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Large Locational Differences in Unemployment Despite High Labor Mobility: Impact of Moving Cost on Aggregate Unemployment and Welfare∗



Damba Lkhagvasuren† Concordia University, Montreal, Canada April 2010 This paper develops a multi-sector equilibrium model that accounts for high cross-state labor mobility and large variability in unemployment rates across states. The model allows for explicit treatment of net and gross labor mobility between local markets and withinmarket search frictions. The prediction of the model is consistent with procyclicality of gross mobility. The model generates a striking result: that unemployment is a Ushaped function of moving cost. It shows that moving cost subsidies can reduce aggregate unemployment while enhancing welfare. It also provides insights into the cross-country differences in aggregate unemployment, procyclicality of occupational and industrial mobility and the impacts of homeownership, city size, and an aging population on aggregate unemployment. Keywords: Local Labor Market, Mobility, Aggregate Unemployment, Multi-Sector Equilibrium, Impact of Moving Cost, Welfare Impact of Subsidizing Moving Cost
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Introduction



There exists considerable labor mobility within the U.S.; in fact, enough that, if migration arbitrages differences in unemployment, one might expect very low cross-state differences in unemployment. However, local area unemployment data reveal that the cross-state differences in unemployment are large - for instance, large compared to variations in national unemployment over time. These differences remain large, even after controlling for state fixed effects. The wide and persistent variation in unemployment across states, combined with high interstate labor mobility, leads naturally to the question of why unemployment is so unequal across the U.S.? One can approach the question by simply assuming non-economic factors, such as preference shocks or shifts in local attractiveness, as the driving force of individuals’ relocation decisions. However, empirical studies that use both micro and sub-national level data consistently find that interstate migration decisions are influenced to a substantial extent by income and employment.1 In addition, the Current Population Survey (CPS) reveals that interstate moving is more likely to be made for work-related reasons. More importantly, if the labor force moves across regions for non-economic reasons we would expect labor mobility to be counter-cyclical over the business cycle. However, this is inconsistent with the procyclicality of labor mobility documented in this paper. In this paper, we develop an equilibrium multi-sector model where labor mobility is driven by income and employment prospects. The model allows for explicit treatment of labor flows between local markets and within-market search frictions. We calibrate our model using the CPS and sub-national level data released by the Bureau of Labor Statistics and the Bureau of Economic Analysis of the U.S.. We show that a reasonably calibrated version of our model accounts for large locational differences in unemployment, while allowing for high labor mobility. The model is also able to explain the observed procyclicality of gross mobility in the U.S. 1



For example, Borjas, Bronars, and Trejo (1992), Dahl (2002), Kennan and Walker (2008) analyze individuals’ earnings differences by their mobility status and find that gross labor flows across states are substantially influenced by individual-specific income effects. It should be noted that these studies abstract from local labor market dynamics and unemployment. However, Topel (1986) and Blanchard and Katz (1992) find that labor mobility across states is highly susceptible to local labor market conditions. Also see Greenwood (1997) for the survey of the earlier literature on internal migration.
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Having developed a multi-sector equilibrium model to explain the above data features, we then use it to address policy-related issues. This is important for the obvious reason that the set of policy instruments is richer in a multi-sector model. Therefore, as another main contribution of the paper, we study how moving cost, the key policy variable in a multi-sector model, affects aggregate unemployment and welfare. The model generates a striking finding that aggregate unemployment is a U-shaped function of moving cost. However, over a wide range of moving costs that are of both empirical and policy relevance, a reduction in moving cost lowers aggregate unemployment. This is in sharp contrast to the prediction of the existing models of sectoral reallocation. Also surprising are our results regarding the welfare impact of the moving cost. We show that due to a novel externality effect found in this paper, subsidizing moving cost improves welfare, even in a setting where efficiency is normally expected. To explain why we obtain these new results, let us first spell out the key elements of the model. Following prior works on sectoral reallocation, we build on Lucas and Prescott’s (1974) island model.2 Their model has the following key features which are important for our purpose. First, a large number of workers interact across spatially separated labor markets, referred to as islands. In the model, unemployment arises because moving across islands takes time. Second, the marginal productivity of labor is decreasing at the local level and shifts with island-specific shocks. Third, employed workers on an island can choose to work at wage on their own island, or look for a better opportunity by moving to another island. We extend the Lucas and Prescott model by considering the following two elements. First, workers are subject to an idiosyncratic, location-specific productivity shock which is not perfectly-correlated across locations. Because of the idiosyncratic productivity shock, a worker may move from one island to another, even if labor market conditions are the same on each of the two islands.3 Second, within each island, firms and workers meet through a matching technology as described by Mortensen and Pissarides (1994) and 2



A representative sample of prior works which builds on Lucas and Prescott’s framework might include Rogerson (1987), Alvarez and Veracierto (1999, 2000), Kambourov and Manovskii (2009) and Alvarez and Shimer (2009). 3 This is consistent with Borjas, Bronars, and Trejo (1992), Dahl (2002) and Kennan and Walker (2008) who find that a substantial fraction of variance in the earnings of workers is due to the location-match effect.
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Pissarides (2000). Thus, if an unemployed worker decides not to move to another island, that worker searches for a job locally and become employed with a probability less than one. When employed, a worker faces a probability of becoming unemployed. Wages are determined through competitive search as postulated in Shimer (1996) and Moen (1997). In particular, we assume that firms post wages and unemployed individuals direct their search to the most attractive firms on their island. In the model, moving cost affects unemployment through three main effects. Clearly, a reduction in moving cost raises mobility. Since moving across markets takes time, it puts an upward pressure on unemployment as in Lucas and Prescott’s model. We refer to this as the mobility effect of moving cost. In the model, employed workers face a probability of leaving their current market when they are separated from their current employer. Therefore, lower moving costs make employment more attractive and thus raise the life-time utility value of a new job to the worker. In response, firms post lower wages while increasing vacancy posting. Therefore, a reduction in the moving cost raises the job-finding rate and puts a downward pressure on aggregate unemployment. We refer to this as the search effect. There is also an arbitrage effect because of the interaction of local disturbances and decreasing returns to scale of the local production technology. Lower moving costs make the labor force less vulnerable to adverse local technology shocks. If a local labor market is hit by an adverse shock, with a lower moving cost, some of its residents move out faster while raising average output of workers who stay behind which in turn puts a downward pressure on unemployment. Our analysis shows that mobility and search effects are primarily responsible for the U shape: when moving cost is high, the search effect dominates and, once the moving cost is already low, the mobility effect dominates. However, evaluated at moving costs which are empirically relevant, the search effect dominates and thus a marginal decrease in the moving cost reduces aggregate unemployment. Specifically, the model predicts that a 15% subsidy toward moving costs in this relevant range reduces the aggregate unemployment rate by three percent and cross-sectional differences in unemployment by five percent. It should be noted that the search and arbitrage effects are absent in Lucas and Prescott’s model. Therefore, in their model, lowering moving cost raises unemployment
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(See Lucas and Prescott, 1974, p205.). Our results show that the search effect is quantitatively more important than the other two and therefore essential in understanding labor mobility and unemployment. Moreover, unlike Lucas and Prescott’s model, our model predicts that moving cost affects aggregate unemployment even in the absence of net mobility. These predictions show that neglecting equilibrium effects induced by within-market trading frictions could lead to the conclusion that subsidizing moving cost raises aggregate unemployment although its true effect could be opposite. Rogerson, Shimer and Wright (2005) show that models with a combination of wage posting and directed search generate efficiency under quite general assumptions and therefore do not justify a policy intervention. Since we use the same wage setting mechanism, our welfare result that moving cost subsidies are welfare-enhancing is highly surprising. We find that an important positive externality arises due to the combination of withinmarket trading frictions and between-market mobility. To make the point clearer, let us suppose that at time t1 the government announces a new policy which lowers moving costs starting from time t2 , t1 < t2 . Obviously, this policy will raise productivity of the matches formed after time t2 because workers are choosier with lower moving costs. However, the policy also affects the matches formed between t1 and t2 . Since these matches face a certain probability of being destroyed after t2 , lower moving costs mean that the workers separated from these matches will have higher lifetime utility. Therefore, the policy will make new jobs more attractive and therefore firms will create more vacancies per stayer while posting lower wages. This will increase employment even before time t2 . So, a lower moving cost incurred in the future has a positive feedback effect on current employment. More interestingly, this positive effect remains even when mobility is prohibited in the initial economy and the policy change allows workers to move starting from t2 . Another important observation is that our welfare results are not specific to multisector models. A simplified version of our multi-sector model can be thought of as a one sector model where agents make an ex-ante investment to improve their productivity. Under such an analogy, lowering moving costs can be thought of as subsidizing ex-ante investment. Therefore, our finding is also related to the important literature on efficiency
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of search equilibria with ex-ante investment.4 In particular, Acemoglu (1996) and Masters (1998) show that when agents decide how much capital to acquire prior to searching, the equilibrium outcome with search frictions is not necessarily efficient. However, Acemoglu and Shimer (1999) show that the competitive search equilibrium with ex ante investment is efficient. The reason why our results differ from those in Acemoglu and Shimer (1999) is that the above feedback effect is absent in their model. This will be explained in this paper. Models which do not explicitly distinguish between mobility and unemployment can not explain the observed procyclicality of gross mobility. For example, in the Lucas and Prescott model, mobility and unemployment move together. This prediction motivated the empirical analysis of Lilien (1982) who argued that sectoral shifts in labor demand are mainly responsible for cyclical variation in unemployment. However, Abraham and Katz (1986) argued that the negative correlation between unemployment and vacancies indicates that cyclical variations in unemployment are primarily driven by aggregate shocks rather than sectoral shifts. This is probably why one-sector models are more frequently used to study unemployment than multi-sector ones. Nevertheless, our model is able to explain the procyclicality of mobility while allowing for the negative correlation between unemployment and vacancies. These results show that introducing within-market search frictions and location-specific productivity shocks into an otherwise standard island model greatly improves the model’s prediction and thus provides a useful framework within which important welfare issues can be formulated and analyzed. Although we abstract from occupational and industrial mobility in this paper, our findings have important implications for labor mobility along these dimensions. Recent work by Moscarini and Vella (2008) finds that occupational mobility is also procyclical. Their paper also surveys earlier empirical works that find evidences on procyclicality of mobility across industries. Therefore, these evidences in the literature raise the possibility that labor market dynamics of the sort modeled in this paper may also be found in settings with occupational and industrial mobility. In addition to these findings, the model helps organize our thinking about the impact 4



See Rogerson, Shimer and Wright (2005) for the literature survey.
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of variables that affect workers’ mobility. For example, the model is able to reconcile the opposing findings of macro and micro studies that look at the impact of homeownership on unemployment. It also sheds light on how unemployment is related to spatial density (Coles and Smith, 1996) and an aging population or, conversely, youth share (Shimer, 2001 and Skans, 2005). The model can also be used to address the important question of why there are substantial cross-country differences in aggregate variables. For example, the recent work of Prescott (2004) and Ljungqvist and Sargent (2006) emphasizes the role of taxes versus benefits in accounting for cross-country differences in hours. If there are cross-country differences in the ease of switching locations or sectors, whether viewed as moving costs or training costs, the model can be used to assess the extent to which these differences cause the observed cross-country differences in hours of work, at least along the extensive margin. Persistent differences between geographic areas in aggregate variables such as income and employment have been studied by a number of authors.5 Previous studies have mainly focused on net mobility. For example, Topel (1986) and Blanchard and Katz (1992) study local labor market fluctuations by attributing relative shifts in the local labor force to geographic mobility. Therefore, their models treat net mobility, but only implicitly. Our departure from these studies is in allowing for both net and gross mobility explicitly in an equilibrium structural framework.6 As shown in this paper, net and gross mobility and unemployment are jointly determined in the sense that a policy that affects one margin also affects the other two. In addition, our findings suggest that moving cost affects unemployment and welfare more through gross mobility than through net mobility. The outline of the rest of the paper is as follows. In Section 2, we discuss the main empirical facts of unemployment differences across the United States and inter-state mobility. In Section 3, we develop our model. In Section 4, we solve the model and establish its main properties both analytically and quantitatively. In Section 5, we analyze the impact of moving cost on aggregate and local unemployment. In Section 6, using differ5 See, for example, Hall (1972), Topel (1986), Neumann and Topel (1991), Blanchard and Katz (1992), Shimer (2001) and Skans (2005) for cross-sectional differences in aggregate variables. 6 In the paper, gross mobility is defined as total mobility in the economy whereas net mobility means a part of gross mobility which causes shifts in the local labor forces relative to the economy-wide labor force.
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ent versions of the model, we show that subsidizing moving cost can improve welfare. In Section 7, we study cyclicality of labor mobility over the business cycle. The conclusions of the paper are drawn in Section 6.
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Facts



In this section, we discuss the basic facts of cross-sectional differences in unemployment and geographic mobility of the labor force in the U.S.. Although some of these facts are well known in the literature, another main goal of our empirical analysis in this section is to estimate the data moments that are used for the calibration of our model.



2.1



Cross-state differences in unemployment



Over the last thirty years, U.S. states have experienced large and persistent differences in unemployment rates. To measure the cross-sectional differences of unemployment, we use the coefficient of variation of unemployment across the states. Let (u1,t , u2,t , u3,t , ...u51,t ) denote the unemployment rates of the states and ut the aggregate unemployment rate of u



the U.S. at time t. Let ri,t denote the relative unemployment of state i: ri,t = ui,tt . Then q P ¡ ¢2 51 1 the coefficient of variation can be written as CV0,t = 51 i=1 ri,t − 1 . We measure cross-state unemployment differences using seasonally-adjusted, monthly unemployment and labor force by state.7 Between Jan 1976 and Feb 2009, the cross-state coefficient of variation, CV0 , ranges from 0.17 to 0.35 with an average of 0.24. To have an idea whether the measured differences are big or small, we compare them with cyclical unemployment which is considered to be one of the most volatile aggregate variables. Shimer (2005) reports that the standard deviation of cyclical variation in log aggregate unemployment is 0.19 between 1951 and 2003. Thus, the cross-sectional unemployment is as volatile as the variation of aggregate unemployment through time. The remainder of this subsection explores different ways to measure cross-sectional variation of unemployment. The conclusion remains quite robust.
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Table Measures CV0 CVL CVLF



1: Cross-State Differences in Unemployment Mean Std. Dev. Description 0.24 0.04 standard 0.21 0.03 weighted 0.15 0.03 weighted and fixed effect free



Note.– These measures were estimated from the BLS’s monthly state unemployment and labor force data of Jan 1976-Feb 2009.



Differences at the individual level. It is possible that differences in unemployment between local labor markets are small for most of the labor force while a few states have disproportionately high or low unemployment. If the cross-state unemployment differences measured by CV0 are generated largely by smaller states, then those differences would not be of much interest, at least from the macroeconomic perspective. To examine qP ¢2 51 Li,t ¡ if this is the case, we consider the following measure: CVL,t = where i=1 L0,t ri,t − 1 Li,t denotes the size of labor force of state i at time t and L0,t the size of the labor force P of the entire U.S. at time t, i.e. L0,t = 51 i=1 Li,t . As the unemployment rate of a smaller state may have measurement errors due to its small sample size, CVL also corrects for a potential upward bias in CV0 . We find that differences measured by CVL have an average of 0.21. It follows that spatial differences in unemployment are also large at the individual level.



