successful matches, and wages are set by bargaining over this surplus. A worker’s values of being unemployed or employed, as well as firms’ value of employment, are represented as Bellman equations. Since the resulting functions are both monotonic and discounted, these equations are contraction mappings.2 Search models have the virtue of rationalizing many stylized labor market facts, like involuntary unemployment and the behavior of gross job flows. The canonical versions are carefully constructed so as to permit analytical solutions and clear intuition, but the particular assumptions required will in some cases render the model less satisfactory both as a realistic portrayal of a given labor market and as a device for explaining some features of the data. In this paper, I forego the benefits of a closed-form model solution so as to more effectively deal with the problem of match quality heterogeneity. The model is not solvable analytically, so I solve it numerically and simulate it in discrete-time, calibrated to a monthly frequency. The timing of the model is as follows. A period begins with any particular worker being either unemployed or employed. If employed, a worker-firm match is characterized by both a constant match productivity π and a constant amenity production parameter α. Then, a time-varying idiosyncratic productivity shock x is drawn; this occurs every period. Employed individuals receive a wage and unemployed individuals receive exogenous unemployment flow benefits. Next, an exogenous separation shock s may occur. If it does, unemployment results and the worker does not receive an employment offer until at least the subsequent period. If a separation does not occur, or if the worker was already unemployed, then a job-finding shock may occur. Firms and workers meet each other with a probability that depends only on the worker’s employment status: α0 for an unemployed worker and α1 for an employed worker. The idiosyncratic 2



Blackwell (1965) and Sargent (1987).
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productivity draw x occurs simultaneously with the match shock α, allowing workers to choose between unemployment and employment (the former being chosen if the productivity draw is such that the value of unemployment is higher), switching to a new job (occurring, for employed workers, if the surplus of the new match exceeds that of the present match, in which case switching costs are paid immediately), and remaining in the old job (occurring if an individual is already employed and the continuation value of the match exceeds that of all other alternatives). All job-finding shocks are characterized by a match quality draw and a new idiosyncratic productivity draw on which wages (fully flexible and instantly renegotiated) are based. Following this, the economy moves into the new state and the period ends. Note that the switching cost is considered to be a sunk cost for wage-setting purposes. This is consistent with the usual practice in most of the hiring cost literature, which can be thought of as analogous to the switching cost considered here. The model timing is depicted by the following graph:



wage or b earned



s shock



α and x shock



worker takes action



period ends



Idiosyncratic productivity draws are match-specific and time-varying, so it is possible for workers to switch to lower match quality jobs with sufficiently high productivity draws. x is drawn from a lognormal distribution with a persistence ρx , following the process ln(x0 ) = ρx ln(x) + x , where x ∼ N (0, σx2 ).3 The worker value function is defined by the following equation W (m, x) = w(m, x, q) + q + βsU + β(1 − s)(1 − α1 )P rob((U > W (m, x0 ))|x) U | {z } bad x shock: separate



0



+ β(1 − s)(1 − α1 )E[1(W (m, x ) ≥ U ) W (m, x0 )] | {z } no job offer: stay in job



+ β(1 − s)α1 E[max{W (m0 , x0nj ) − c, W (m, x0 ), U }] , | {z } continuation value conditional on new job offer



where w is the observed wage, x is the idiosyncratic shock to the current match, x0nj is the idiosyncratic shock associated with a new job offer, and β is the discount factor. The latter enters the firm’s value function linearly. Employed workers separate endogenously from their jobs, but they also suffer exogenous separation from employment with probability s. α1 and α0 are the on- and off-the job arrival probabilities, respectively. Workers do not accept all offers, whether they are initially unemployed or employed. Unemployed workers receive a flow benefit b. Firms and workers encounter one another at probabilities that depend only on employment status and are constant over time. Match quality m consists of two components: a monetary productivity term π that accrues to the firm and a non-monetary benefits term q that is entirely consumed by the worker. 3



The x grid and discrete transition matrix are formed according to the Tauchen (1986) procedure.
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Further, q is not produced by firms; rather, it is endowed when a worker meets a firm. π draws are distributed according to a normal cdf Π with mean zero and standard deviation σπ ; q draws are distributed according to a normal cdf Q with mean zero and standard deviation σq . The two are assumed uncorrelated. The q sum of these draws m then obeys a normal cdf M with mean zero and standard deviation σm = σπ2 + σq2 .4 A one-time switching cost c is incurred by employed workers who accept new job offers. The value of unemployment is similarly defined as U = b + β(1 − α0 )U + βα0 Ex0 ,m0 [W (m0 , x0 ), U ]. Note that job separations due to bad idiosyncratic draws are bilateral in the sense that joint surplus from the job is extinguished. This allows the job value function to be written largely in terms of the worker value function, because the employer sees fit to end a relationship under the same circumstances that motivate a worker to end the job. The job value function is given below. J(m, x) = x + (m − q) − w(m, x, q) + β(1 − s)(1 − α1 )E[1(W (m, x0 ) ≥ U )J(m, x0 )] | {z } no job offer: worker stays in job



0



+ β(1 − s)α1 E[1((W (m |



, x0nj )



− c < W (m, x0 )) ∩ (W (m, x0 ) ≥ U ))J(m, x0 )] . {z }



worker receives bad offer: stays in job



Nash bargaining over the surplus yields the usual wage equation: (1 − γ)(W (m, x) − U ) = γJ(m, x), where γ is the fraction of job surplus going to the worker. The symmetric Nash equilibrium with γ = 0.5 is solved for throughout. While workers and firms do not care about the particular composition of m, and hence W and J take m rather than {π, q} as an argument, the observed wage is a function of q. Note that not all offers are accepted, which allows a distinction to be made between the offer arrival probability and the unemployment-employment transition probability. Without this distinction, endogeneity in the acceptance of offers would potentially bias estimation of the match quality offer distribution, as discussed previously. I solve the model through value function iteration on a discrete grid, then simulate a panel of job spells. Except under very particular assumptions (as in Shimer 2003, for instance) that would make identification difficult or impossible, on-the-job search and the switching cost make it impossible to find a closed-form solution to the model. The baseline model as described above makes use of the fact that π and q, the productivity and amenity components of match quality, are perfect substitutes. This allows workers and firms to care only about the sum m = π + q, which substantially simplifies the numerical solution of 4 Though this paper is concerned with both the distribution of match quality draws and the actual distribution of accepted draws, “match quality distribution” refers to the former, unless otherwise specified.
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the model. During simulation, however, workers receive distinct draws of π and q (their distributions conforming to the distribution of m assumed by the model). Though workers and firms are indifferent between drawing {πlow , qhigh } or {πhigh , qlow }, where πlow + qhigh = πhigh + qlow , the two draws do generate distinct observed wages. As will be discussed in the identification section, the correlation between tenure and observed wage allows for separate identification of the π and q distributions. In Section 5.1, the baseline model will have to be relaxed to take separate account of the two match quality components, because workers will now prefer to take compensation in the form of untaxed amenities.
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Data



Data are taken from the 1979 National Longitudinal Survey of Youth. The NLSY79 is a nationallyrepresentative panel of more than ten thousand individuals aged 14 to 22 at inception in 1979, with periodic successive surveys conducted through the present. The detailed employment, demographic, and job spell data available through the NLSY79 is necessary for this study, in particular because they allow for the calculation of tenure moments, described below. In accordance with the scope of the investigation, the military and supplemental subsamples are dropped and also with currentlyenrolled high-school and college students. This leaves about 30,000 primary job spells. Table 1 gives summary statistics for relevant unweighted NLSY79 variables. Figure 2 shows the unweighted empirical tenure distribution. Wages are adjusted by the CPI-U to 2010 dollars. Table 1 gives summary statistics for relevant unweighted NLSY79 variables. Particularly notable is the fact that a surprising fraction of job-to-job wage changes are negative; fully one third of such wage changes are decreases, though measurement error is almost certainly exaggerating this figure.5 Data are weighted to yield a nationally-representative sample before use in the model. I use the NLSY79’s tenure variables corresponding to the primary jobs of respondents as well as various demographic variables that allow construction of a conditional tenure distribution. The tenure variables are constructed by the NLSY using worker-reported job start and stop dates, and are connected across waves of the survey by means of employer identification numbers. Demographic and other variables are dated to the end of each completed job spell. In addition, I set the simulated panel length equal to the average time a worker is present in my sample. This ensures that any truncation in the data (due to the requirement that spells terminate before the sample ends) is matched by truncation of the simulated spells. I do not use the weighted empirical moments directly. Certain observable variables - age, education, etc. - explain some variation in job duration. Ex ante variation in worker characteristics is not part of the baseline model, so I prefer to adjust the data to more closely approximate the model’s assumption of ex ante identical agents. To construct the empirical tenure variables, I first 5



Due to concerns about outliers, I use only the middle 95 percentiles of the wage data, making the same adjustment in the model’s simulations so that only the trimmed data is generated. This mitigates the effect of error-ridden outliers, though it does not address measurement error more generally.



12



run the regression τit = Xit β + it , where τit is the tenure for a particular person’s completed job spell beginning in year t, Xit is demographic information associated with a person in year t including age, education, sex, and race. I experimented with different specifications of industry and occupation dummies, but these made little difference to the results after the demographic variables were included. The time-varying variables are taken at the end of a job spell. Since the structural model is one of homogeneous agents who differ only ex post, I then construct tenure spells that are purged of observable variation ˆ where X is due to age and other variables. The new tenure variable is given by τˆit = ˆit + X β, the vector of population means corresponding to the demographic variables. Wages are adjusted in precisely the same way.



4.1



Identification



It is well-known that, in expectation, a ranking of jobs by duration corresponds to an ordering of jobs by match quality (Jovanovic, 1979, Hagedorn and Manovskii, forthcoming). However, the match quality ranking thus derived is ordinal and not cardinal, and so does not allow for an examination of match quality variation in relation to any other market quantity (though it does permit interesting cross-worker comparisons, as in Hagedorn and Manovskii (forthcoming)). The first contribution of this paper is a model in which the match quality distribution is identified by duration data, and parameters of the distribution are relatable to other market quantities. Intuitively, the shape of the tenure distribution identifies the model. If all job-worker pairings entailed the same match quality (and assuming no idiosyncratic shocks, for simplicity), workers would never switch jobs. Job endings would come only from exogenous separations and the induced tenure distribution would be exponential. If jobs were heterogeneous but switching costs were zero, workers would switch at every higher-match quality opportunity. To better understand this, consider raising the variance of match quality while holding the mean of the offer distribution constant. One effect is an increase in the incentive to switch jobs. Since job switching is costly, the higher returns to switching “compress the tenure distribution”. Put another way, a larger fraction of job offers will be sufficiently attractive to justify the hassle of moving to new employment, which will cause jobs to end sooner at all levels of match quality. Second, if the off-the-job arrival probability is higher than the on-the-job probability, the prospect of even better employment at the high end of match quality raises the reservation wage of the unemployed. In other words, why take a mediocre job when the payoff to waiting is much higher? Finally, a more dispersed match quality offer distribution will lead to a higher steady state average level of match quality. This last effect (higher dispersion implies higher average match quality) will be more pronounced when exogenous separations are unlikely and unemployment is generated primarily by negative idiosyncratic productivity shocks. In simulations at the estimated parameter vector, this effect is important in the following specific way. All else equal, higher match quality