State fixed effects. Blanchard and Katz (1992) find that state relative unemployment rates exhibit no trend. They also report a very low correlation for relative state unemployment rates between time periods 10 to 20 years apart. Therefore, their findings suggest that state fixed effects are not that large. It also suggests that permanent differences in local attractiveness are not the main reasons for regional unemployment differences. Nevertheless, to measure differences in unemployment that are solely due to cyclical factors, we qP ¢2 51 Li,t ¡ where ri denotes the construct the following measure: CVF L,t = i=1 L0,t ri,t − r i mean relative unemployment rate of state i during the sample period. Mean unemploy7



These series were constructed by the BLS under its Local Area Unemployment Statistics (LAUS) program using the Current Population Survey, the Current Employment Statistics and State unemployment insurance systems. The LAUS’s methodology is described at http://www.bls.gov/lau/home.htm.
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ment differences measured by CV0 , CVL and CVF L are summarized in Table 1 and show that the differences in relative unemployment rates remain large even after controlling for state fixed effects. Although CVL and CVF L seem to give better estimates of cross-sectional differences, each has a drawback. Sub-state geographic areas such as Metropolitan Statistical Areas (MSA), as defined by the U.S. Census Bureau, represent the U.S. local labor markets better than the states. For example, it is hard to expect Los Angeles, CA and San Francisco, CA to have a strong commuting tie. Therefore, given the available data, smaller states such as Alaska and Wyoming which have fewer MSAs might give a better picture of cyclicality of local labor markets than larger states do. Since CVL and CVF L put higher weights on states that have more MSAs, they give downward-biased estimates of local differences in unemployment. It should also be noted that part of the state fixed effects captured by the difference between estimates of CVL and CVF L could be due to the short sample period.



Differences by proximity. As individuals are less likely to move to distant labor markets it is possible that unemployment differences between neighboring states are much smaller than differences between distant states. To examine the effect of proximity of local labor markets, we consider two larger sub-national geographic units: Census Regions and Census Divisions. In particular, we calculate what proportion of cross-state unemployment differences is attributable to differences within these larger geographic groups. For this purpose, we consider the following decomposition: CV20 = BG + WG where BG denotes between-group differences and WG within-group differences. Since there are nine Census Divisions and four Census Regions, we should expect lower within group differences for Census Divisions than for Census Regions. Over the sample period, on average, only 17% of the total cross-state variance CV20 is due to differences between Census Regions and the remaining 83% is due to differences between states which belong to the same Census Region. For Census Divisions, as expected, the proportion of within group differences is a little lower and averages 55%. So, within-group differences dominate between-group differences in both cases. These findings suggest that cross-sectional unemployment dif-
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ferences are substantial even between proximate states.



2.2



Mobility



Gross mobility. As migration plays an important role in equilibrating unemployment rates across regions, we compare the measured unemployment differences with labor force migration. To distinguish between different measures of mobility, we introduce the following notation. Let nIi,t denote the total number of people who in-migrate to state i during the time period t. Similarly, let nO i,t denote the total number of people who out-migrate from the state during the same time period. Then, the aggregate mobility rate is given by P



mt =



i



nIi,t



L0,t



. Since we focus on internal migration, the aggregate mobility rate can also



be written as mt =



P



O i ni,t . L0,t



We measure mobility using the BLS’s Annual Demographic



Survey which records respondents’ current state of residence and the state they were living a year ago. Given the states of residence of two consecutive years, we construct in- and out-migration for each state for the period of 1981-2008 except for years 1985 and 1995 where CPS does not record the previous state of residence. Our sample includes adult civilians aged 20-64 years who are in the labor force, but excludes movers from foreign countries. We find that during the sample period, aggregate mobility mt averaged 0.03 per year, i.e. three percent of the labor force changed their state of residence each year. Given these observations, one can ask whether the observed annual mobility is too high or too low. To answer the question, we compare the observed mobility rate to the minimum mobility rate that is just enough to arbitrage the observed cross-state unemployment differences. This minimum mobility also effectively measures the number of workers who create the observed regional unemployment. As shown below in Table 4, cross-state unemployment is quite persistent over a year. Therefore, in order to eliminate cross-state unemployment, we have to move ui − u workers from states where ui > u to states whose initial unemployment is lower than the aggregate unemployment. If we assume that the cross-state unemployment follows any symmetric distribution, a half of the states will have higher than the average unemployment. Therefore, the total number of workers required to arbitrage cross-sectional unemployment is 12 Ei |ui − u| where Ei denotes the cross-sectional unconditional expectation. If the distribution is normal, the
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total number is given by 1 1 Ei |ui − u| = 2 2



r



2 uCV0 0.06 × 0.25 ' √ ' 0.006. stdi (ui − u) = √ π 2π 6.28



So, an estimate for the minimum mobility rate that is needed to arbitrage regional unemployment is 0.6%. This is much smaller than the measured aggregate mobility rate. Although this thought experiment does not take into account how the local markets respond to mobility and how unemployed individuals make their moving decisions, it does suggest that the overall geographic mobility of the labor force is much larger than the total number of unemployed workers who create cross-sectional differences in unemployment. Another important observation is that labor mobility does not vary much across states. In particular, we observe that state level mobility rate mIi,t =



nIi,t Li,t



has very little variation



as seen from the small standard deviation of mIi,t reported in Table 2. This indicates that there is a little gap between in- and out-migration at the state level. Put differently, most I moves between states cancel out; that is - net migration, nO i,t − ni,t , is much smaller than



gross migration (nIi,t + nO i,t )/2 in absolute terms. Net mobility. We now measure net migration. Since states differ by their labor force share, it is convenient to measure net migration relative to the state labor force. Let mO i,t =



nO i,t . Li,t



Moreover, let σm = stdit (∆mi,t ) where ∆mi,t = mIi,t − mO i,t and stdit denotes the standard deviation taken over both i and t. As a measure of overall net mobility, we consider δm =



σm Eit mi,t



where Eit denotes the mean taken over both i and t. The idea is that if there



were no net mobility, we would have ∆mi,t = 0 for all i and t and therefore, δm = 0. On the contrary, if all mobility were net mobility we would have either mIi,t = |∆mi,t | or mO i,t = |∆mi,t |. Then, given the plausible assumption that ∆mi,t follows a normal √ distribution across time and space, we have δm = 2π ' 2.5.8 Therefore, under the √ normality assumption, δm ranges from zero to 2π depending on how big net mobility is. We measure δm also using the state level data. However, to reduce the impact of measurement errors on the estimates of σm and δm , we exclude the states which have less 8 net mobility, we have mi,t = |∆mi,t |/2 and Eit ∆mi,t = 0. Therefore, δm = q Since all mobility isq 2 Eit ∆mi,t /Eit mi,t = 2 Eit ∆m2i,t /Eit |∆mi,t |. Given that ∆mi,t follows a normal distribution, δm = √ 2 Eε2 /E|ε|p where ε is a random variable which follows the standard normal distribution. Since Eε2 = 1 √ and E|ε| = 2/π, we obtain δm = 2π.
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Table 2: Labor Mobility Estimates



Moments Gross mobility, m



Data



0.029 (0.0045)∗



CPS, 1982-2008



0.036 (0.017)



–x–



Relative size of net mobility, δm



0.346



–x–



Net mobility, σm = m × δm



0.010



–x–



Labor force fluctuation, σl



0.0072



BLS, Jan 1976 - Feb 2009



Mobility by state, mi



∗ Standard



deviations are in parenthesis.



than a thousand respondents for a given year. Additionally, since we focus on cyclical factors, we control for state-specific long-term growth effects by considering the following measure: σm = stdit (∆mi,t − ∆mi ) where ∆mi is the state-specific mean of ∆mi,t over √ the sample period. We estimate that δm = 0.346 which is much lower than 2π implying that a large part of in- and out-migration cancel out at the local level and net mobility is much smaller than gross mobility. Borjas et al. (1992) note that due to low fertility rates, internal migration has become an increasingly important source of shifts in local labor forces. Therefore, comparison of the overall mobility and the cyclical variation of the local labor force gives us an idea of how big net mobility is. To measure cyclical variation of the local labor force, we use the standard deviation of the difference between the log labor force share, li,t = ln(Li,t /L0,t ), and its low frequency HP trend. Following Ravn and Uhlig (2002), we set the smoothing parameter of the HP filter to 129600 to detrend these monthly series. Let ∆li,t denote the deviation of li,t from its trend. We find that for the average U.S. state, the standard deviation of the cyclical fluctuation of its labor force over the sample period to be 0.72%, i.e. σl = stdit (∆li,t ) = 0.0072. This is much smaller than the overall mobility indicating that net mobility is very small. Table 2 summarizes the data moments we have measured so far.



Reason for moving. If individuals’ relocation decisions were solely driven by non-economic factors, such as preference shocks or shifts in local attractiveness, the large gap between
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observed mobility and the number of workers who create the observed regional unemployment may be of little importance. However, this is not entirely consistent with empirical facts and previous studies. First, CPS reveals that for interstate mobility, the highest percentage of people move for employment-related reasons followed by family- and housing-related reasons. For white male workers, the percentage of the employment-related moves are even higher (see Table 3). Clearly, some of the residential moves are recorded as an interstate move. For example, an individual could be moving from Jersey City, New Jersey to New York, New York for an easier commute without actually changing her or his local labor market. Thus, one might be concerned that reasons for moving across states may differ markedly from reasons for moving across labor markets. To reduce effects of neighboring states, we look at longer distance moves. In particular, given the data limitation, we consider mobility between Census Regions. Table 3 shows that the relative frequency of employment-related moves increases with the moving distance and thus confirms that most of the moves between different local markets are made for employment reasons. Moreover, interstate moves are Table 3: Distribution of Movers by Reason for Moving, 1999-2009 Between States Between Census Divisions Reason for moving All White All White Male Male Employment-related reasons 45.3% 51.6% 53.8% 59.2% Family-related reasons 23.5% 20.2% 22.2% 19.0% Housing related reasons 20.2% 18.3% 11.3% 10.5% Other reasons 11.0% 9.9% 12.7% 11.3% Note.– The percent distribution of movers of the same group and the same type of moves is presented by a column in the table. The sample includes adult civilians aged 20-64 years who work for wages or salary. Other reasons include attending or leaving college, change of climate and health.



frequently accompanied by a change in employment status or a new employment relation. Thus it seems reasonable to think that employment prospects and local labor market conditions also affect moves that are not recorded as employment-related.9 9



Mincer (1978) finds that individuals’ relocation decisions are greatly influenced by labor income prospects of their spouse. Thus local labor market conditions can also be important to some of the family-related moves.
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Second, a large number of empirical studies find that interstate migration decisions are substantially influenced by both local market conditions and individual-specific employment prospects. For example, Topel (1986) studies implications of a spatial equilibrium model for wage and employment dynamics and finds evidence that changing conditions in local labor markets have important effects on individuals’ wages and inter-state mobility. Using state level aggregate time series data, Blanchard and Katz (1992) provide an extensive investigation of local labor market dynamics and find that local markets adjust mainly through labor mobility. These papers focus on net mobility in the sense that they study how shifts in local labor markets affect mobility. However, recent micro studies which analyze individuals’ earnings differences by mobility status find that gross flows of labor mobility are also influenced by individual income prospects. See, for example, Borjas, Bronars, and Trejo (1992), Dahl (2002) and Kennan and Walker (2008).
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Model



Our goal is to develop an equilibrium multi-sector model of labor market dynamics that is capable of reproducing the facts presented above and that allows us to evaluate the impact of moving cost on aggregate unemployment and welfare. Specifically, we consider the following features of unemployment and mobility: 1. There are large cross-sectional differences in unemployment; 2. Net labor mobility across regions is much lower than gross mobility and most moves between regions cancel out; and 3. Unemployed workers are not necessarily movers and most unemployed workers find a job locally. The development of the model is necessarily constrained by a trade-off between complexity and computational tractability. As we said in the introduction, we merge key elements of arguably the most central workhorses of equilibrium unemployment theory: the equilibrium unemployment model of Lucas and Prescott; the Diamond-MortensenPissarides search and matching framework; and competitive search models (Shimer, 1996; Moen, 1997). In addition, we assume variable search intensity as described by Pissarides (2000). To solve the model, we use the Krusell and Smith (1998) method by extending 14



its application to a multi-sectoral decentralized search setting.



3.1



Environment



The economy is composed of a continuum of islands inhabited by a continuum of riskneutral workers. The total number of workers in the economy is normalized to one. Individuals are either employed or unemployed. Being employed means being matched with a firm. Each period an unemployed worker chooses to stay on the current island to search for a job or to move to another island to look for a better opportunity. While employed, workers do not engage in on-the-job search. Islands are subject to a local technology shock, z, which is common to all firms on a given island. Individuals are subject to an idiosyncratic island-specific productivity shock, x. Firms find employees by creating vacancies in each period when looking for workers. The vacancy creation cost of a firm who looks for a worker with productivity x is kx . Free entry drives the expected present value of an open vacancy to zero. Without loss of generality, we assume that each firm employs at most one worker. An unemployed worker looks for a job by exerting variable search effort. All matches are dissolved at an exogenous rate λ.10 Vacant jobs and unemployed workers are matched according to a matching technology. Per-period income of an unemployed worker is b. This unemployment income consists of the imputed value of leisure and actual income received during unemployment. Searching for a job locally and moving to another island are both costly. The cost of moving across the islands is C. Thus, for an unemployed worker who leaves her current island (a mover), net flow income is b − C. The cost of searching for a job in the local labor market depends on how intensively the worker searches. It also depends on productivity of the worker. Let si be the intensity of search of worker i. We assume that the cost of si units of search is gx (si ) where gx is a twice continuously differentiable, strictly increasing and strictly convex function. Therefore, net flow income of the unemployed worker, who 10



For clarity purposes, we present our model under the assumption that all matches are exogenously separated. In Appendix A-1, we allow for endogenous separation. However, it does not happen in a reasonably calibrated version of the model and thus the results do not change. This is not to say that endogenous separation is irrelevant to local labor market dynamics. Instead, it means that there is no inefficient match in the model economy. See Appendix A-1 for the details.
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stays on her current island (a stayer), is given by b − gx (si ). Flow income of an employed worker is the wage, w. Workers and firms discount their future by the same factor β. Let h denote an individual’s employment status: h = 1 if unemployed and h = 0 if employed. Let µ(h, x) denote the measure of individuals residing on an island. Then, an isR R land’s labor force and employment are, respectively, L = dµ(h, x) and E = dµ(0, x).11



3.2



Production technology



A firm’s production takes place under constant returns and requires two factors: labor and a quasi-fixed factor. The quasi-fixed factor could be thought of as managerial expertise specific to the island’s production. Each period, an employed worker inelastically supplies one unit of labor. The supply of the quasi-fixed factor on each island is fixed in the shortrun. However, in the long-run, its supply changes proportionally to the island’s long-run employment level, E0 .12 Let y(z, x, E, E0 ) be the production function describing perperiod output produced by a firm who employs a worker with location-specific productivity x and operates on an island with the local technology shock z, the current employment level E and the long-run employment level E0 . We make the assumption that all firmworker matches on a given island use the same units of the quasi-fixed factor: ¡ ¢φ y(z, x, E, E0 ) = zx E0 /E



(1)



where 0 < φ < 1. (See Appendix B-1 for the detailed derivation of the production function.) The local technology shocks are uncorrelated across islands and have a common stationary and monotone Markov transition function denoted by G(z 0 |z). By construction, location-specific productivity does not change within a given match. If an employed worker who had productivity x in the last period becomes unemployed in this period, she draws her new productivity, x0 , from Qw (x0 |x). However, for an unemployed worker who stays in the current labor market, productivity evolves according to the transition function Qs (x0 |x). Both Qw (x0 |x) and Qs (x0 |x) are weakly decreasing in x. A newly-arrived worker draws her location-specific productivity, x, from distribution Qm . Given these transition probabilities, the local labor market condition is fully 11 12



Unless otherwise specified, integrations are taken over the whole domain. This assumption guarantees that labor and the non-labor factor remain balanced in the long-run.
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characterized by the combination of the current local technology shock and the measure of individuals: (z, µ(h, x)). Islands are also continuously distributed over different labor market conditions. Let Φ denote the stationary, economy-wide distribution of islands over z and µ. Since there is an infinite number of ex-ante identical islands and the total number of workers is normalized to one, the stationarity of Φ implies that an island’s long-run employment level is quantitatively equal to the average employment level across R the islands: E0 = dµ(0, x)dΦ(z, µ).13



3.3



Wage determination and matching technology



For wage determination, we use competitive search.14 Given the state of an island, (z, µ), a firm decides whether or not to post a vacancy on the island. If it does, the firm decides which productivity level to post vacancies at and what wage-tenure profile to offer. An unemployed worker directs her search towards the most attractive job given her locationspecific productivity level. Given the exogenous separation assumption, the timing of the wage or the wage-tenure profile has no impact on individuals’ job search as long as the expected present discounted value of the wage stream, Y , remains the same. Therefore, for vacant jobs, we put w =



Y . 1−β(1−λ)



Then, the characteristics of a vacant job are fully



summarized by (w, x, z, µ). Suppose that there are nτ unemployed workers who are searching for a job of type τ = (w, x, z, µ). Let search intensity of individual i ∈ {1, 2, ..., nτ } be si,τ . Let the number of such vacant jobs be vτ . Then, the total search intensity directed to all vacant jobs of P τ type τ is given by s˜τ = ni=1 si,τ . For each job type, vacant jobs and unemployed workers are matched according to a matching technology. Specifically, following Pissarides (2000, Ch.5.), we assume that the total number of matches formed for a given job type on a 13



This result along with the production technology in (1) should not be misinterpreted that there exists a positive externality to a local firm’s output from economy-wide employment. To see this, consider an adverse aggregate shock in the economy. Because of the shock, economy-wide employment will decrease whereas the supply of the quasi-fixed factor in a given island will remain constant in the short run. Therefore, it should be made clear that the supply of the quasi-fixed factor is proportional to the island’s long-run employment not to economy-wide employment. 14 Appendix A-2 explains why we choose competitive search over the other alternative, Nash bargaining.
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given island follows the Cobb-Douglas function:15 Nτ = A˜ sητ vτ1−η where 0 < η < 1 and A > 0. Note that A and η are common across all job types and all islands. As in Pissarides (2000), the probability that a vacant job of type τ is filled is PτV =



Nτ vτ



W Pi,τ =



Nτ s . s˜τ i,τ



and the probability that an unemployed worker i ∈ {1, 2, ..., nτ } finds a job is Let qτ = s˜τ /vτ . We refer to qτ as the queue length of a vacant job of type



τ . Further, we introduce the following two functions: α(˜ q ) = A˜ q η and f (˜ q ) = A/˜ q 1−η W where q˜ ∈ (0, +∞). Then, we can write PτV = α(qτ ) and Pi,τ = f (qτ )si,τ . Therefore, the



vacancy filling rate increases with the average search intensity sτ = s˜τ /nτ and decreases with local labor market tightness, defined as the ratio of vacancies to the number of stayers, θτ = vτ /nτ . For notational brevity, we omit the individual index i for the rest of the paper. Let the correspondence W(x, z, µ) denote the set of the wages of the vacant jobs posted at the productivity level x when the market condition is (z, µ). If the labor market condition is bad, then it is possible that no vacancy is posted at lower productivity levels. Thus, in equilibrium, W(x, z, µ) can be an empty set for some (x, z, µ).



3.4



Timing of the events



Each period consists of four stages as shown in Figure 1. At the beginning of each period, some of the old matches are dissolved. At this point, the pool of unemployed workers on a given island is augmented by new workers arriving from the rest of the economy. In the second stage, individuals observe their idiosyncratic shock, x, and the local technology shock, z, is realized along with the measure µ(h, x). In the third stage, some of the unemployed individuals could decide to leave the island to search for a better job opportunity elsewhere. At this stage, production takes place and the unemployed workers who decided to stay in the local market search for a job. In the last stage, as the result of job search and vacancy creation, matches are formed. Note that workers can not change their location more than once in a period. The 15



This is consistent with the fact that empirical studies of sub-national area data do not reject constant returns to scale in the matching functions. See Petrongolo and Pissarides (2001) for the literature survey.
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Figure 1: Timing of the Events
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probability of arriving at a specific island is the same across islands. If the locationspecific productivity shock drawn at the new island is too low to stay on that island, the newly-arrived workers will leave the island. Thus the probability that a mover settles on a specific island is higher for islands with better labor market conditions. At this point, it is important to note that, due to location-specific productivity, some workers are better off by moving from an island with a better labor market condition to an island with a worse condition.16 The main intuition of how the model generates large unemployment differences across local markets and high labor mobility is the following. In making relocation decisions, workers take into account both their location-specific productivity x and the local labor market condition (z, µ). If an agent has better location-specific productivity on the current island than elsewhere, that agent will prefer to stay at the current location, even though the latter has worse (z, µ). Conversely, if an agent has a low location-specific productivity draw on the current island, the agent will choose to leave the current is16 Search across islands is random in the sense that the probability of arriving at a specific island from the initial move is the same across all islands. An alternative is to assume directed search across islands in which workers initially move more to islands with better labor market conditions. Kambourov and Manovskii (2009) argues that assuming random versus directed search across islands is less important when the model period is short like ours. (In our calibration, the model period is one week.) In Appendix A-3, we provide further reasons why it is even less consequential when there is location-specific productivity. We maintain the random search assumption solely for computational reasons, since it reduces the number of state variables required to solve the dynamic programming problem.
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land, even though it has a better overall labor market condition (z, µ).17 Moreover, given the stochastic nature of location-specific shocks, individuals move between different local markets with different market conditions while creating large labor mobility. However, in equilibrium, workers move more to islands with lower unemployment.



3.5 3.5.1



Value functions Workers



Let the expected lifetime utility value of staying on the current island be S(x, z, µ). Let the value of leaving the current island be M . Then, the value of being unemployed is U (x, z, µ) = max {S(x, z, µ), M }.



(2)



Let W (w, x, z, µ) denote the value of being employed by a firm who pays wage w at the productivity level x:



Z



W (w, x, z, µ) = w + β(1 − λ) W (x, w, z 0 , µ0 )G(dz 0 |z) + Z + βλ U (x0 , z 0 , µ0 )Qw (dx0 |x)G(dz 0 |z)}



(3)



subject to the law of motion for the distribution of workers, µ0 = Γ(µ, z). The expected life-time utility value of searching for a job on the current island is given by © S(x, z, µ) = max max {b − gx (sw,x,z,µ ) + w∈W(x,z,µ) sw,x,z,µ Z + βf (qw,x,z,µ )sw,x,z,µ W (w, x, z 0 , µ0 )G(dz 0 |z) + Z ¡ ¢ ª + β 1 − f (qw,x,z,µ )sw,x,z,µ U (x0 , z 0 , µ0 )Qs (dx0 |x)G(dz 0 |z)}



(4)



subject to Γ. Note that a worker takes qτ = s˜τ /vτ as given. Finally, the expected life-time utility value of leaving the current island is given by Z M = b − C + β U (x, z, µ)dQm (x)dΦ(z, µ). 17



(5)



Note that individuals’ productivity differences on a given island are captured only by their locationspecific shocks. It is relatively straightforward to introduce individual-specific permanent effects and schooling levels into the model. One can also make individuals’ productivity grow over time, perhaps by introducing a probabilistic-aging process. See Lkhagvasuren (2009) for such extensions in an otherwise simpler framework. Under these types of extensions, lower productivity would not necessarily mean lower wage or higher mobility. Another point we make here is that allowing for these extensions in a way that would yield empirically plausible life-cycle patterns of income would greatly complicate the analysis without contributing to our objective of understanding the relationship between unemployment and mobility.
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3.5.2



Firms



Let J(w, x, z, µ) denote a firm’s value of a filled job that pays wage w and operates at the productivity level x: Z J(w, x, z, µ) = xz exp(p) − w + β(1 − λ)



J(x, w, z 0 , µ0 )G(dz 0 |z)



(6)



© ¡R ¢ ¡R ¢ª subject to Γ where p = φ ln dµ(0, x) − ln dµ(0, x)dΦ(z, µ) . Let V (x, z, µ) denote the value of posting a vacancy at the productivity level x. V is defined by Z © ª V (x, z, µ) = max max {−kx + βα(qw,x,z,µ ) J(x, w, z 0 , µ0 )G(dz 0 |z)} . w



qw,x,z,µ



(7)



subject to Γ.18 Due to free entry and profit maximization, all rents from vacancy creation are exhausted in the economy: V (x, z, µ) ≤ 0, ∀(x, z, µ).



3.6



(8)



Labor market dynamics



Given the measure of islands, Φ, the economy-wide unemployment rate is given by R u = µ(1, dx)dΦ(z, µ). Let Ω denote the decision rule governing whether an unemployed worker stays on her current island: ½ Ω(x, z, µ) =



1 if S(x, z, µ) ≥ M 0 otherwise



for all (x, z, µ). Then, the total number of movers for each period is given by Z m = (1 − Ω(x, µ, z))µ(1, dx)dΦ(z, µ).



(9)



Given the matching technology, qw,x,z,µ is unique for each job type (w, x, z, µ). Then, using (4), it can be seen that the optimal search intensity sw,x,z,µ is also unique for each job type (w, x, z, µ). Thus, stayers’ and firms’ decision rules can be summarized by functions s(w, x, z, µ) = sw,x,z,µ and q(w, x, z, µ) = qw,x,z,µ where w ∈ W(x, z, µ). Using these results, we can introduce the following functions: v(τ ) = vτ , θ(τ ) = θτ , s˜(τ ) = s˜τ , s(τ ) = sτ for each τ = {w, x, z, µ} such that w ∈ W(x, z, µ). Let us also 18



Note that firms take s˜τ as given. Therefore, maximizing w.r.t qτ = s˜τ /vτ is equivalent to maximizing w.r.t vτ . Analogously, since a firm takes nτ as given, maximizing w.r.t. qτ versus θτ also yields the same result.
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introduce the function n so that n(τ ) = nτ . Then, the total number of stayers searching at the productivity level x in a particular island is given by Z n(w, x, z, µ)dw = Ω(x, z, µ)µ(1, x).



(10)



W(x,z,µ)



The measure µ(h, x) evolves as follows: Z 0 0 (1 − λ)µ(0, dx0 ) + µ (0, X ) = 0 ZX + f (q(x, w, µ, z))s(x, w, µ, z) ×



(11)



x0 ∈X 0 , x∈X , W(x,z,µ) n(x, w, µ, z)dQs (x0 |x)µ(1, dx)dw



× and



Z



Z 0



0



0



0



Zx ∈X



0,



X0



x∈X



+ ×



mdQm (x0 ) +



λQw (dx |x)µ(0, dx) +



µ (1, X ) =



(1 − f (q(x, w, µ, z))s(x, w, µ, z)) ×



(12)



x0 ∈X 0 , x∈X , W(x,z,µ) n(x, w, µ, z)Qs (dx0 |x)µ(1, dx)dw



for all X 0 ⊂ X where X denotes sets of all possible realizations of x. We can now define the equilibrium of the model economy.



3.7



Equilibrium



The equilibrium consists of a set of value functions, {U , S, W , M , V , J}, a set of decision functions {Ω, s, q}, the measures, {µ, m, n, v}, sets of wages W, the total search intensity for each job type, s˜, a law of motion, Γ, and an economy-wide distribution, Φ, such that 1. unemployed: given S and M , the decision rule Ω(x, z, µ) and the value function U (x, z, µ) solve (2); 2. employed: given Γ and U , the value function W (w, x, z, µ) solves (3); 3. stayer: given q, Γ, Φ, U and W , the decision rule s(w, x, z, µ) and the value function S(x, z, µ) solve (4) for each w ∈ W(x, z, µ); 4. mover: given U and Φ, the value function M solves (5); 5. matched firm: given Γ, the value function J(w, x, z, µ) solves (6); 6. vacancy posting: given Γ, J and s˜, the decision rule q(w, x, z, µ) and the value function V (x, z, µ) solve (7) for each w ∈ W(x, z, µ); 22



7. free entry: for any w ∈ R+ , ½ v(w, x, z, µ) > 0 if w ∈ W(x, z, µ), v(w, x, z, µ) = 0 if w ∈ 6 W(x, z, µ) or W(x, z, µ) is an empty set; 8. consistency of s˜: the total search intensity s˜ is consistent with individuals’ behavior: s˜(w, x, z, µ) = n(w, x, z, µ)s(w, x, z, µ) for all w ∈ W(x, z, µ); 9. consistency of Γ: the mobility rate, m, the number of stayers, n, and the law of motion, Γ, are consistent with individuals’ behavior (9), (10), (11) and (12); and 10. consistency of Φ: the economy-wide distribution Φ(z, µ) is consistent with Γ and G: Z 0 0 Φ(Z , M ) = G(dz 0 |z)Φ(z, dµ) 0 Γ(z,µ)∈M z 0 ∈Z 0



for all z and all pair (Z 0 , M 0 ) ⊂ Z × M where Z and M denote sets of all possible realizations of z and µ, respectively.
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Solution



For both expositional and calibration purposes, we solve the model in two main steps. First, we analyze the problems of workers and firms by turning off the local technology shocks. In particular, we consider the case where z = 1 for all islands. In a slight abuse of language, this case is referred to as the homogeneous islands model. The analytical solution of the homogeneous islands model provides valuable guidance for our calibration. Second, we turn back to the local technology shock. The model with local technology shocks is referred to as the benchmark model. The main properties of the stationary equilibrium of the benchmark model are established numerically.



4.1



Functional forms



To increase the tractability of the model, we consider the following two functional forms. For the search cost, we use a power function: gx (s) = ζx + χx s1+γ 23



where ζx and χx are productivity-specific parameters and γ is constant across all productivity levels. Strict increasingness and strict convexity of gx in s requires that γ > 0. We make important further assumptions that the search and vacancy costs are linear in x. Specifically, we choose the parameters of the search and vacancy costs to satisfy the following conditions: χx = χ1 x ζx = ζ1 (x − 1) kx = k1 x where χ1 , ζ1 and k1 are constants.19 These assumptions might reflect the fact that hiring at a higher productivity level is more costly as firms might have to hire even more productive workers to interview a potential applicant or to train a newly-hired worker. Similarly, searching for a job at a higher productivity level is more costly as it may involve a more complicated application process or firm-specific human capital investment. More importantly, these linearity assumptions allows us to solve the homogeneous islands model in a closed form. For the transition functions of the idiosyncratic productivity shock, we adopt the following specification from Andolfatto and Gomme (1996) and Merz (1999). Each period, an individual’s location-specific productivity level x remains unchanged with probability ψ ≤ 1 and changes with probability 1 − ψ. When it changes, new productivity is drawn from the uniform distribution on the interval [1, 1+ω] independently what it was before.20 Let F denote the uniform distribution function. Then, the transition function of the idiosyncratic shock is given by ½ 0



Prob(xt+1 ≤ x|xt = x ) =



(1 − ψ)F (x) if x < x0 ψ + (1 − ψ)F (x) if x ≥ x0



19



This parametric restriction implies that the flow utility of a stayer is given by b + ζ1 − ζ1 x − χ1 xs1+γ . In addition to b, having a constant term ζ1 in the flow utility of the stayer might seem redundant. This is only for a technical reason as it allows us to improve the tractability of the model. Nevertheless, the magnitude of the exogenous component of the search cost, ζx = ζ1 (x − 1), is very small. Given our calibration, ω = 0.14 and ζ1 = −0.0679. Therefore, ζ1 = −0.0679 × (1 − 1) = 0 and ζ1+ω = −0.0679 × (1 − (1 + 0.14)) ' −0.01. 20 One can also consider left-truncated normal or log-normal distributions for F . Assuming such distributions will not reverse the conclusions of the paper.
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for any pair (x, x0 ) ∈ [1, 1 + ω] × [1, 1 + ω] where 0 ≤ ω < ∞. Further, we assume that newly-arrived workers draw their productivity randomly from F , i.e. Qm = F . Given the above specification, the stationary processes Qw and Qs are fully characterized by single parameters ψw and ψs , respectively. We set ψs = 1. This reflects the idea that search within the current location quickly reveals the best available employment opportunity. As the benchmark parametrization, we set ψw = 0 implying that newly-unemployed workers draw their productivity from the same distribution as newly-arrived workers. We show quantitatively that the results are not highly sensitive to the value of ψw .21 We have ψw < ψs to let unemployed workers know more about their next job than about their subsequent jobs. This is a reasonable restriction as the average unemployment duration is much shorter than the average job duration.