13



dispersion means that initial jobs (i.e., after a spell of unemployment) are likely to be farther from the reservation match quality. Fewer jobs of very short duration will be induced and destroyed by time-varying x shocks. At the estimated values of the parameters, this effect dominates for the mean of tenure. All these effects operate differently at various parts of the tenure distribution, which makes it essential to use multiple moments of the distribution. It is also important to note that the unemployment-to-employment transition probability is required for identification of the match quality distribution. An economy with many workers briefly experiencing unemployment will tend to have a more compressed tenure distribution relative to an economy with a few workers experiencing long unemployment spells. The unemployment-toemployment transition probability, in conjunction with the tenure moments, pins down the match quality distribution that generates the observed pattern of job spells. It is not immediately obvious why it it necessary to include job switching costs in the model. After all, simulated tenure distributions will still move with changes in match quality variance even when the switching cost is set to zero: though the “incentive to switch” effect disappears, workers with higher off-the-job arrival probabilities than on-the-job will still set their reservation wages as a function of the match quality distribution. This implies that tenure distributions will indeed vary with changes in the parameter of interest. However, the nature and size of this effect depends entirely on the values of α0 and α1 , which are already pinned down by the empirical unemploymentto-employment and job-to-job transition probabilities. A stripped-down model with the switching cost restricted to be zero is not capable of generating the observed variation in tenure spells. The switching cost, in addition to being required for explanation of the data, has the added virtue of being consistent with observation. The correlation between job duration and wage determines the fraction of match quality that is due to amenities q (and consequently the fraction due to productivity π). Imagine that match quality was entirely composed of π. In this case, the highest quality matches would be associated with the highest observed wages (ignoring time-varying idiosyncratic shocks for the moment), and the correlation between tenure and wage would be perfect. If, on the other hand, match quality consisted entirely of amenities q, then the observed wage would be a negative function of match quality (recall the examples presented in Section 2). The correlation between tenure and wages would then be perfectly negative. This does assume, perhaps counterfactually, that π and q are drawn independently. Moments of the accepted wage distribution are useful for separately identifying the exogenous and endogenous components of the separation process. Recall that there exists an exogenous probability of leaving one’s job, s, and an endogenous process of time-varying idiosyncratic shocks with standard deviation σx . The former is unrelated to the wage, while the latter will induce substantial wage variation. Intuitively, both s and σx affect the unemployment rate. Unemployment is clearly increasing in s, since higher inflows to unemployment will increase the stock, all else equal. Unemployment is also increasing in σx , because the probability of receiving a very negative x shock rises with σx . By itself, however, the unemployment rate cannot separately identify the
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two parameters. Since variance of wages is rising in σx but not in s, the inclusion of this moment provides for separate identification. Because I do not want to match the average wage in the data, but rather the unit-less dispersion of wages, I construct a moment equal to the standard deviation of wages divided by the average wage (i.e., the coefficient of variation). Due to the complexity of identification in this model, I have generated a number of artificial datasets and proceeded with estimation using the structural model with the intent of demonstrating that estimation would indeed recover the true parameters. This exercise also yielded intuition about the relative importance of the effects mentioned previously. For parameter values near those implied by my data, the “incentive to switch” effect dominates for the variance of tenure and the “higher dispersion implies higher average match quality” effect dominates for the mean of tenure. Figure 1 reflects this result.



Figure 1: Effect of match quality dispersion 12000 estimated variance half estimated variance
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4.2



Estimation



I estimate the model using simulated generalized method of moments (SGMM). This has the virtue of being robust to alternative specifications of the errors, unlike maximum likelihood estimation, though at some computational cost. Another advantage is that SGMM is consistent for a finite number of simulations, while simulated maximum likelihood is not.6 As mentioned previously, it is necessary to use the simulated estimator due to some features of the model, most 6



Ackerberg 2001.
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notably the switching cost and arrival probabilities that vary by employment status, that render it impossible to find analytic representations of the value functions and impossible to construct a closed-form relationship between the model’s moments and the estimated parameters. The parameters {σπ , σq , c, b, α0 , α1 , s, σx } are estimated. At a monthly frequency, ρx and β are calibrated to be 0.916 and 0.996, respectively (Fujita and Nakajima, 2009). σπ and σq are the parameters of interest, and it is the NLSY duration data that pin down these parameters. The flow benefit to unemployment, b, is a controversial parameter. Some studies have put it as high as 68 percent of the mean flow output of a job, while others put it below 40 percent.7 I set the



b flow output



moment to



50 percent of the average flow job output. The on- and off-the-job arrival probabilities are pinned down in steady state by the empirical unemployment-to-employment and job-to-job flows recorded in the data. The correlation of tenure and wage as well as the wage coefficient of variation are obtained from NLSY data, both using only wages associated with the last period of a job spell. Table 2 gives the values of moments, from the NLSY79 and other datasets, that were used during estimation, along with the values of the simulated moments generated by the model. The simulated method of moments estimator is θˆS,A (W ) = arg min θ
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W is the weighting matrix, S is the number of simulations, A is the number of simulated agents, µ(xa ) is the vector of empirical moments, and µ(x(usa , θ)) is the vector of simulated moments for a particular agent and for a given draw of the simulated errors. The choice of W is irrelevant to consistency of the estimator, though it has some effect on the efficiency of the estimator; I set W equal to the identity matrix. Because of the computational resources required and the negligible benefits, I do not implement efficient SGMM. Since the SGMM problem is typically characterized by some discontinuity, a Nelder-Mead simplex method is employed rather than a gradient-based approach for finding the minimum. The simulated estimator converges in probability to the true θ as the number of agents approaches infinity:



√



A(θˆS,A − θ0 ) → N (0, QS (W )).