4.2



The homogeneous islands model



In this subsection, we study the model analytically by setting z = 1 across all islands. Since there is no local uncertainty, per-period output of a firm is now simply locationspecific productivity of its employee, i.e. y = x. The current state of a worker is completely described by her employment status, h, and the productivity shock, x. Solving for the homogeneous islands model consists of two steps. First, we solve for the local labor market equilibrium by treating the expected return of arriving at a new island as a parameter. This step involves characterizing individuals’ decision on job search and firms’ decision on vacancy posting. Second, given the local labor market equilibrium, we find the mobility decision and the equilibrium expected return of arriving at a new island. 4.2.1



Stayers



Due to the reduction of the state space, the expected return of arriving at a new island R is given by U = max {S(x), M }dF (x). The stayer’s equation (4) is also reduced to ¡ ¢ ª © (13) S(x) = max max{b − gx (sw,x ) + βf (qw,x )sw,x W (w, x) − S(x) + βS(x)} w∈W(x)



sw,x



and the value of being employed with wage w is given by W (w, x) = 21



w + βλU ˜ λ



(14)



In Appendix B-4, we prove that the analytical results of this section also hold when 0 < ψw < 1.
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˜ = 1 − β(1 − λ). where λ 4.2.2



Firms.



Let J(w, x) denote a firm’s value of a filled job that pays per-period wage w and operates ˜ Then, the value of a vacancy at the productivity level x. Clearly, J(w, x) = (x − w)/λ. posted at the productivity level x is given by © x−w ª V (x) = max max{−kx + βα(qw,x ) } . ˜ w qw,x λ



(15)



Due to the free entry condition, for any wage w posted at the productivity level x, kx = βα(qw,x ) 4.2.3



x−w . ˜ λ



(16)



A local labor market equilibrium



Conditional on U , the equilibrium search intensity, s(w, x), and the equilibrium search intensity-vacancy ratio, q(w, x), for any posted wage w must satisfy the following three equations: x = −βλU +



˜ ˜ 0 (s(w, x)) ˜ λb λg λ + x0 + {gx0 (s(w, x))s(w, x) − gx (s(w, x))}, 1 − β βα (q(w, x)) 1 − β



(17)



1 − η gx0 (s(w, x)) q(w, x) x−w = , ˜ η β α(q(w, x)) λ



(18)



η kx = gx0 (s(w, x))q(w, x). 1−η



(19)



and



The derivation of these equations is contained in Appendix B-2. It is not immediately clear that for each x, s(w, x) and q(w, x) are unique. If workers search with less intensity, firms create less jobs. On the contrary, if workers search with more intensity, firms create more jobs. Therefore, there is a possibility of non-uniqueness. However, the following proposition rules out that possibility.



Proposition 1 (Uniqueness). All firms posting a vacancy at the same productivity level choose the same q(w, x) and the same w. It follows that s(w, x) is unique for each x. Proof. See Appendix B-3.
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Since there is a unique wage for each x, any job is fully described by its productivity level x. We denote these productivity-specific unique wages by the function w(x). Similarly, the equilibrium values q(w, x) and s(w, x) can be given respectively by the functions q(x) and s(x). Using these univariate functions, we now find S(x). Analogous to Shimer (2005), we normalize the vacancy-stayer ratio, θ(x), to one for all x. We also normalize search intensity to one. These normalizations are inconsequential since we can always re-scale the parameters so that (17), (18) and (19) are satisfied. Further, if we set ζ1 = −b +



(1 − β)βλU , ˜ λ



(20)



the equilibrium conditions, (17) and (19), will be reduced to the following two equations: ¶ µ ˜ 1 + χ1 ) λ(ζ η 1 ˜ 1 1+ = λk + 1−β βA(1 − η) (1 − β)(1 − η)



(21)



η k1 = χ1 (1 + γ) 1−η



(22)



and



for all x. Given the above normalization, the job finding rate is equal to A for all x. Moreover, (18) can be rewritten w(x) = w1 x where w1 = 1 −



˜ 1 λk . βA



So, the wage is



proportional to productivity. Therefore, the same job-finding rate across productivity levels along with linearity of the search cost in productivity implies that the value of searching for a job in the current local market is also linear in x: S(x) = r1 U + r2 x, ˜ and r2 = where r1 = βλ/λ



˜ −ζ1 −χ1 +βAw1 /λ . 1−β(1−A)



(23)



Clearly, 0 < r1 < 1. When we calibrate the



model we maintain that the search cost is much lower than the wage, i.e. ζ1 + χ1 < w1 . On the other hand,



βA 1−β(1−λ)



'



A λ



'



1−u u



˜ > ζ1 + χ1 and therefore À 1. Therefore βAw1 /λ



r2 > 0. So, higher location-specific productivity means higher life-time utility for stayers (see Figure 2). 4.2.4



Movers across the islands



Using the local labor market equilibrium, we now analyze how the moving cost C affects mobility and unemployment across the islands. Since all islands have the same labor 27



Figure 2: Mobility Decision
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market condition, the value of leaving the current island is given by Z M = b − C + β max {S(x), M }dF (x).



x



(24)



Clearly, if the moving cost is too high, there will be no mobility. Conversely, if the moving cost is too low or even negative, everyone will move. The following proposition establishes the ranges of C where these two extreme cases occur.22



Proposition 2 (Extreme cases). ˜ 2 (1 + ω), everyone in the economy moves each period. Since i. If C ≤ C0 ≡ b − λr everyone moves each period, no one is employed and therefore, the unemployment rate is u = 1 (or u = 100%). ii. If C ≥ C1 ≡ b − r2 + βr2 (1 − λ)(1 + ω2 ), no one moves in the economy; that is, all agents remain in the local labor market and no additional workers arrive next period. The unemployment rate of the economy is u =



λ λ+A



< 1.



Proof. See Appendix B-3. 22



Note that the results of the proposition are conditional on the normalizations, θ(x) = 1 and s(x) = 1 for all x. Therefore, the proposition looks at different economies with different moving costs, but not the same economy with different moving costs.
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If C0 < C < C1 , a certain fraction (but not all) of unemployed workers move between the islands each period. Let x∗ be the productivity level where S(x∗ ) = M . Unemployed workers whose productivity level is less than x∗ leave their current island and those whose productivity level is equal to or higher than x∗ stay on their current islands (see Figure 2). The probability that a newly-unemployed worker leaves her current island is F (x∗ ) =



x∗ −1 . ω



As both newly-unemployed and newly-arrived workers draw their productivity shocks from the same distribution, some of the newly-arrived workers will decide to leave their new location again. Therefore, the number of movers is given by Z m = (λ µ(0, x)dx + m)F (x∗ ).



(25)



[x∗ ;1+ω]



Furthermore, in equilibrium, the flows into and out of employment must equal: Z Z µ(0, x)dx. µ(1, x)dx = λ A



(26)



[x∗ ;1+ω]



[x∗ ;1+ω]



We can now establish the relationships between the key variables of our model.



The equilibrium of the homogeneous islands model. When C0 < C < C1 , the mobility rate of the economy is given by m=



1 1+



( λ1



+ A1 ) 1+ω−x x∗ −1



(27)



∗



and the economy-wide unemployment rate µ ¶ 1 + ω − x∗ u=m 1+ . A(x∗ − 1) where ω+β x = − β ∗



sµ



ω+β β



¶2 − (1 + ω)2 + 2(C + ζ1 )



(28)



ω . βr2



(29)



The derivation of these equations is contained in online Appendix B-6.23 4.2.5



The impact of moving costs: analytical results



Using the analytical results above, we can now analyze the effect of moving cost on unemployment and mobility. Clearly, a decrease in the moving cost, C, raises x∗ and therefore 23



(29) implies that x∗ = 1 when ω = 0 or C ≥ C1 . Then, it follows that (27) becomes m = 0 and (28) converts into the well-known equation of a one-sector model u = λ/(λ + A) where A is the job finding rate and λ is the separation rate. This shows that the special case of our model is a simple one-sector model.
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raises the probability that a newly-unemployed worker leaves her island, F (x∗ ). However, this does not mean that overall mobility and unemployment will increase. The reason is that workers’ search intensity and firms’ vacancy posting will also respond to changes in C. For example, if employment is reduced due to a decrease in C, the total number of movers might even go down despite the increase in F (x∗ ). The following three statements summarize the impact of moving cost on within-market job search.



Proposition 3 (Search effect). A decrease in moving cost raises both search intensity s(x) and the search intensity-vacancy ratio q(x) for all x and therefore raises the job finding rate for all stayers. Proof. A decrease in C raises M and hence raises U . Combining (19) and (17) and using the strict convexity of gx , it can be seen that the increase in U raises search intensity, s(x). Then, given (19), the increase in search intensity lowers q(x). Therefore, when C decreases, the job finding rate PxW = As(x)/(q(x))1−η increases. Corollary 1 (Vacancy). A decrease in moving cost C raises the number of vacancies per stayer θ(x) =



v(x) . n(x)



Proof. Recall that



v(x) n(x)



=



s(x) q(x)



and use Proposition 3.



Corollary 2 (Wage). A decrease in moving cost C lowers wage w(x) for all x. Proof. Using Proposition 3, the job filling rate α(q(x)) = A(q(x))η decreases with C. Then, using the free entry condition (16), it follows that productivity-specific wage w(x) decreases with C for all x. Using these results,24 we now summarize the marginal effect of C on equilibrium quantities. To simplify the analysis, we refer to (27), (28) and (29) by re-interpreting the parameter A as the job-finding rate, P W . The mobility rate near the initial equilibrium 24 In Section 6, using a much simpler version of the model, we show that variable search intensity is not essential for these results. Also note that the analytical results we have obtained so far require search cost to be only strictly increasing and strictly convex in search intensity. Therefore, these results can also be extended to a broad range of specifications of search cost.
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can be written as m=



1 1+



( λ1



+



1 )( x∗ω−1 PW



− 1)



.



(30)



Using (27), (28), (29) and Proposition 3, we know that a decrease in moving cost raises both x∗ and P W . Therefore, from (30), it is seen that a decrease in moving cost raises mobility. Analogously, the effect of moving cost on unemployment can be studied using the following equation:



µ ¶ ¢ 1 ¡ ω u=m 1+ W ∗ −1 . P x −1



(31)



We already know that a decrease in C raises m. However, a decrease in C raises P W and x∗ . Therefore, it is impossible to determine analytically the total effect of moving cost on aggregate unemployment, u. We evaluate this effect quantitatively in the next section after calibrating the model using U.S. data.



4.3



The benchmark model



Now, we re-introduce the local technology shocks to the multi-sector model and solve the model numerically. Specifically, we assume that G(z 0 |z) is given by z 0 = (1 − %)z + %z + σ² ² where ² is an iid standard normal shock, |%| < 1, σ² > 0 and z = 1. The unconditional variance of the local technology shock is given by σz2 = σ²2 /(1 − %2 ). 4.3.1



Computation



Due to the key features of our model, its solution requires highly-intensive computation. Within each local labor market, both the total number of workers and the distribution of workers (over employment status h and location-specific productivity x) evolve endogenously. Therefore, we need to keep track of the evolution of the measure µ. To complicate matters, the islands are also continuously distributed over different market conditions. The information of this distribution is also necessary for solving the problems of workers and firms. Specifically, solving for the equilibrium involves the following two interrelated tasks: 31



i. finding decisions of workers and firms conditional on the local labor market condition (z, µ), the law of motion Γ, and the stationary distribution of the islands Φ; and ii. finding the law of motion Γ, and the stationary distribution Φ, that are consistent with workers’ and firms’ behavior. Since both µ and Φ are infinite dimensional objects, it is impossible to solve the model as it is. We use the approximate aggregation method of Krusell and Smith (1998), by extending its application to a decentralized multi-sector setting. The stationary distribution Φ affects the model economy through the value of leaving the current island, M , and the mobility rate, m. Thus, first, we solve the model conditional on these two values. For Γ, we assume that firms and workers perceive that next period’s employment and local labor force are given by a function of the current period’s employment and local labor force, and the current technology shock. We refer to this function as the perceived law of motion. Given the perceived law of motion, we compute the equilibrium and simulate the behavior of a continuum of workers across a large number of islands. We iterate on the perceived law of motion until we obtain convergence on M and m. We show in Appendix A-4 that the implied time series for E and L are almost perfectly consistent with the perceived law of motion. So, the aggregate approximation method works very well for the model in the sense that forecasting errors that result from omission of the other moments of the measure µ are extremely small. The computational details along with the numerical algorithm are contained in Appendix B-7. 4.3.2



Calibration and Results



Given the computational dimension required for the model’s solution, we pre-specify as many parameters as possible before we actually do the simulation. For this purpose, the entire set of the structural parameters is divided into three groups. The parameters in the first group are pre-specified using prior studies and data. Those in the second group are chosen by using normalizations and analytical relationships, conditional on the rest of the parameters. The rest of the parameters are chosen specifically for the purpose of matching certain data moments between the U.S. economy and the simulated economy.
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Using prior studies and data. The length of the time period is a quarter of a month, which we refer to as a week, so, all the parameters are calibrated at the frequency of one week. Although this short period length is not necessary for the benchmark model, it allows us to compare the results of the benchmark model with those of the numerical experiments that require a shorter period without re-calibrating the model. The discount factor β is set to 1/1.051/48 , a value which is consistent with an annual interest rate of 5%. We set the separation rate to the one in Shimer (2005), normalizing it for a weekly frequency: λ=



0.1 12



= 0.0083.



To the best of our knowledge, there is no study which estimates a matching function with variable search intensity. However, the estimates of the matching functions with fixed search intensity differ in the literature. We set η to 0.2. This is slightly lower than the estimates in a survey by Petrongolo and Pissarides (2001), but comparable to 0.23, an estimate by Hall (2005). We set weekly autocorrelation of the local shock, %, to 0.9892, which is consistent with the quarterly autocorrelation estimated by Shimer (2005), i.e. 0.8781/12 = 0.9892. This assumes that the average duration of the local labor market business cycle is comparable with the aggregate business cycle duration. Nevertheless, this value works well in the sense that autocorrelation of monthly relative unemployment for the average U.S. state is remarkably close to that of monthly local unemployment in the model economy.



Using normalizations and analytical relationships. As mentioned before, given the rest of the parameter values, we choose ζ1 according to (20). This is for computational reasons since, as discussed earlier, it makes the value functions have less curvature along x. We have obtained (21) and (22) under the normalization that search intensity and vacancystayer ratio are 1 for each productivity level. Since, in the benchmark model, we also choose to target mean search intensity and mean vacancy-stayer ratio of 1, we choose b and k1 according to (21) and (22). Since this is a normalization, it does not affect the rate at which workers find jobs. Moreover, (22) is derived from (19) which also holds in the benchmark model.25 25



See Eq. (57) in Appendix B-7.
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Since ζ1 is a small number, the average search cost is approximately χ1 . We set χ1 = 0.2582 so that on average the search cost is approximately one quarter of b. The reason is as follows. Suppose that b represents entirely the imputed value of leisure. Then a stayer’s net income during unemployment, b − gx (s), can be interpreted as the imputed value of total hours net of the hours of search. Assume that the total number of hours available per week is 40 hours (=5 days/week×8 hours/day). Then, given that b = 0.9352, the number of hours that an unemployed worker spends on job search is 40× χb1 ' 11 hours per week. This means that an unemployed worker spends approximately 2.2 hours per day on job search. Alternatively, suppose that b represents the sum of the imputed value of leisure and unemployment insurance benefits. In the model, the average wage is 0.997. Therefore, given the 29% replacement ratio (see Nickell et al., 2005). the total imputed value of leisure is b − 0.29. Then, the number of hours an unemployed person spends on χ1 ' 3 hours per day. These implied numbers of hours job search is approximately 8 × b−0.29



are comparable to 2.53 hours reported by the BLS using its 2008 American Time Use Survey as the average number of hours spent per day for a job search and interviewing activity by those who engaged in the activity (see Table A-1 at http://www.bls.gov/ tus/tables/a1_2008.pdf). In data, mobility and unemployment are 0.029 and 0.057, respectively. When z = 1 for all islands, mobility and unemployment are given by (27) and (28). However, once the local technology shocks are introduced, mobility and unemployment become much higher than those predicted by the two equations. Therefore, given the other parameters, we choose A and C so that the two equations predict mobility and unemployment lower than what we target. After experimenting with different combinations, we insert 0.026 and 0.053 into the left hand sides of (27) and (28), respectively.26 This gives us A = 0.1489 26



Note that mobility and unemployment we obtained in the benchmark model are much higher than what we insert into the two equations, i.e. 0.026 < 0.031 and 0.053 < 0.058. Therefore, it should be made clear that we do not choose A and C by inserting targeted mobility and unemployment into (27) and (28). Instead, we use these two equations to obtain reasonable initial guesses on the two parameters.
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and C = 5.8633.27 The moving cost is approximately six weeks’ labor income.



Targeting moments. Both prior studies and our analytical results can offer only limited guidance for calibrating the rest of the parameters which are specific to a multi-sector structural model like ours. In the current model, there are four such parameters: 1. σz , volatility of the local technology shock, 2. ω, volatility of location-specific productivity, 3. φ, the elasticity of the output with respect to the quasi-fixed factor, and 4. γ, the search cost parameter. The values of these four parameters were chosen specifically for the purpose of matching the following volatility measures: i. σl , the medium term volatility of the labor force across states, ii. CV0 , cross-sectional volatility in unemployment, iii. σm , net mobility, and iv. σy , volatility of the local labor productivity. The first three of these four moments were estimated in Section 2. To measure the fourth, volatility of labor productivity, we use the ratio of private non-farm gross state product to employment as in Ciccone and Hall (1996) and Bauer and Lee (2005). We find that for the average U.S. state, the cyclical variation of local labor productivity around its state-specific HP trend is σ ˆy =0.012. Appendix A-5 provides details of how we measure this moment both in data and in the model. We measure the other three moments of the model economy, (CV0 , σl , σm ), the way we did in Section 2. In particular, to measure CV0 and σm for the model economy, we construct annual frequency unemployment and mobility series from the model economy. To measure σl , we convert the model economy’s 27



As mentioned earlier, some of the interstate moves could be solely due to non-economic forces. Therefore, targeting the observed mobility rate creates a valid concern that our model does not allow for these margins. However, it is relatively straightforward to address this concern, at least theoretically. One way would be to introduce idiosyncratic shocks into moving cost as it means the strength of the local attachment differs across agents and evolves stochastically. An earlier version of the paper considered this extension (see Lkhagvasuren, 2007). Another way would be to simply add location-specific preference shocks into agents’ flow utility. As long as these shocks are exogenous, the main results of the paper hold under both extensions.
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Parameter β λ η %



Table 4: Benchmark Parametrization Value Description Using Data and Prior Studies 1/1.051/48 time discount factor 0.0083 separation rate 0.20 elasticity of the matching technology 0.8781/12 persistence of the local shock z



Using Normalizations and Analytical Results b 0.9352 leisure ζ1 −0.0679 intercept of the search cost k1 1.1569 vacancy cost χ1 0.2582 the coefficient of the search cost A 0.1489 efficiency of the matching technology C 5.8633 the moving cost φ γ σz ω



0.30 0.12 0.022 0.14



Targeting Moments local technology the convexity of the search cost std.dev. of the local shock z volatility of the idiosyncratic shock



weekly local labor force into monthly data and apply the same HP filter as we did in Section 2. Since the solution of the model is computationally intensive, we perform a coarse-grid search over wide ranges of values of these four parameters. Certain restrictions can be made regarding the range of values. For example, if ω is much lower than σz , net mobility will be much higher. Also given that there is positive selection along x and that φ > 0, volatility of the local technology shock, σz , must be higher than σ ˆy = 0.012. However, if it is too high, then volatility of the local labor force, σl , will increase. After performing the coarse-grid search, we choose φ = 0.3, ω = 0.14, γ = 0.12 and σz = 0.022. The baseline values of the parameters are summarized in Table 4. With these parameter values, the model is able to replicate the observed features of data closely; the results are reported in Table 5. To examine sensitivity of the results to the third group of parameters, we simulate the model under a set of alternative specifications. However, due to space limitations,
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Table 5: Benchmark Model Moments Model



u CV0 σl m σm σy corr(u, u0 ) w CV(w) v CV(v) s CV(s)



Data



Description



Matched Moments 0.058 0.057 Aggregate Unemployment 0.26 0.24 Local Unemployment Differences 0.0072 0.0072 Labor Force Volatility 0.031 0.029 Gross Mobility 0.011 0.010 Relative Net Mobility 0.011 0.012 Volatility of Local Productivity ∗∗ 0.982 0.984 Autocorrelation of Local Unemployment ∗



0.997 0.002 0.053 0.075 0.992 0.261



Other Moments Average Wage Average Wage Differences Local Vacancy Local Vacancy Differences Average Search Intensity Average Search Intensity Differences



∗



The average of monthly aggregate unemployment in the U.S., 1951 - 2003 (Shimer, 2005). ∗∗ This is the cross-state mean of the autocorrelation coefficients of relative monthly state unemployment (ri,t = ui,t /ut ) for Jan 1976 - Feb 2009. The cross-sectional standard deviation of the autocorrelation coefficient is 0.011.



CV0 σl σm σy b



Table 6: Sensitivity of the Results (η = 0.2) ψw = 0 ψw = 0 ψw = 0.3 γ = 0.12 γ = 0.08 γ = 0.16 γ = 0.12 φ = 0.1 φ = 0.3 φ = 0.5 φ = 0.3 φ = 0.3 φ = 0.3 1.48 1.00 0.79 1.30 0.80 0.83 1.58 1.00 0.72 0.86 1.07 0.87 1.63 1.00 0.72 0.87 1.02 0.87 1.34 1.00 0.82 0.89 1.05 1.13 0.935 0.935 0.935 0.945 0.926 0.889



ψw = 0.5 γ = 0.12 φ = 0.3 0.67 0.87 0.82 1.20 0.834



Note.– The results are reported as the ratio of the estimates obtained under each specification to those obtained under the benchmark parametrization. For example, when we reduce φ from its benchmark value 0.3 to 0.1, the cross-sectional differences in unemployment increase by 48%, i.e. 1.48 − 1 = 0.48.
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CV0 σl σm σy b



Table 7: Predictions of the Model When η = 0.3 ψw = 0 ψw = 0 ψw = 0.3 γ = 0.12 γ = 0.08 γ = 0.16 γ = 0.12 φ = 0.1 φ = 0.3 φ = 0.5 φ = 0.3 φ = 0.3 φ = 0.3 1.43 0.97 0.76 1.25 0.79 0.81 1.60 0.98 0.72 0.83 1.05 0.88 1.59 0.94 0.68 0.80 1.00 0.84 1.31 0.98 0.80 0.85 1.06 1.11 0.966 0.966 0.966 0.976 0.957 0.930



ψw = 0.5 γ = 0.12 φ = 0.3 0.66 0.83 0.79 1.21 0.887



Note.– The results are reported as the ratio of the estimates obtained under each specification to those obtained under the benchmark parametrization.



we do not report how the model responds to changes in σz as it can easily be learned by comparing the predictions of the benchmark model to those of the homogeneous islands model. We also do not report sensitivity of the results to ω as one can always re-scale z and σz to obtain the same results as the benchmark economy. Therefore, we focus on φ and γ. At the same time, we relax our earlier assumption on the persistence parameter ψw . Table 6 displays sensitivity of the results to these three parameters. The results of these experiments indicate that the targeted moments exhibit a monotonic, gradual response to changes in these parameters. We also study how the results respond to the elasticity of the matching function, η. Table 7 summarizes the results of the re-calibration while setting η = 0.3. The targeted moments are not very sensitive to η in the sense that the model is still able to generate big differences in unemployment and high labor mobility. As mentioned earlier, the parameter b is chosen conditionally on the rest of the parameters. Therefore, changes in the parameters, η, ψw and γ, affect the parameter b. As we see from Tables 6 and 7, an increase in η raises b. This is why we chose a lower value for η in our benchmark calibration since it allows b to remain below one.



5



Impact of Moving Cost



Using the model, we now conduct a set of numerical experiments which analyze the impact of moving cost on both aggregate and local unemployment.
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5.1



The impact of moving cost on unemployment



In the previous section, we have discussed about two important effects of lower moving costs. First, a reduction in moving cost raises mobility and therefore puts an upward pressure on unemployment. We have also shown that lower moving costs raise the value of a new job to a worker. In response, firms post lower wages while raising the number of vacancies per each stayer. Therefore, a reduction in the moving cost raises the jobfinding rate of stayers and puts a downward pressure on aggregate unemployment. As discussed in the introduction, we refer to these two opposing effects as the mobility and search effects, respectively. The both effects are present in the model, regardless of local uncertainty. However, in the presence of local uncertainty, an important arbitrage effect arises due to the decreasing returns to scale of local production. Lower moving costs make the labor force more mobile and, therefore, the local labor market less vulnerable to adverse technology shocks. If an economy is hit by a bad shock, with lower moving costs, some of its residents move out while raising the average output of workers who stay behind which in turn puts a downward pressure on unemployment. It is straightforward to see that the search and arbitrage effects are absent in the sectoral reallocation model of Lucas and Prescott.28 Therefore, their model predicts that raising moving cost reduces unemployment (See page 205 of Lucas and Prescott, 1974.). Using our model, we now quantitatively evaluate the impact of moving cost on unemployment. We consider both cases: with and without local uncertainty. In each case, we simulate the model with the benchmark parametrization, but with different moving costs. The results are shown in Figure 3. First of all, we see that local uncertainty raises unemployment. Second, as expected, a reduction in the moving cost reduces crosssectional differences in unemployment. A third striking feature of the economy is that aggregate unemployment is a U-shaped function of moving cost: a decrease in the moving cost initially reduces unemployment and once the moving cost is already low, a further decrease in the moving cost raises unemployment. As mentioned before, if there is no local uncertainty there will be no arbitrage effect. Therefore, the similarity of the two U 28



It should be noted that here we talk about the arbitrage effect of mobility on unemployment, but not the arbitrage effect on wage.
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shapes in the upper left panel of Figure 3 indicates that the search and mobility effects are primarily responsible for the U shapes. When the moving cost is high, the search effect dominates the mobility effect. But, when the moving cost is already small, the negative mobility effect dominates the other two positive effects. As the moving cost approaches zero, our model becomes closer to the Lucas-Prescott’s model in the sense that there is less variation in location-specific productivity among employed workers. The similarity of the two U-shapes poses an important question. If the model with local uncertainty generates roughly the same aggregate results as the model without local uncertainty, why go to all the trouble to model local labor market disturbances? There are at least three reasonable conjectures to offer in response to this question. First, the presence of local uncertainty allows us to estimate some of the key parameters of the model using cross-sectional differences in unemployment as well as net mobility. The second response concerns optimal policy. The model with local disturbances not only helps us measure the effect of government policy on aggregate unemployment and welfare, but it also allows us to evaluate the impact of policy on differences in employment opportunities across regions. Third, the interaction between local uncertainty and heterogeneity in mobility has important implications for unemployment. As we discuss at the end of this section, the labor force share of more mobile workers have a positive impact on employment of less mobile workers.



5.2



Discussion of the impact of moving cost



In order for a reduction in moving cost to raise unemployment, mobility effect has to dominate the other two effects. This happens only when the moving cost is less than one-fifth of its benchmark value (see the upper left panel of Figure 3). At the same time, labor mobility has to exceed 20% which is extremely high given the fact that each year only 6% of the labor force move between more than 3000 counties or county equivalents in the U.S.29 Therefore, over a wide range of moving costs that are of both empirical and policy relevance, a marginal reduction in moving cost lowers aggregate unemployment. Using this result, we now discuss how unemployment relates to variables that affect 29



County level mobility is obtained from CPS, 1981-2009. Although CPS records whether a person moved between different counties, it does not provide county identifiers.
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Figure 3: The Impact of Moving Cost
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The solid curves plot the results of the benchmark model (the model with an island technology shock) whereas the dashed curves show the results of the homogeneous islands model (the model without an island technology shock). C B denotes the benchmark value of the moving cost.
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individuals’ mobility by referring to previous empirical studies. It is important to keep in mind that we calibrated our model using state level data. On the other hand, the variables we discuss below may not be directly related to inter-state mobility. The predicted relations can nevertheless be thought of as new refutable hypotheses, stimulating future empirical research.



City size and unemployment. Coles and Smith (1996) find that denser markets have a higher matching rate for given levels of vacancies and unemployment. They also find that wages are positively correlated with city size. They argue that these facts are in line with increasing returns to scale in the underlying matching technology. Although increasing returns to scale could be a convenient modelling shortcut for denser markets, we argue that the same effects can be obtained using constant returns to scale in the underlying matching technology. Our argument goes as follows. A large city can be thought of as a set of small labor markets that are close or adjacent to each other. Conversely, a small city which is not a part of a large city can be thought of as a labor market that is far from other markets. Then, moving between labor markets is less costly for workers in larger cities than for those in smaller cities. Thus, our model predicts that, due to their lower moving costs, workers in larger cities have lower unemployment and higher wages than those in smaller cities. Also, the matching rate will be higher due to the search effect. Therefore, higher matching rates and higher wages observed in denser areas do not necessarily imply increasing returns to scale in the underlying matching function.



Homeownership and unemployment. There is a growing literature that studies the relationship between homeownership and unemployment. Oswald (1999) suggests that homeownership might be the main reason for the differentials in unemployment rates of European countries. Using macro data, he finds that countries with a ten percentage point higher homeownership rate have a two percentage point higher unemployment rate. However, a number of recent micro studies30 that look at the impact of homeownership on individuals’ labor income and employment tend to reject Oswald’s hypothesis. We argue 30



See, for example, Coulson and Fischer (2009) and Munch et al. (2006).
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that these seemingly opposing findings are not inconsistent with each other. It is interesting to notice that all the micro studies that look at the impact of homeownership focus solely on the direct impact of a home on the owner herself by comparing labor market experiences of homeowners with those of renters. Thus, these micro studies measure the effect of housing tenure at the individual level, but not the impact of the economy-wide homeownership rate at the aggregate level. The results of our experiments suggest that the missing link between the opposing findings in macro versus micro data is the equilibrium effect of the moving cost. If a high homeownership level of an area lowers workers’ ability to enter the area to find a job, then we can think of an increase in homeownership as an overall increase in the moving cost for both homeowners and renters. Therefore, our model generates a positive relationship between the homeownership rate and aggregate unemployment and yet still permits differences between homeowners and renters as found in micro data.