The covariance matrix of the vector of moment conditions is given by8 QS (W ) = (1 +
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where   Σ(θ0 ) = E0 (µ(xa ) − E0 µ(xsa (θ))) (µ(xa ) − E0 µ(xsa (θ)))0 . As S approaches infinity, QS (W ) limits to the standard GMM variance-covariance matrix. 7 8



Menzio and Shi (2008) and Shimer (2005), respectively. Gourieroux and Monfort (1996).
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5



Results



The estimated values of the model’s parameters are in Table 3. The first thing to note from the results is that the standard deviation of the amenity component of match quality is about half of the standard deviation of the productivity component. As discussed previously, this reflects the fact that tenure and wages are positively correlated. The standard deviation of overall match quality π + q is 7.67, but this and the other parameter values are in terms of “model currency” and must be converted to current US dollars. Specifically, I multiply the figures by



wemp wsim ,



where wemp is the average wage from the data and wsim is the average simulated



wage. Since I assume the correctness of the underlying model, the average simulated wage is equal to the average empirical wage. The standard deviation of overall match quality is then 9.75 dollars per hour (2010 dollars). This number is large, but keep in mind that it reflects the entire offer distribution of matches, a distribution with support over a wide range of matches that will never be chosen. However, the large magnitude does indicate that the returns to search are quite high, and that the typical employed worker would produce vastly disparate social surplus in different randomly chosen jobs. Unpriced and unobserved (by the econometrician) job amenities are quite large. Intuitively, the existence of these amenities seems particularly notable when one remembers that they are match and not job-specific. Large amenity estimates imply large social welfare gains from efficient coordination of workers and jobs. I also normalize the standard deviation of accepted match quality to make it comparable with the data. Since match quality enters the job value function linearly, this allows for an interpretation accepted accepted of σm in terms of flow output: a one-standard deviation increase in σm increases flow



output by 6.37 dollars per hour, or 26 percent of average flow output. Note that estimates of the switching cost, while not a focus of this study, are plausible at about two times average monthly income. Simulated and empirical moments are presented in Table 2.



5.1



Taxation and Match Quality



The division of match quality into productivity and amenity suggests an important consequence of the previous analysis: since job amenities cannot be taxed, wage taxation will impel workers to select into jobs with lower wages and more amenities. Estimation of the distortion generated on this margin is possible using a version of the model presented. It will now be necessary to add a state variable and track the distinct components of match quality. The social welfare consequences are interesting and somewhat subtle. First, recall that a relatively simple model of labor supply implies that the taxable income elasticity is a sufficient statistic for the deadweight loss of an income tax (Feldstein, 1999). Workers adjust their hours and participation in response to a tax, but they also evade the tax, alter their consumption of deductible/taxexcluded consumption, and so forth: all of which are captured by changes in taxable income but not always by labor supply changes. Consider the following decision problem, taken with slight
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modifications from Feldstein (1999). Let workers maximize the utility function U (L, C, Q, E) subject to the constraint C = (1 − τ )[w(1 − L) − Q − E]. L is leisure, C is “ordinary” or taxable consumption, Q is the value of job amenities, E is all non-taxed consumption aside from amenities, w is the pre-tax wage, and τ is the rate of wage tax. Feldstein’s insight was that a wage tax, in this setting, causes an increase in the price of ordinary consumption relative to all other goods, but no change in any other relative prices (e.g., leisure and tax-excluded consumption). This implies that the deadweight loss from the tax is a function only of the elasticity of taxable income, assuming a few other conditions not relevant to this paper, like the absence of fiscal and classic externalities. Labor search and heterogeneity in match quality create another exception to the original result. Intuitively, available matches differ in their relative prices of leisure and amenity. The ability to choose a different, more amenity-intensive match in response to a tax means that a wage tax changes all relative prices, not just the price of ordinary consumption. Leisure actually becomes more expensive relative to the amenity, for instance. In the short run, a new tax τ will only change the relative price of C; as in Feldstein’s setup, initial deadweight loss will be proportional only to the taxable income elasticity. In the long run, when workers are able to move to new jobs, the size of the distortion will depend on the match quality offer distribution and especially the amenity offer distribution. For this reason, if standard measures of deadweight loss are predicated upon short-run estimates of taxable income elasticities, deadweight loss will be calculated to be lower than if long-run taxable income elasticities were employed.9 The search setting considered in this paper is different than the Feldstein (1999) problem, which is competitive and has fixed wages. Though this paper’s model does not include an hours margin, one can think of the unemployment-to-employment reservation wage as being analogous to the intensive margin in the modified Feldstein problem. The exercises conducted in this section, informed by estimates from the baseline model, help to illuminate the social welfare effects of taxes. Details of the search process modify the connection between the taxable income elasticity and the elasticity of social welfare. Relative to an (otherwise-identical) economy with no match quality variation, the deadweight loss of a tax is higher in my baseline model. In the no variation economy, the only channel through which wage taxes reduce welfare is the unemployed workers’ reservation wage (and consequently the unemployment rate). With match variation, workers are impelled by the tax to select higheramenity, lower-wage jobs, which generates its own distortion.10 9



This is discussed in Saez et al. (2009), but the difference here is heterogeneity in match quality. This creates another margin on which distortion occurs only belatedly, exaggerating the short-run/long-run distinction. 10 The Nash bargaining assumption of this paper’s model will enhance the taxable income elasticity relative to the simpler model discussed in Section 2. In the simpler model, workers were paid their monetary productivities. In the baseline model, workers and firms bargain over job surplus, and both know that this includes an amenity. Observed wages in jobs with higher amenity levels will be lower, which increases the incentive for a worker to bypass income tax through selection of higher-amenity jobs.
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Inclusion of wage taxation requires an elaboration of the baseline model presented above. Assuming that the tax is paid by workers, the value functions are now



W (π, q, x) = (1 − τ )w(π, q, x) + q + βsU + β(1 − s)(1 − α1 )P rob((U > W (π, q, x0 ))|x) U | {z } bad x shock: separate



+ β(1 − s)(1 − α1 )E[1(W (π, q, x0 ) ≥ U ) W (π, q, x0 )] | {z } no job offer: stay in job



+ β(1 − s)α1 E[max{W (π 0 , q 0 , x0nj ) − c, W (π, q, x0 ), U }] , | {z } continuation value conditional on new job offer



where τ is the wage tax rate and other parameters are defined as before: w is the observed wage, x is the idiosyncratic shock to the current match, x0nj is the idiosyncratic shock associated with a new job offer, and β is the discount factor. s is the exogenous separation probability, and α1 and α0 are the on- and off-the job arrival probabilities, respectively. Unemployed workers receive a flow benefit b. Firms and workers encounter one another with probabilities that depend only on employment status and are constant over time. Match quality m consists of two components: a monetary productivity term π that accrues to the firm and a non-monetary benefits term q that is entirely consumed by the worker. Further, q is not produced by firms; rather, it is endowed when a worker meets a firm. π draws are distributed according to a normal cdf Π with mean zero and standard deviation σπ ; q draws are distributed according to a normal cdf Q with mean zero and standard deviation σq . The two are assumed uncorrelated. The sum q of these draws m then obeys a normal cdf M with mean zero and standard deviation σm = σπ2 + σq2 . A one-time switching cost c is incurred by employed workers who accept new job offers. The unemployment value function is U = b + β(1 − α0 )U + βα0 Ex0 ,π0 ,q0 [W (π 0 , q 0 , x0 ), U ]. The job value function is now J(π, q, x) = x + π − w(π, q, x) + β(1 − s)(1 − α1 )E[1(W (π, q, x0 ) ≥ U )J(π, q, x0 )] + β(1 − s)α1 E[1((W (π 0 , q 0 , x0nj ) − c < W (π, q, x0 )) ∩ (W (π, q, x0 ) ≥ U ))J(π, q, x0 )]. Social welfare is the steady state flow output x + m associated with a job, summed over all agents, less the switching costs paid. Social welfare in a steady state period is given by I X (1(employedit = 1) · (xit + πit + qit − φ(qit )) + 1(employedit = 0) · b) SW = i I X − (1(jobswitchit = 1)) · c − T , i
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(4)



where 1(jobswitchit = 1) is an indicator for whether a particular worker moves from one match to another in a given period. T is a lump-sum tax levied to pay for unemployment benefits b, with I X T = 1(employedit = 0) · b. Moreover, note that taxable income is the sum of pre-tax wages i



received in a particular period I X



(1(employedit = 1) · (wit )),



(5)



i



and job switching costs are not considered to be tax-deductible, consistent with the fact that a substantial portion of switching costs are non-monetary. Both social welfare and taxable income are normalized to 100 in the absence of taxation. Social welfare, taxable income, and corresponding tax elasticities are given in the left columns of Table 4. The tax distortion is highly nonlinear in the level of the tax. While a ten percentage point tax increase leaves welfare almost unchanged when starting from an untaxed economy, a ten percentage point tax increase from 40 to 50 percentage points causes a reduction in social welfare of about 1.9 percentage points. The deadweight loss at a 40 percent tax rate is 3.1 percentage points of social welfare. Recall, however, that the original Feldstein (1999) result suggests that the response of taxable income to the tax rate is sufficient to understand social welfare consequences. It is clear that this result is violated in the model considered here, but perhaps not clear in which direction the bias runs: are we likely to be overstating or understating the deadweight loss of a tax in the presence of match-specific amenity variation? To answer this question, I conduct the following experiment. Divide the standard deviation of offered amenity variation, σq , by two and increase the standard deviation of offered productivity variation, σπ , by enough to hold σm constant. This allows us to isolate the effect of a change in the extent of amenity variation. Now I generate the same taxable income and social welfare curves generated previously. If the econometrician underestimates amenity variation in this manner, the right columns of Table 4 show that social welfare and taxable income will be thought to be approximately identical. In reality, however, taxable income is increasingly overstating the social welfare decline as σq rises. This may seem counterintuitive, since the introduction of amenities leads to an additional distortion: the endogenous mix of amenity and monetary productivity responds to taxation, moving away from optimal levels as the tax increases. However, taxable income will respond more dramatically. Imagine an arbitrarily small tax dτ applied to an economy that is currently implementing a socially optimal equilibrium. It is clear that this tax generates no deadweight loss, since the no-tax allocation is efficient. In terms of social welfare, any reduction in wage income is matched by an increase in utility from the amenity. By the same token, however, the tax will generate a reduction in taxable income.
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5.2