Youth share and unemployment. Using U.S. data, Shimer (2001) finds that an increase in the youth share reduces unemployment of both young and older workers. Skans (2005) also finds a positive labor market effect from large young cohorts in the Swedish data. Shimer (2001) explains the positive impact of youth by assuming that there is no inherent difference between young and older workers. Our multi-sector model offers an alternative explanation for the phenomenon while allowing for differences between age groups. We have shown that a reduction in moving cost increases mobility and lowers volatility of local employment. This makes per-period output, y, less volatile. On the other hand, we saw that local uncertainty increases aggregate unemployment. Therefore, using these two results, it follows that an increase in the share of a more mobile, younger labor force that better arbitrages differences between different labor markets will reduce unemployment for all workers.31 31 See Greenwood (1997) for how geographic mobility differs by age. Topel (1986) and Lkhagvasuren (2008) study how these differences affect earnings of different age groups.
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6



Welfare



The above experiments show that subsidizing the moving cost can have a positive impact not only on local unemployment, but also on aggregate unemployment. However, is the policy welfare-improving once we take into account the government expenditures needed to finance the policy? We answer this question quantitatively. To obtain an estimate of the plausible magnitude of the subsidy, we refer to the current U.S. Income Tax code. According to the current Federal Income Tax code, individuals can deduct their moving expenses from their tax return if the move is closely related to the start of work, given that certain distance and time tests are met. The deductible moving expenses are those related to household goods and personal effects (including in-transit storage expenses), and traveling (including lodging but not meals) to a new home (see Internal Revenue Services of the U.S. Department of Treasury, 2008). Given that unemployment is largely generated by individuals who are in the lower range of the income distribution, we assume a 15% marginal tax rate and set the subsidy rate ς = 0.15. As an alternative, we also consider a 20% subsidy level. In particular, we simulate the benchmark model with the subsidized moving cost by financing the policy with lump-sum taxes on workers. Since free entry implies that firms make zero profit, we measure the economy’s welfare using the aggregate utility as in Coles and Masters (2006): Z Υ = Ω(x, µ, z)S(x, z, µ)dµ(1, x)dΦ(z, µ) + mM + Z + W (w, x, z, µ)dν(w, x|z, µ)dΦ(z, µ) − T where ν is the measure of employed workers and T denotes the present discounted value of the lump-sum tax, i.e. T = mςC B /(1 − β).



6.1



Results



The results are summarized in the second column of Table 8. With lower moving cost, individuals are twice as mobile as before. Net mobility, σm , also increases. The subsidized moving cost also raises both search intensity and the vacancy-stayer ratio. As a result, aggregate unemployment decreases by three percentage points. The effect on regional
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unemployment is even higher: cross-sectional differences in unemployment decrease by five percentage points.



Model ς uN /uI I CVN 0 /CV0 N I m /m N I σm /σm sN /sI N I θ /θ ΥN /ΥI



Table 8: Impact of Subsidizing Moving Cost Benchmark Economy Without Local Shocks 15% 20% 50% 15% 20% 50% Description 0.974 0.967 0.892 0.950 0.932 0.765 1.959 2.301 4.624 1.078 1.105 1.409 1.033 1.043 1.165 1.036 1.048 1.185 1.0004 1.0003 0.9958



0.985 1.891 1.027 1.030 1.0011



0.976 2.226 1.041 1.046 1.0012



0.898 4.585 1.190 1.215 0.9983



unemployment unemp. diff. mobility net mobility search intensity market tightness welfare



Notes.– The superscript N denotes values associated with the numerical experiments with subsidized moving cost, whereas I denotes values in the initial economy. The most dramatic changes occur in individual mobility.



The important finding from these experiments is that subsidizing the moving cost reduces unemployment while improving welfare. Although these results have important policy implications, it would be misleading to suggest that we can always increase welfare by subsidizing the moving cost. For example, when the moving cost is subsidized at the 50% level, i.e. ς = 0.5, welfare decreases despite the fact that unemployment is reduced (see Table 8). Given these important findings, a natural question is whether the welfare results are sensitive to some of the key elements of the model. To address this issue, we evaluate the policy using different versions of the model. First, we repeat the above experiment for the homogeneous islands model. The results are shown in the right panel of Table 8. They are very similar to what we found for the benchmark model and suggest that the shape of the production function of the benchmark model is not essential for our findings. It also implies that most of the welfare impact of moving cost realizes even in the absence of net mobility. Another key element in the model is endogenous search intensity. To examine whether matching with variable search intensity is essential to our key findings concerning the impact of subsidized moving cost, we make a further simplification that search intensity is 45



fixed. Specifically, we set s = 1 and g(1) = 0 for all stayers and z = 1 for all islands. To make the points clearer, we consider only two productivity levels as opposed to continuous productivity in the benchmark model. Therefore, the model helps us identify the impact of moving cost in a much simpler setting. The solution of this simple model also effectively addresses the issue whether our results are sensitive to the numerical approximation methods used for the benchmark and homogeneous islands models. In the next subsection, we show that subsidizing moving cost can be welfare-enhancing even in this much simplified version of the model.



6.2



Welfare analysis of a simple economy



Let the two productivity levels be xL and xH , where xL < xH . Newly-unemployed and newly-arrived workers draw xH and xL with the probabilities ϕ and 1 − ϕ, respectively. As before, for stayers and employed workers, the idiosyncratic shocks do not change. For any job type τ = {xj , w} where j ∈ {H, L}, the matches are formed according to the matching technology Nτ = Anτ η vτ1−η . Let qτ = nτ /vτ . Let Sj is the value of searching at the productivity level xj , j ∈ {L, H}, and let M be the utility value of leaving the current island. Let Uj is the value of being unemployed at xj , i.e. Uj = max {Sj , M }.



(32)



Let U = ϕUH + (1 − ϕ)UL . Then, Sj = max



© ¡ ¢ ª b + βf (qxj ,w )Wj (w) + β 1 − f (qxj ,w ) Sj



w∈W(xj )



(33)



where Wj (w) denotes the value of being employed at the productivity level xj : ˜ Wj (w) = (w + βλU )/λ.



(34)



The value of leaving the current island is M = b − C + βU .



(35)



The value of a filled job that pays wage w and operates at the productivity level xj is ˜ Also, let Vj denote the value of a vacancy posted at the productivity Jj (w) = (xj − w)/λ. 46



level xj , i.e. Vj = max {−kj + βα(qxj ,w ) w,qxj ,w



xj − w }. ˜ λ



(36)



As before, we maintain that SL < SH . Then, there will be two types of equilibria: the one where no one moves and the one where only those who have low productivity shocks move. Therefore, we solve the model under the assumptions that M ≤ SL and that M > SL . Let (i) and (ii) denote these two assumptions, respectively. Once we solve the model under these two alternatives, we determine which one is the equilibrium outcome. It should be noted that the restriction (i) is equivalent to setting C = ∞. We consider two levels of subsidy, 15% and 50%. Let (iii) and (iv) denote these two economies, respectively. The analytical solution of this simple model is provided in Appendix B-8. For the purpose of the quantitative analysis, the parameters β, λ, η, b, A and C are set to their benchmark values. The other parameters are set to the following values: ϕ = 0.8, xL = 1, xH = 1.07, kL = 0.3448 and kH = 0.3742.32 The results are shown in Table 9. We make the following conjectures. (i)



1. Mobility decision. Comparing the columns (i) and (ii), we find that SL > M (ii) . This means that in the initial economy (or when there is no subsidy, i.e. ς = 0), no one moves. (i)



(i)



(i)



(i)



2. Mobility effect. We have SL < M (iii) < SH and SL < M (iv) < SH . This means that for both subsidy levels, individuals who draw the lower idiosyncratic productivity level move and those who have the higher productivity level stay. Therefore, matches are formed only at the productivity level xH . Since the policy induces mobility, it puts upward pressure on unemployment. 3. Search effect. Lower moving costs raise the value of new jobs WH by raising U , (i)



(iii)



i.e. WH < WH



(iv)



< WH



and U



(i)



< U



(iii)



< U



(iv)



. Firms respond to this by (i)



(iii)



lowering their wage and post more vacancies per stayer, i.e. wH > wH (i)



(iii)



and 1/qH < 1/qH



(iv)



> wH



(iv)



< 1/qH .



32



Given the other parameters, we choose the values of kL and kH to have qL = qH = 1 at the initial equilibrium.
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4. Unemployment. The impact on unemployment depends on which of the two effects, the search and mobility effects, dominates. It shows that the mobility effect dominates when ς = 0.15. However, as ς increases and approaches to 0.5, the search effect becomes stronger and unemployment decreases. 5. Welfare. The total utility values calculated using these equations are shown in the last row of Table 9. The results indicate that moving cost subsidies can improve welfare, even when there is no variable search intensity. Furthermore, we observe that Υ(iii) > Υ(iv) . This means that although moving cost subsidies can improve welfare, a higher subsidy level does not necessarily mean higher welfare.



Table 9: Welfare Analysis of the Simple Economy Economy ς CN



(i)



(ii)



(iii)



Details of the economy 0 0 0.15 B ∞ C 0.85C B



(iv) 0.5 0.5C B



Results qL qH wL wH M SL SH U WL WH u m × 103 T Υ



1 1 0.9784 1.0465



1.0033



0.9852



0.9452



1.0466 1004.7



1.0465 1007.5



1.0463 1014.0



1012.2 1010.7



1013.8 1012.6



1017.8 1017.0



1012.8 0.0550 1.9688



1014.5 0.0543 1.9703



1018.4 0.0527 1.9736



Welfare impact 1.7056 1011.60 1012.72



5.6952 1012.70



1005.2 1012.5 1011.0 1005.8 1013.1 0.0530 0



Notes.– The life time utilities other than the aggregate utility Υ are in their before-tax values. m measures the mobility rate per unit period, not the total number of movers over over 48 consecutive periods as in the benchmark model.
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6.3



Discussion of the welfare analysis



Rogerson, Shimer and Wright (2005) emphasize that models with a combination of wage posting and directed search, also known as competitive search models, generate efficiency under quite general assumptions. Since we also use the same wage setting mechanism, our welfare result that moving cost subsidies are welfare-enhancing is in sharp contrast to the literature. Our findings also differ from the literature that studies the efficiency of search equilibria with ex ante investment. In order to draw a better productivity shock, workers move to another labor market, thereby incurring a moving cost. Therefore, one can think of the above simple multi-sector economy as a one sector economy in which agents make an ex-ante investment to draw from a better productivity distribution. However, Acemoglu and Shimer (1999) show that the competitive search equilibrium with ex ante investment is efficient. For the remainder of this section, we explain why our results differ from those in the literature. We observe from (34) that the value of a new job for a worker consists of two components: the wage w and the value of being separated from the new employer, U . Given that the latter increases as C decreases, a lower moving cost incurred during future moves make a current new job more attractive. In other words, a decrease in C raises the value of a new job, W = (w + βλU )/(1 − β(1 − λ)), by raising the continuation value upon separation, U . Firms respond to this by posting lower wage which in turn increases vacancy creation. Therefore, there is a positive externality to current employment from individuals’ future mobility. To make the point clearer, let us consider two points in time, t1 and t2 , such that t1 < t2 − 1. Suppose that the government announces at t1 that it will subsidize individuals’ moving cost starting from t2 . This will increase the value of being separated from the current employer, U , for the matches formed after t1 . Firms respond to this by posting lower wage which in turn increases the number of vacancies per stayer. As a result, employment increases even for the period between t1 and t2 . In addition, mobility also increases during the period and thus productivity of matches formed during the period also increases. Thus, a policy that improves productivity of future jobs also has a positive impact on the current matches. Finally, it should be noted that in Acemoglu and 49



Shimer (1999), firms make ex-ante investments and die once the matches are exogenously destroyed. Therefore, in their model, there is no feedback effect to the current matches from future investments.
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Cyclicality of Mobility



So far, we have studied how mobility affects aggregate and local labor markets. Now, we reverse the question, asking how mobility responds to shifts in the labor market. In particular, we study the impact of an aggregate productivity shock on mobility and examine whether our model’s prediction is consistent with data. Although, there are no aggregate dynamics in our model,33 a certain insight can still be gained into the impact of an aggregate shock, both analytically and quantitatively. An increase in z is equivalent to a simultaneous increase in all productivity levels. Then, Proposition 3 implies that search intensity and hence the vacancy-stayer ratio will increase. Therefore, using (30), it can be seen that a positive shock raises mobility. So, our model predicts that gross mobility increases with aggregate productivity, at least in the absence of local uncertainty. To see how the model economy responds to an aggregate shock in the presence of local uncertainty, we simulate the benchmark model while raising z. In particular, we set z = 1 + 0.1σz . Table 10 summarizes the result. As in standard one-sector equilibrium search and matching models (Pissarides, 2000), a positive aggregate shock reduces unemployment and increases vacancy posting. The latter is consistent with Abraham and Katz (1986) who argue that the negative correlation between unemployment and vacancies implies that cyclical variations in unemployment are primarily driven by aggregate shocks rather than shifts in dispersion of sectoral shocks. On the other hand, mobility increases with the aggregate shock. Thus, our model predicts that workers move more in good times than in bad times. These predictions are highly consistent with mobility and unemployment in the U.S. over the last 30 years as shown in Figure 4.34 This experiment shows how well the model performs along a dimension that is not 33



Though it is theoretically straightforward to introduce aggregate dynamics into the model, its solution imposes a very heavy computational burden. The reason is that both the law of motion Γ and the economy-wide island distribution Φ become no longer time-invariant. 34 Figure 4 plots the actual time series. We considered the cyclical deviations of these two time series from their respective trends and also found the negative correlation.
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Table 10: Cyclicality of Gross Mobility σlN σlB



CVN 0 CVB 0



uN uB



0.941



mN mB



0.977 1.032



N σm B σm



1.053 1.025



sN sB



θN θB



1.058



1.065



Figure 4: Aggregate Unemployment and Gross Mobility 0.1
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targeted as part of the calibration. The Lucas and Prescott model predicts counter-cyclical mobility since, in their model, unemployed workers are necessarily movers. Moreover, it is unclear how to explain the observed procyclicality by using preference shocks or shifts in local attractiveness. Clearly, a positive aggregate shock makes employment relatively cheap and mobility relatively expensive. Therefore, assuming non-economic factors as the main driving force of individuals’ relocation decisions would make a counterfactual prediction that labor mobility is counter-cyclical. These results show that within-market search frictions and idiosyncratic location-specific shocks are essential in understanding how unemployment and mobility are determined in equilibrium, and in particular how they are affected by labor market policy. Finally, this exercise has important implications on occupational and industrial mobility. Recent work by Moscarini and Vella (2008) finds that occupational mobility is also procyclical. Their paper also surveys earlier empirical works that find evidences on procyclicality of mobility across industries. Therefore, these evidences in the literature raise the possibility that labor market dynamics of the sort modeled in this paper may 51



also be found in settings with occupational and industrial mobility.
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Conclusion



Motivated by key features of local unemployment and labor mobility in the U.S., we construct an equilibrium multi-sectoral model by merging the main elements of arguably the most central frameworks of equilibrium unemployment: the island model, the search and matching framework and the competitive search models. Our model allows for explicit treatment of both net and gross mobility across local labor markets and within-market trading frictions. The model is successful in accounting for big locational differences in unemployment despite high labor mobility. The prediction of the model is consistent with procyclicality of regional mobility in the U.S.. The latter result can also be extended to provide further insights into procyclicality of occupational and industrial mobility documented by recent empirical studies. The paper does not claim to give a total description of the operation of local labor markets. It does however suggest that gross and net mobility across local labor markets are both important for understanding local and aggregate labor market dynamics. It also suggests that both the level and the variability of the ease of switching sectors, whether viewed as moving costs or training costs, have a substantial impact on aggregate unemployment. The framework developed here was used to relate aggregate unemployment to the variables that affect mobility. Our results suggest that subsidizing regional or sectoral mobility can be welfareenhancing. With appropriate extensions, the model could also shed light on other questions of policy relevance. For instance, supported by cross-country evidence on mobility, it can suggest the extent to which high labor mobility in the U.S. accounts for its higher hours of work relative to Europe. It can also be used to evaluate competing government policies in a multi-sector model. For example, it would be of interest to examine whether a coordinated policy which chooses moving cost subsidies and unemployment insurance benefits optimally can reduce welfare inequality more efficiently than a policy which simply increases benefits.
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Appendix A Appendix A-1: Allowing for Endogenous Separation In this Appendix, we allow for endogenous separation and show that it does not happen in the current calibration. First of all it should be noted that, since the match-specific productivity x does not change within a given match, endogenous separation can happen only when z declines abruptly. Specifically, when z is allowed to evolve stochastically, at some point in time, there can be firm-worker matches whose x is too low to stay on an island that has a low z. These are likely to be the matches that were formed at lower location-specific productivity levels when the island had a high z. Assume that endogenous separation does not alter individuals’ location-specific productivity on their current island. Therefore, given the labor market condition (z, µ), the value of being endogenously separated from a match with productivity x is U (x, z, µ) = max{S(x, z, µ), M }. Let Ξ denote the total value of continuing the current match. Since the value of a separated firm is zero, (3) and (6) imply that Ξ is given by the following equation: Z Ξ(x, z, µ) = xz exp(p) + β(1 − λ) Ξ(x, z 0 , µ0 )G(dz 0 |z) + Z + βλ U (x0 , z 0 , µ0 )Qw (dx0 |x)G(dz 0 |z)}. Following the literature, the match surplus is defined as Θ(x, z, µ) = Ξ(x, z, µ)−U (x, z, µ).35 We let matches dissolve whenever match surplus is less than zero. Clearly, M > b/(1−β). Otherwise, there will be no mobility in the economy. Therefore, U (x, z, m) > b/(1−β) for all (x, z, µ). On the other hand, given our assumption on G, z can take a large negative number and thus make Ξ(x, z, µ) less than b/(1 − β). Therefore, the match surplus Θ is not necessarily positive. However, given the calibration, Θ(x, z, µ) > 0 for all realized values of (x, z, µ). This means that endogenous separation does not occur, even when we allow for it. There are several factors behind this result. First, as mentioned earlier, x does not change within a given match. Second, we approximate the stochastic process G by a finite-state Markov 35



See, for example, Rogerson, Shimer and Wright (2005) for endogenous separation in a setting with match-specific productivity.
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chain. In particular, we discretize z using three grid points, {0.9689; 1; 1.0311}. At the same time, the flow utility of stayers, b − g(s), is less than 0.91. As we see, this number is much smaller than the lowest of the three discrete values.36 Third, even if z drops, local employment declines to reduce the negative impact of the adverse shock on productivity.