Application to Optimal Unemployment Insurance



Unemployment insurance is one of the most important policies for which estimates of match quality and returns to search are directly relevant. In an economy with no labor market comparative advantage (no match quality heterogeneity) and risk neutral workers, unemployment insurance would serve only to tax labor and reduce employment below the optimal level. Various considerations complicate the calculation of optimal UI, not least of which is the heterogeneity of match quality. This section contains an exercise that is informative about the relationship between match quality and the optimal unemployment insurance benefit. Acemoglu and Shimer (1999) show that unemployment insurance can induce higher productivity by allowing workers to search for higher-quality jobs. Several authors have conducted reducedform analyses of changes in unemployment insurance law, with mixed evidence of an effect of UI (unemployment insurance) generosity on subsequent job duration. Ours and Vodopivec (2008) examine a change in Slovenian law and see no significant effect on subsequent tenure. Belzil looks specifically at UI benefit duration, rather than the level of the benefit, and finds that “increasing the maximum benefit duration by one week will raise expected unemployment duration by 1.0 to 1.5 days but expected job duration by 0.5 to 0.9 days only.” (p.635, Belzil (2001)) Mario Centeno, in a number of papers, finds substantial post-unemployment job duration effects (2004, 2006, and 2009). The baseline model unambiguously predicts that more generous unemployment insurance, implemented via a higher flow benefit to unemployment b, induces higher match quality and longer job spells, albeit at the cost of lower aggregate employment. The advantage of the structural approach is that it is possible to speak precisely about UI welfare effects. The model shows the effect a change in b has on the entire accepted distribution of match quality, which in conjunction with a social welfare function is sufficient to find the full welfare consequences. Note that amenities are unimportant in this experiment, in contrast to the tax application. The match quality offer distribution is the object of interest. It is possible, however, that match quality variation is sufficiently negligible as to allow it to be ignored in the setting of unemployment insurance policy. The exercise shown below is evidence against this possibility. Socially optimal b values are calculated by assuming all the other estimated parameters, then maximizing (through simulation) the expression above with respect to b. The assumption of risk neutrality is unrealistic, though consistent with the permanent income hypothesis. Accordingly, the “optimal” UI benefits calculated here should be understood primarily as a useful way to isolate the effects of match quality dispersion. Introducing an insurance motive to the model would complicate this. The UI benefit chosen by policymakers operates through the reservation wage (for movement from unemployment) and the threshold wage required for a job switch. Higher benefits induce both higher unemployment and higher average match quality, since workers optimally search longer when the cost is reduced. 21



This paper conducts an exercise in which estimated variation in match quality is halved and socially optimal UI benefits compared between the two cases. The primary tradeoff in this economy is between reduced output from added unemployment (associated with higher b) and worse job mismatch (associated with lower b). Workers do not internalize all the benefits of search because firms receive a portion of the rents from employment. The socially optimal flow benefit to unemployment triples when the standard deviation of match quality doubles to the estimated value. Perhaps more informatively, the ratio of the optimal UI benefit over average flow output rises by 12 percentage points. This gives an indication of the importance of accurate match quality measurements to unemployment insurance policy.



5.3



Comparison with Conventional Match Quality Estimates Based on Wages



The estimates shown above come from a very different model than most that have been tasked to address match quality. They are likely to differ for many reasons that have already been discussed, but comparisons of the results may be instructive. Discussion of labor market comparative advantage typically begins with wage variation. In an economy with no non-monetary job amenities, a fixed-effects analysis incorporating all relevant time-varying factors will be sufficient to reveal the fraction of wage dispersion due to match quality variation. However, since only accepted wages are observed, the match quality distribution implied by this analysis is the accepted match distribution and not the offered. This is unfortunate in that the underlying, unobserved offer distribution is the more important object for several purposes, including an understanding of the returns to search and optimal unemployment insurance. An unemployed worker will set a reservation wage that is a function of the wage offer distribution, not the accepted wage distribution. The model presented in this paper is capable of recovering both the accepted and offer distributions, which permits a comparison between the results thus obtained and the results produced by a wage regression approach. In finite samples, however, the latter method will overestimate the extent of match quality heterogeneity, even assuming away non-monetary amenities. This is because persistent, time-varying idiosyncratic productivity shocks - incorporated in the model as the log AR(1) process ln(x0 ) = ρx ln(x) + x , x ∼ N (0, σx2 ) - generate wage variation that only limits to zero as the number of observations per match limits to infinity. Wages are increasing in both m and x, and a persistent, high x shock at the outset of one job will raise the average wage paid relative to an otherwise identical, low x shock job taken by the same person. With a typical persistence ρ = 0.9, the half-life of a shock, in logs, is about 6.5 months, so it is not the case that productivity shocks are decaying too quickly to meaningfully affect the average wage at a job. In simulated panels generated at the estimated parameters, I find a substantial small-sample positive bias to the wage regression estimates of match quality variation. This bias is strongly increasing in the persistence ρ. Using the wage regression approach mentioned previously, I calculate the component of wage variation due to match quality variation from the same NLSY79 data. The wage regression is of 22



the form: wit = Xit βX + θi + µij + it , where w is the observed wage, Xit is a vector of demographic characteristics, θi is an individual fixed effect, µij is a match-specific fixed effect, and it is a time-varying error term. In addition to the previously-discussed weaknesses of the wage-based approach, there is one more practical problem with extracting a match quality estimate from wage information. Wages are highly skewed even after controlling for observables and individual fixed effects, in part due to what appear to be coding errors in the NLSY79. Measurement error in wages creates difficulties for any approach to estimating match quality that relies principally on wage data. As described above, I calculate the standard deviation of µij , with wages trimmed at the cutoffs11 of $0.1 and $1000, to be $14.18 per hour. However, with more aggressive trimming that keeps only the middle 95 percentiles, the same figure is $6.53 per hour. This suggests that the treatment of measurement error and outliers in a wage decomposition is quite important, and potentially makes the results sensitive to the assumptions made. For comparison, recall that the standard deviation of accepted match quality was estimated to be $6.37 per hour. Note, however, that the estimates are not strictly comparable, in that the structural model produces estimates of match quality proper, while the wage regression produces estimates of the (wage) variation ascribable to match quality. Under certain assumptions these may be identical, but not under the assumptions of the model.
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Related Literature