Appendix A-2: Competitive Search versus Nash Bargaining A key aspect of any equilibrium search model is wage determination. In a multi-sector search model, when workers are allowed to differ by their moving costs, the standard approach of the generalized Nash bargaining solution is not straightforward in its application. Under Nash bargaining, workers who have lower moving costs tend to have higher threat points. Therefore, two equally-productive workers have to be paid different wages depending on their moving costs. The difficulty is not in finding these different wages. Instead, it is in dealing with imperfect information. In reality, moving costs could depend on a number of variables which employers may not easily observe. For example, presence of a school-age child has a significant effect on a family’s residential mobility decision (Mincer, 1978 and Greenwood, 1997). Homeownership also affects mobility. Therefore, direct application of Nash bargaining would mean that a firm has as much information as workers have regarding their family structure and housing tenure. To side-step the issue of surplus sharing under imperfect information, we use competitive search instead of Nash bargaining. In particular, following Rogerson, Shimer and Wright (2005), we assume that firms post wages to maximize their expected profit and unemployed workers direct their search towards the most attractive jobs on their island. Since wages are posted ex-ante, rather than bargained after agents meet, the issue of the imperfect information becomes irrelevant. So, the combination of wage posting and directed search within local labor markets works well in our multi-sector model.



Appendix A-3: Random versus Directed Mobility We assume that search across islands is random in the sense that the number of workers arriving at an island is independent of the island’s labor market condition. An alterna36



It should be noted that we can keep the result even with finer discrete grids for z. In that case, we may need to alter G so that z remains well above the flow utility of unemployment as in Shimer (2005).
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tive is to assume directed search across islands in which more workers move to better islands. However, it is important to realize that, under the random search assumption, the probability that a mover settles down on a specific island is higher for better islands, because individuals can move again in the next period. For this reason, Kambourov and Manovskii (2009) emphasize that, to a certain extent, random search can also be considered as directed search when the model period is short like ours. Further, location-specific productivity shocks that we assume in our model make the gap between random and directed search models even less significant. In the version of our model with the directed search assumption, there will be workers who decide to move from an island with a better labor market condition to an island with a worse condition, if their location-specific productivity is higher on the second island. Therefore, for this type of moves assuming random versus directed search across labor markets is inconsequential. However, for the rest of the movers, the value of searching for a job at the new location is lower than the value of moving on to other islands. Under the random search assumption, these individuals move again in the next period whereas, under the directed search assumption, these individuals stay at their initial location. Therefore, the only substantial difference caused by random versus directed search is the the number of repeat moves. Since, in our calibration, individuals’ life-time utility varies more along location-specific productivity x than labor market condition (z, µ), the number of repeat moves is negligibly small compared with the number of unemployed workers in the model. Even when repeat mobility is large, there are various ways to embed the model with random mobility into a setting with directed mobility without changing the main results. A simple way would be to count a repeat mover as a resident of the initial location until that repeat mover settles in a particular labor market to search for jobs. In that case, moving cost is reinterpreted as cost of searching across islands. Since per-period output (1) is a function of local employment and movers are unemployed, workers who move twice during two consecutive periods do not affect local labor market conditions and thus individual decisions. Therefore, as long as repeat mobility is not directly targeted, assuming random versus directed search across islands is not important.37 Another, perhaps 37



Kennan and Walker (2008) study repeat and return mobility of young high school graduates using a richer structure on individuals’ location-specific shocks.
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simpler approach is to alter individual income process, Qm , where new comers draw better location-specific productivity so that there is no repeat mobility. For theoretical properties of models with random search, see Alvarez and Veracierto (1999, 2000). Kennan and Walker (2008) also use a random search setting to study regional mobility patterns of young high school graduates, namely return and repeat mobility, while abstracting from unemployment and local labor market dynamics.



Appendix A-4: Perceived Law of Motion For the perceived law of motion, we assume the following log-linear specification: p0 = κ11 + κ12 z + κ13 p + κ14 l



(37)



l0 = κ21 + κ22 z + κ23 p + κ24 l.



(38)



This means that workers and firms know the size of the local labor force and local employment. Equivalently, it also means that the agents know the size of the local labor force ¡ ¢ (L or l = ln L) and the local unemployment rate, u, since p = −φ l + ln(1 − u) − ln(E0 ) . By using these two pieces of information and the current technology shock, agents predict next period’s p and l using the above linear prediction rule. Under the benchmark parametrization, the law of motion is given by: p0 = 0.0419 − 0.0421z + 0.8832p − 0.0201l l0 = −0.0254 + 0.0254z + 0.0325p + 0.9971l. As an accuracy measure, we consider R2 = 1 −



PT



at0 )2 t=t0 (at −ˆ 2 t=t0 (at −a)



PT



where at is the simulated



value of a variable, a ˆt is the predicted value of at and a is the mean of the variable over PT



the sample period, i.e. a =



t0



at



T −t0 +1



. We set t0 = 3000 and T = 50000. The values for R2



associated with the regressions (37) and (38) are, respectively, 0.9997 and 0.99994. So, the prediction rules are very accurate. Including additional variables such as interactions of p, l and z in the regressions have very small effect on R2 . Further computational details along with the numerical algorithm are contained in online Appendix B-5.
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Appendix A-5: Volatility of Local Productivity Per-worker productivity by state for years 1974 through 2004 were obtained from Bauer and Lee (2005) who construct these series using Gross Domestic Product by State released annually by the BEA.38 Let y˜i denote log per-worker gross state product for state i ∈ {1, 2, ..., 51}. Let y˜0 denote log per-worker gross product for the country as a whole. We detrend y˜i and y˜0 by using an HP filter. Following Ravn and Uhlig (2002), we set the HP smoothing parameter to 6.25 to detrend the annual frequency data. Let ∆˜ yi and ∆˜ y0 denote the cyclical deviations of these time series from their respective trends. Since we focus on the relative performances across the local labor markets, relevant to our analysis is state-specific average productivity. To control for the common aggregate component, we assume that an individual state’s per-worker productivity fluctuation, ∆˜ yi , comes from two orthogonal components: ∆˜ yi = ∆˜ y0 + ∆yi where ∆˜ y0 is the aggregate component and ∆yi is the productivity shift specific to state i. Therefore, the standard deviation of the cyclical component of the state-specific productivity is given by σ ˆy = std(∆yi ) = std(∆˜ yi − ∆˜ y0 ). Using this measure, we estimate that σ ˆy = 0.0137. Ciccone and Hall (1996) warn that for some states where the natural recourses are sufficiently important for their economic activity, the GSP gives unrealistic output measures. For this reason, when we exclude Alaska from the sample, the average standard deviation becomes 0.0123. Excluding other states with larger employment share in oil and mining industries such as Louisiana, Wyoming and West Virginia and smaller states such as District of Columbia, Vermont, and North Dakota does not have much impact on our estimate and gives 0.0115. The standard deviation of local productivity in the model economy is measured as follows. Using per-worker output in (1), an island’s per-worker output in week t is given by y w t =



zt E0φ



R



xdµt (0,x)



. Then, we construct annual productivity as a weighted average of ´ ´ ³P P 48t˜+47 48t˜+47 w a w for year t˜ ∈ {1, 2, ...}. Since the islands y t -s, i.e. y t˜ = / t=48t˜ Et y t t=48t˜ Et Et1+φ ³



are ex-ante identical, the cross-sectional volatility of per-worker output is equal to the cyclical volatility of per-worker output of a given island. Therefore, the cross-sectional volatility of annual per-worker output is given by σy = stdt˜(y at˜ )/Et˜(y at˜ ). 38



The estimation methodology of Gross Domestic Product by State is provided at http://bea.doc. gov/regional/gsp/help/.
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Appendix B (not for publication) The references cited below are listed at the end of this Appendix.



Appendix B-1: Production Function Consider the following CRS technology function: ˜φ y = z˜a1−φ h where z˜ is the local technology shock, a is the effective labor input of the employee and ˜ is the firm’s input of the quasi-fixed factor. Let x˜ denote the worker’s idiosyncratic h productivity. Since the worker inelastically supplies one unit of labor, the effective labor input of the worker is a = x˜. Let the island-wide supply of the quasi-fixed factor be cE0 for c > 0. Given our assumption that all firm-worker matches on a given island use the ˜ = cE0 /E where E is the total number of employed same units of the quasi-fixed factor, h 0 φ ) = cφ z˜x˜1−φ ( EE0 )φ . Denoting workers on the island. Therefore, we have y = z˜x˜1−φ ( cE E



z = cφ z˜ and x = x˜1−φ , we can arrive at y = zx( EE0 )φ . In our model, we abstracted from capital mobility. Kambourov and Manovskii (2009) show that allowing for perfectly mobile capital in an island model affects only the volatility of the sectoral shocks (σz ) and therefore, hence is inconsequential as long as the sectoral shock process itself is not targeted as part of the calibration.



Appendix B-2: Local Labor Market Equilibrium In this appendix, we derive the analytical results of Section 4.2.1. Our derivation largely follows Rogerson, Shimer and Wright (2005). In particular, it follows the steps and arguments of Sections 5.1, 5.3 and 7.1 of their paper. For the sake of continuity, we repeat some of the equations that are already presented in the paper. Let us rewrite (13): S(x) = max



¡ ¢ ª © max{b − gx (sw,x ) + βf (qw,x )sw,x W (w, x) − S(x) + βS(x)}



w∈W(x)



sw,x



Inserting (14) into (39), the latter can be re-written as ¡ ¢ ¾¾ ½ ½ b − gx (sw,x ) + βf (qw,x )sw,x w+βλU ˜ λ S(x) = max max w∈W(x) sw,x 1 − β(1 − f (qw,x )sw,x ) 1



(39)



Using the FOC with respect to sw,x , the optimal search intensity s(w, x), must satisfy the following: w = −βλU +



˜ ˜ 0 (s(w, x)) ˜ λb λg λ + x + {g 0 (s(w, x))s(w, x) − gx (s(w, x))}. 1−β βf (qw,x ) 1−β x



We know that workers search for each job type with same search intensity, i.e. s(w, x) = s(w, x). Thus, w = −βλU +



˜ ˜ ˜ 0 (s(w, x)) λ λb λg + x s(w,x) + {gx0 (s(w, x))s(w, x) − gx (s(w, x))}. 1−β 1−β βf ( θw,x )



(40)



Since kx , β and λ are constants, the maximization problem (15) can be simplified to ¡ ¢ max {α qw,x (x − w)}



w,qw,x



or equivalently, to max {α



w,θw,x



¡ s(w, x) ¢ (x − w)}. θw,x



(41)



(42)



Each employer assumes he cannot affect s, although the latter is endogenously determined in equilibrium. This, firms posting a vacancy at the productivity level x take (40) as given. In other words, to a firm, (40) indicates how wage w affects the firm’s queue length qw,x . Then, substituting the right hand side of (40) for w in the firm’s problem (42), the latter becomes max θw,x



µ ½ ˜ ˜ 0 (s(w, x)) ¡ s(w, x) ¢ λb λg x + βλU − − x s(w,x) α θw,x 1−β βf ( θw,x ) ¶¾ ˜ ¡ ¢ λ 0 . − g (s(w, x))s(w, x) − gx (s(w, x)) 1−β x



(43)



Partially differentiating the latter with respect to θw,x , it can be shown that the optimal value θ(w, x) satisfies39 x = −βλU +



˜ ˜ 0 (s(w, x)) ˜ λb λg λ + x s(w,x) + {gx0 (s(w, x))s(w, x) − gx (s(w, x))}. 0 1−β 1−β βα ( θ(w,x) )



(44)



Subtracting (40) from (44) and setting θ(w, x) = s(w, x)/q(w, x), we arrive at µ ¶ x−w gx0 (s(w, x)) 1 1 = − . ˜ β α0 (q(w, x)) f (q(w, x)) λ 39



For clarity purposes, we differentiate the r.h.s. of (43) with respect to θw,x . Since a firm takes s as given, differentiation with respect to qw,x versus θw,x will yield the same result for the first order condition.



2



Since α0 (q(w, x)) = ηf (q(w, x)) and α(q(w, x)) = q(w, x)f (q(w, x)), it follows that 1 − η gx0 (s(w, x)) q(w, x) x−w = ˜ η β α(q(w, x)) λ



(45)



The left hand side of (45) is nothing but J(w, x), the value of a matched firm at the productivity level x. Therefore, it can be rewritten η βα(q(w, x))J(w, x) = gx0 (s(w, x))q(w, x). 1−η Combining the latter with the free entry condition kx = βα(q(w, x))J(w, x), we obtain η kx = gx0 (s(w, x))q(w, x). 1−η



(46)



Since in equilibrium s(w, x) = s(w, x), for notational ease, we present our further discussions in terms of s rather than s. Then, the equations (44), (45) and (46) are, respectively, the equations (17), (18) and (19) in the paper. As a side note, we observe that (46) holds under a broad range of specifications. For example, (50) shows it holds when ψw > 0. (57) shows that it holds in the benchmark model as well. It also holds when there is no mobility. In fact, when there is no mobility, our model becomes equivalent to the one in Section 7.1 of Rogerson, Shimer and Wright (2005) where they obtain (46) as well.40



Appendix B-3: Proof of Proposition 1 Since gx is strictly convex, (19) implies that there is a one-to-one mapping between s(w, x) and q(w, x) for all (w, x). It also implies that s(w, x) is a decreasing function of q(w, x) for all (w, x). Combining this result with (17) yields that q(w, x) is unique across the firms who post a vacancy at the productivity level x. Then, using the free entry condition ˜ x = A(q(w, x))η (x − w), it can be seen that w is also the same across all the firms λk posting a vacancy at the same productivity level. 40 Rogerson, Shimer and Wright (2005) do not explicitly write (46). However, combining Eqs. (89) and (90) of their paper and also using the fact that bargaining is efficient under the Hosios condition, one can easily obtain the same result. Note though that in their paper, q denotes u/v whereas in ours it denotes sn/v. Also, the parameter θ in their paper is denoted by η in our paper.
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Appendix B-4: Analytical Solution When ψw > 0 When ψw > 0, the value of working with wage w is given by W (w, x) = w + β(1 − λ)W (w, x) + βλψw S(x) + βλ(1 − ψw )U.