This project is built on two literatures and two seminal papers: labor search (Mortensen and Pissarides, 1994) and job duration as match quality (Jovanovic, 1979). Mortensen and Pissarides provide the basic framework for the random search model employed in this paper, albeit without on-the-job search and a few other modifications. Working within the Mortensen and Pissarides class of model, Shimer (2006) adds on-the-job search in a partial equilibrium context, with job offers arriving at an exogenous rate constrained to be the same on and off the job. Jovanovic (1979) and related papers like McCall (1990) provide a theoretical basis for the assertion that tenure is informative about job match quality, embedding match quality variation in an equilibrium model of job turnover. A large, mostly empirical literature has developed that takes tenure as a proxy for match quality and examines, for example, job mismatch over the business cycle (Bowlus, 1995) and the effects of changes in unemployment insurance law (Ours and Vodopivec, 2008). Papers in the latter category are discussed briefly in Section 5.2. Some authors have pursued related questions with identification or calibration strategies making use of duration data. Nagypal (2007), for instance, distinguishes accumulation of human capital from learning about match quality using, in part, matched firm-worker data including tenure information. Becker (2009) focuses on job amenities and finds that they are quantitatively substantial. 11



Barlevy (2008).
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Sullivan and To (2011) assess the relative importance of non-wage and wage job utility in a 2011 working paper. They estimate the offer distributions of wages and non-wage utility in a search context, and use the fraction of job switches associated with wage declines to identify the distribution of non-wage utility. Although they are not concerned with estimating the distribution of match quality, like Becker (2009), Sullivan and To find non-wage utility to be substantial. Though this paper is not explicitly about compensating differentials, separate estimation of productivity and amenities, along with the particular wage bargain assumed, implicitly involve tradeoffs between wages and amenities. As is intuitively the case, workers in jobs with low amenities will (holding match quality constant) receive higher wages. The baseline model makes use of wages to help separate productivity and amenities, which puts it in debt of papers like Rosen (1974) and Friedman and Kuznets (1954). Unlike most compensating differentials papers, however, this paper does not assume equality of utility across options and the focus is on parameters of the aggregate match quality distributions rather than any cross-sectional tradeoffs. A large theoretical and empirical literature has developed around the explanation and decomposition of wage dispersion in an on-the-job search context. Postel-Vinay and Robin (2002) construct a variant of the Burdett and Mortensen model that they use to decompose wage variation into person, firm and “market friction” contributions. The latter does not include match quality variation, as it is simply the wage dispersion endogenously generated by the Burdett-Mortensen structure. Mortensen (2003) discusses similar explanations for wage dispersion. Hagedorn and Manovskii (2010) take a less structural approach, estimating the variance of match quality from wage data in a multi-step procedure that subtracts the contributions of tenure, experience, fixed effects, and within-job wage shocks, obtaining match quality variation as a residual. On-the-job search models typically predict that all job changes will be associated with increases in observed wages. However, this is decidedly not the case in the data12 , and various solutions have been proposed. Of course, some or all of wage declines associated with job-to-job transitions can be interpreted as measurement error. In the NLSY79, for instance, that some reported wage declines are spurious is explicitly noted by the survey administrators.13 Wolpin (1987) and related literature explicitly incorporate measurement error into their models. It is difficult to explain the extent of job-to-job transitions that involve wage declines with measurement error alone, considering, for instance, that a full third of job-to-job wage changes in the NLSY79 are reductions. Another approach is to construct some aspect of the model that leads workers to (occasionally) optimally switch to lower-wage jobs. As an example, Postel-Vinay and Robin (2002) and Cahuc et al. (2006) use a bargaining arrangement that allows workers to choose lower-wage but higher-productivity firms that will in the future be able to better match outside offers. The present paper, though not principally motivated by the concern of wage reductions in job-to-job transitions, provides 12



See Sullivan and To (2011) for data from the NLSY97. Postel-Vinay and Robin (2002) find a similar result in French data, with a third to a half of workers reporting wage decreases as they change jobs. 13 From NLSY79 documentation at http://www.nlsinfo.org/nlsy79/docs/79html/79text/wages.htm: “Note that: the calculation procedure, which factors in each respondent’s usual wage, time unit of pay, and usual hours worked per day/per week produces, at times, extremely low and extremely high pay rate values; no editing of values reported by a respondent occurs even if the value is extreme, such as $25,000 per hour...”
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a different answer to this question. When unpriced amenities are accounted for, optimal wage choice is such that workers will frequently choose lower-wage jobs that are nonetheless preferred to previous jobs due to their superior amenities.
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Future Work



A large theoretical and empirical literature has developed around the question of cyclical variation in productivity and labor match quality. The model developed above could be used to evaluate the competing theoretical models describing the cyclical evolution of match quality. The degree of labor market specialization is expected to vary cyclically; this variation is informative about the size and timing of the welfare costs of recessions. Using the match quality offer distribution estimated previously, I can simulate the effect of a recession on average and marginal realized match quality at various lags, tracing out the so-called “cleansing” and “sullying” effects of recessions (Barlevy, 2002). The cleansing effect is relatively well-known, as it refers to the Schumpeterian process of creative destruction operating in the labor market. Recessions lower the joint surplus to employment across the board, which destroys the least productive jobs and impels workers and firms to search for better matches. In this way, a recession may immediately raise average labor productivity. The “sullying” effect is a more recent coinage that refers to the ongoing and gradual reduction in average labor productivity generated by the reduced search effort expended during a recession. As workers move up the match quality ladder more slowly during a period of low aggregate productivity, average labor productivity gradually diminishes. Another avenue for future research is accounting for ex ante individual heterogeneity. I plan to add ex ante effects to the model. This will serve the dual purposes of making explicit the robustness of σm estimation to individual fixed effects, as well as generating an endogenous positive correlation between π and q, which is more in keeping with observation. Identification of these ex ante differences will require a more extensive use of NLSY79 wage moments. In the final chapter of this dissertation, coauthored with Brendan Epstein, we elaborate on the theory of the wage tax distortion, the relationship between match quality and social welfare with endogenous amenity supply, and implications of the dynamic aspect of the wage tax distortion, among other things. Search is not required to generate the distortion on the amenity margin, which exists in more general settings. We plan to examine a model with rigid wages but flexible amenity supply, which may generate interesting results consistent with stylized facts of the business cycle.
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Appendix