(47)



Substituting (47) into the maximization problem (13) and solving for the optimal search intensity leads to 1 − β + βλ(1 − ψw ) 0 (gx (s(w, x))s(w, x) − gx (s(w, x)) 1−β 1 − β + βλ(1 − ψw ) + b 1−β 1 − β(1 − λ) 0 + g (s(w, x)). βf (qw,x ) x



w + βλ(1 − ψw )U =



(48)



We know that s(w, x) = s(w, x). Substituting (48) into firms’ vacancy posting decision (15) and maximizing it with respect to qw,x gives 1 − β + βλ(1 − ψw ) 0 (gx (s(w, x))s(w, x) − gx (s(w, x))) 1−β 1 − β + βλ(1 − ψw ) + b 1−β 1 − β(1 − λ) 0 g (s(w, x)). + (49) βα0 (qw,x ) x



x + βλ(1 − ψw )U =



Denoting the optimal value of qw,x by q(w, x) and inserting (48) and (49) into the free entry condition (16), we obtain η kx = gx0 (s(w, x))q(w, x). 1−η



(50)



Using (48)-(50), it is straightforward to see that the analytical results of Section 4 also hold when ψw > 0.



Appendix B-5: Proof of Proposition 2 i. If everyone moves each period, the moving cost is so low (or even negative) that S(1 + ω) ≤ M. Then it follows that U = M =



b−C . 1−β



(51)



Combining the latter with (23) and (51), one



˜ 2 (1 + ω). can obtain C ≤ b − λr 4



ii. If no one moves, the moving cost is so high that M ≤ S(1).



(52)



Since max{S(x), M } = S(x), it follows that U = fore, given (23), it follows that U =



r2 (1 1−r1



R



S(x)dF (x) = S(1 + ω2 ). There-



+ ω2 ) and S(x) =



r1 r2 (1 1−r1



+ ω2 ) + r2 x.



Inserting the latter two expressions into (52), it can be seen that C ≥ b − r2 + β(1 − λ)r2 (1 + ω2 ). Since no one moves, the economy can be thought of as a large number of identical closed islands. Given that A is equal to the job-finding rate, the unemployment rate of each closed economy is u =



λ . λ+A



Appendix B-6: The Homogeneous Islands Model Using (20) and (24), we obtain M = −ζ1 − C + r3 U where r3 =



β(1−β+λ) . 1−β(1−λ)



Since M =



S(x∗ ) = r1 U + r2 x∗ , it follows that U=



r2 x∗ + ζ1 + C . r1 − r3



(53)



On the other hand, Z



Z



x∗



U=



∗



1+ω



(r1 U + r2 x )dF (x) +



(r1 U + r2 x)dF (x). x∗



1



Taking the integration and combining the result with (53) give us x∗ 2 − 2



ω+β ∗ ω x + (1 + ω)2 − 2(ζ1 + C) = 0. β βr2



Solving the quadratic equation for x∗ while taking into account the effect of the moving cost yields (29). Next, we calculate mobility and unemployment. Using (25), it can be shown that the total number of employed workers is given by Z 1+ω m 1 − F (x∗ ) dµ(0, x) = . λ F (x∗ ) x∗ Combining (25) and (26), we find that the total number of stayers is given by Z 1+ω m 1 − F (x∗ ) dµ(1, x) = , A F (x∗ ) x∗ As the size of the labor force is normalized to one, it must be the case that m+



m 1 − F (x∗ ) m 1 − F (x∗ ) + = 1. A F (x∗ ) λ F (x∗ ) 5



Solving the latter for m and inserting F (x∗ ) =



x∗ −1 ω



into the result yield the equilibrium



mobility rate (27). Finally, summing the total numbers of movers and stayers gives us the unemployment rate (28).



Appendix B-7: Computational Method Given the law of motion of p and l found in Appendix A-2, we perform value function iteration to find the equilibrium of the model. We approximate the stochastic process for the local technology shock, z, by a 3-point Markov chain. For the transition matrix associated with the local technology shock, we use the method described in Rouwenhorst (1995).1 For p, we use the following 7 points: {0, ± σ2z , ±σz , ±2σz } where σz is the standard deviation of the local technology shock, z. We put more grid points close to zero where most of the variation in p occurs. For l, we use equally-spaced five grid points: {0, ±0.05, ±0.1}. For some of the counterfactual experiments where net mobility is very high, we re-set the outermost grids of p and l to ±4σz and ±0.2, respectively. Having many grid points along the idiosyncratic shock, x, is essential for solving the model. If a sufficiently fine grid is not maintained along x, the size of the local labor force and employment will evolve in a stepwise pattern due to heavier mass points inherited from the coarser grid. The latter, in turn, will make it difficult to retrieve a meaningful law of motion for p and l. On the other hand, the combination of the large state space and the two infinite dimensional objects makes it impossible to carry out the computation with almost ”continuous” x. We start with 6 even-spaced grid points along x which we refer to as the coarser grid. Due to the linearity assumptions of search and vacancy costs, the value of stayer, S, does not have much curvature along x. Therefore, the value functions and decision rules obtained from numerical iteration are robust to even finer grids. Given the value functions evaluated on the coarser grid, we use three-dimensional linear interpolation to calculate the values on a finer grid of x and the realized continuous values of p and l. For the finer grid of x, we use 120 even-spaced grid points. Once, we 1 Due to the shorter length of the unit period, persistence of the local technology shock is very high in the model. Galindev and Lkhagvasuren (2008) show that for highly persistent autoregressive processes Rouwenhorst’s (1995) method outperforms Tauchen and Hussey’s (1991) method. (These references are listed at the end of this appendix).
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have the decision rules on the finer grid of x, simulating the economy amounts to simple manipulation of matrices. Computational Algorithm The key elements of the numerical algorithm are as follows: ˆ 0. ˆ 0 , and the value of moving, M 1. Guess on the mobility rate, m 2. Guess on the parametric law of motion (37) and (38). Let κ ˆ 01 = {ˆ κ011 , κ ˆ 012 , κ ˆ 013 , κ ˆ 014 } and κ ˆ 02 = {ˆ κ021 , κ ˆ 022 , κ ˆ 023 , κ ˆ 024 } denote the values of the coefficients. A good initial guess may come from the economy with no local technology shock, i.e. κ ˆ 01 = {0, 0, 1, 0} and κ ˆ 02 = {0, 0, 0, 1}. ˆ 0 , solve for the value functions U , S and W , the job-finding 3. Given κ ˆ 01 , κ ˆ 02 and M rate f (q)s and the search-vacancy ratio, q = s˜/v. This step involves the following iterations: (a) Given the coarser grid points along x, guess on S00 , U00 and W00 .41 (b) Given the parametric law of motion, calculate the value of the matched firm, J 0 , as a function of wage, w0 . (c) Given J 0 , S00 , U00 and W00 , find w0 , s0 and q 0 at each point of the coarser grid. (d) Using w0 , s0 and q 0 , obtain new values for S10 , U10 and W10 . If {S00 , U00 , W00 } and {S10 , U10 , W10 } are close enough go to the next step, otherwise set {S00 , U00 , W00 } = {S10 , U10 , W10 } and go to (a). 4. Using the value functions U10 and S10 and the policy functions, s0 and q 0 , calculate the job-finding rate f (q 00 )s00 and the mobility decision, Ω00 , on the finer grid of x and the realized values of {z, p, l}. 5. By applying piece-wise linear interpolation to the value functions U 0 and S 0 and policy functions, s0 and q 0 , generate the job-finding rate f (q 00 )s00 and the mobility decision Ω00 on a finer grid of x conditional on {z, p, l}. 41



The values market with finer grid.



0



are the values on the coarser grid whereas
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00



indicates the values on the



6. Using Ω00 and f (q 00 )s00 , and the mobility rate, m, ˆ generate artificial time series data for 50000 periods: {pt , lt }50000 t=1 . 7. Estimate the coefficients of (37) and (38) by running the OLS on the simulated data, {pt , lt }50000 ˆ 11 = {ˆ κ111 , κ ˆ 112 , κ ˆ 113 , κ ˆ 114 } and κ ˆ 12 = {ˆ κ121 , κ ˆ 122 , κ ˆ 123 , κ ˆ 124 }. t=3000 . Let the estimates be κ If κ ˆ 0 = {ˆ κ01 , κ ˆ 02 } and κ ˆ 1 = {ˆ κ11 , κ ˆ 12 } are close enough then go to the next step, otherwise revise the coefficients by setting κ ˆ 0 = ϕ1 κ ˆ 0 + (1 − ϕ1 )ˆ κ1 for some 0 < ϕ1 < 1 and go to Step 3. 8. Using the artificial time series for a large number of islands, measure the mobility rate. Let m ˆ 1 be the measured mobility rate. Also, using all realized combinations of z, p and l in the simulated data, calculate the value of leaving the current island, ˆ 1 . If the assumed values, m ˆ 0 , are close enough to M . Let the value be M ˆ 0 and M ˆ 1 , stop. Otherwise, update the initial guess according the realized values, m ˆ 1 and M ˆ 0 = ϕ2 M ˆ 0 + (1 − ϕ2 )M ˆ 1 for some 0 < ϕ2 < 1 to m ˆ 0 = ϕ2 m ˆ 0 + (1 − ϕ2 )m ˆ 1 and M and go to Step 2. Calculations involved in step 3 Here we present the key equations used in step 3 of the algorithm. To shorten our discussion, we focus here mainly on the results. For the detailed derivations of the similar equations and arguments, see Appendix B-2.



Remark 1. As in Appendix B-2, the free entry condition implies that in equilibrium q is unique for each job type τ = (w, x, z, µ).



Workers. For each τ = (w, x, z, µ), let the expected value of remaining as an unemployed in the next period be42 EU (x, z, µ) =



Z U (x0 , z 0 , µ0 )Qw (dx0 |x)G(dz 0 |z).



Let the expected value of a new job which starts in the next period is Z EW (τ ) = W (x, w, z 0 , µ0 )G(dz 0 |z). 42



The dynamic equations are all subject to the law of motion Γ.
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Also let D be defined as ¡ w¢ − EU (x, z, µ). D(x, z, µ) = EW (w, x, z, µ) − ˜ λ Then the FOC of (4) with respect to sτ yields that the optimal search intensity s(τ ) has to satisfy the following: gx0 (s(τ )) = βf (qτ )(D(x, z, µ) +



w ). ˜ λ



Note that a worker takes qτ as given. We can write the last equation as g 0 (s(τ )) w + D(x, z, µ) = x . ˜ f (qτ ) λ Remark 2. Strict convexity of gx implies that workers looking for the same job will search with same intensity. Thus s(τ ) = s(τ ).



Therefore, we have w g 0 (s(τ )) + D(x, z, µ) = x . ˜ f (qτ ) λ



(54)



Value of a firm. Let Y0 denote the present discounted value of output streams of a matched firm. Y0 is given by the following recursive equation: Z Y0 (x, z, µ) = xz exp(p) + β(1 − λ) Y0 (x, z 0 , µ0 )G(dz 0 |z) Then, the value of a filled job will be J(τ ) = Y0 (x, z, µ) − ˜ Let y0 (x, z, µ) = λ



R



w . ˜ λ



Y0 (x, z 0 , µ0 )G(dz 0 |z). Then the expected value of a new job will be EJ(τ ) =



y0 (x, z, µ) w − . ˜ ˜ λ λ



Vacancy posting. Using y0 , the free entry condition can be written as kx = βα(q(τ ))



y0 (x, z, µ) − w . ˜ λ 9



(55)



The firm’s maximization problem can be written as max α(qτ )( qτ



y0 (x, z, µ) w − ) ˜ ˜ λ λ



subject to (54). Then the maximization problem can be written as max α(qτ )( qτ



y0 (x, z, µ) gx0 (s(τ )) − + D(x, z, µ)) ˜ βf (qτ ) λ



A local labor market. The FOC with respect to qτ gives43 y0 (x, z, µ) g 0 (s(τ )) + D(x, z, µ) = x 0 . ˜ βα (q(τ )) λ



(56)



Subtracting (54) from (56), we obtain y0 (x, z, µ) − w =



˜ 0 (s(τ )) λg 1 1 x ( 0 − ). β α (q(τ )) f (q(τ ))



Inserting it into the free entry condition (55) and using the properties of functions α and f , we obtain that η kx = gx0 (s(τ ))q(τ ). 1−η



(57)



Using (56) and (57), one can obtain that ˜ y0 (x, z, µ) + λD(x, z, µ) =



˜ 1−η λk x (g 0 (s(τ )))η . βAη η (1 − η)1−η x



(58)



Remark 3. Using (58), it is clear that s is unique for each triplet (x, z, µ). Furthermore, using (55) and (57), q and w are unique for each triplet (x, z, µ) as well.



These results imply the following steps: 1. Given y0 and D, calculate s using (58). This will also give us s since s = s in equilibrium. 2. Using (57), find q. 3. Using q and s, find the job finding rate f (q)s. 4. Using (55) and q, find w. 43



Recall from Appendix B-2 that partial differentiation with respect to q versus θ has no effect on the results.
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Appendix B-8: Solution of the simple economy From (33) and (34), we have ˜ − β)Sj − λb ˜ = βf (qx ,w )(w − λS ˜ j + βλU ). λ(1 j



(59)



A firm posting a vacancy at the productivity level xj takes Sj and U as given. Therefore, using (59) and (36), the firms problem can be written as: ˜ j + βλU − q(xj , w) = arg max{α(˜ q )(xj − λS q˜



˜ j (1 − β) − λb ˜ λS )}. βf (˜ q)



Noting that α(˜ q ) = A˜ q η and α(˜ q )/f (˜ q ) = q˜, the FOC of the maximization yields ˜ j + βλU ) = λS ˜ j (1 − β) − λb. ˜ ηβA(q(xj , w))η−1 (xj − λS



(60)



This implies that for each j there is a unique q(xj , w) which we denote by qj . Then, the free entry condition Vj = 0 implies that the wage is also unique for each productivity level: w j = xj −



˜ kj λ . βα(qj )



(61)



Given U , the local labor market equilibrium is given by (59), (60) and (61). Therefore, the equilibrium is given by these three equations along with (32) and (35). For the remainder of this appendix, we show how to use these equations. We can rewrite (59) and (60), respectively, as ˜ j + βλU = wj − λS



˜ j (1 − β) − λb ˜ 1−η λS qj βA



˜ j + βλU = xj − λS



˜ j (1 − β) − λb ˜ 1−η λS qj . ηβA



and



Subtracting the former from the latter, we obtain that ˜ j (1 − β) − λb ˜ 1−η xj − wj 1 − η λS = qj . ˜ η βA λ Combining this result with (61), we obtain qj =



η kj . 1 − η Sj (1 − β) − b



Therefore, one can proceed in the following way: 11



(62)



1. Combining (61) and (62), express wj in terms of Sj for each j; 2. Insert the result into (59) by setting w = wj ; and 3. Using the resulting two equations, we solve for SL and SH under two alternative specifications for U : a) When there is no mobility, U = ϕSH + (1 − ϕ)SL . b) When there is mobility, U = ϕSH + (1 − ϕ)M where M = b − C + βU . To calculate the welfare impact of the subsidies, we need the numbers of workers across different states. When there is no mobility, individuals can be at one of the four states: unemployed or employed at xL or xH . Since qL = qH = 1, the total number of unemployed workers is u = λ/(λ + A). Then, the aggregate lifetime utility of the initial economy is given by: Υ = u((1 − ϕ)SL + ϕSH ) + (1 − u)((1 − ϕ)WL + ϕWH ) However, when there is mobility, individuals can be in one of the three states: mover, stayer and employed. It can be shown that u = 1 − 1/(1 + λ(1/ϕ − 1) + λ/f (qH )) and m = λ(1/ϕ − 1)(1 − u). Using these numbers, the after-tax aggregate utility is given by Υ = (1 − u)WH + mM + (u − m)SH −



mςC B . 1−β
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