The model’s objects are recovered from a simulated steady state in which all the objects are stationary. I simulated 20,000 agents over 724 periods, the latter being selected to match the average duration of a subject’s participation in the NLSY79 sample. As with the data, the simulated panel does select on job spells that end prior to the last month generated. Note that exogenous separations are helpful for speeding the transition to steady state in models with on-the-job search; workers with higher match quality are less likely to receive a sufficiently negative idiosyncratic shock to induce unemployment, and exogenous shocks keep the job quality ladder from becoming too top-heavy. Two key grids were constructed: one for time-invariant job-specific match quality, and one for time-varying idiosyncratic productivity. The latter was defined on a grid with Nx = 9, with the grid and the transition matrix generated according to the Tauchen (1986) algorithm, but modified to provide a grid of equiprobable (not equidistant) points.14 This modification is somewhat more efficient, as it does not waste time with grid points that are unlikely to be reached through the log AR(1) process. The second important grid is that of match quality, with Nm = 12. I interpolate during simulation rather than dramatically increasing the grid size. The matrices used to form expectations over possible jobs, for purposes of deriving the value function, are in general severaldimensional arrays with size increasing exponentially in Nx and Nm , so the computational problem quickly becomes intractable as the grids become finer. As previously mentioned, value function iteration is employed and the workers simulated to follow the associated policy functions. Value functions W (m, x) U ,and J(m, x) along with a wage grid wgrid(m, x) are initialized for all values of the support, with wgrid simply a deterministic function of the value functions, assuming Nash bargaining. This is possible because the wage enters linearly into both the worker and firm value functions, allowing the i − 1 iteration of the wage to be subtracted (added) from the worker (firm) value function before calculating the ith iteration: wgrid0 = γ(J + W − U ) − (W − U ) + wgrid. Value functions are repeatedly generated, assuming the correctness of the previous iteration of value functions, until the discrepancy across iterations becomes small. During simulation, records are made of every relevant variable. Random shocks are drawn before simulation for all of the stochastic variables and held constant as model parameters change. Very few simulations are required to substantially reduce error relative to the GMM estimator.15 For computational reasons, I generate only three simulated panels for each value of the parameter vector, which is enough to obtain precise estimates when the panel is sufficiently large. I tried several different weighting matrices; results were very similar under each. 14 15



Ryan Michaels, correspondence. Ackerberg (2001).
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Table 1: Summary statistics (NLSY79) Age Education Race Black Hispanic Else Sex Female Male Tenure Wage



29.5 (mean) 12.6 years (mean) 13.1% 7.6% 79.3% 49.7% 50.3% 30.2 months (mean) $15.8/hour (mean)



Notes: Observations associated with the military and supplemental subsamples, as well as currentlyenrolled high-school and college students, are dropped.
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Table 2: Simulated and empirical (NLSY79) moments Moments Mean tenure Variance of tenure Skewness of tenure Unemployment benefits as a fraction of flow output Unemployment rate Job-to-job transition probability Unemployment-to-employment transition probability Wage-tenure correlation Wage coefficient of variation



Simulated 32.0 1419 2.36 0.40 0.040 0.013 0.242 0.258 0.344



Empirical target 30.5 1419 2.29 0.50 0.046 0.014 0.193 0.225 0.489



Notes: all moments are at a monthly frequency. Observations associated with the military and supplemental subsamples, as well as currently-enrolled high-school and college students, are dropped. The empirical tenure distribution and transition probabilities are generated according to a procedure described in the text.
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Table 3: Model parameters σπ σq c b α1 α0 s σx



6.90 (.0133) 3.35 (.0092) 28.00 (.0001) 7.59 (.0060) 0.75 (.0144) 0.85 (.0017) 0.01 (.0000) 0.46 (.0016)



Notes: all moments are at a monthly frequency. Observations associated with the military and supplemental subsamples, as well as currently-enrolled high-school and college students, are dropped. The empirical tenure distribution and transition probabilities are generated according to a procedure described in the text.
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Table 4: Effects of wage taxation



Tax rate 0% 10% 20% 30% 40% 50% 60% 70% 80% 90%



Social welfare 100.0 99.7 99.1 98.2 96.9 95.0 89.9 83.3 72.2 49.8



Baseline Social Taxable welfare income elasticity 100.0 95.5 0.03 93.5 0.05 91.9 0.07 90.4 0.09 87.5 0.11 77.9 0.25 67.7 0.27 50.3 0.35 15.9 0.54



Taxable income elasticity 0.44 0.18 0.13 0.11 0.18 0.52 0.492 0.73 1.66



Reduced amenity variation Social Taxable Social Taxable welfare income welfare income elasticity elasticity 100.0 100.0 99.8 99.7 0.02 0.03 99.4 98.8 0.03 0.08 98.4 98.6 0.08 0.02 96.7 98.5 0.11 0.01 94.0 98.1 0.16 0.02 86.7 90.2 0.36 0.38 77.3 82.9 0.40 0.29 37.9 39.5 1.76 1.83 4.7 4.7 3.01 3.07



Notes: Social welfare and taxable income are indexed to 100 at a 0% tax rate and defined as described in the text. Elasticities are calculated by the comparison of steady-state equilibria and are taken with respect to the net-of-tax rate. Analysis uses data from the NLSY79 as detailed in the text.
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Figure 2: Unweighted empirical tenure distribution 10000 9000
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Notes: spells are defined as uninterrupted periods of employment at a particular job. Observations associated with the military and supplemental subsamples, as well as currently-enrolled high-school and college students, are dropped.
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