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Abstract I analyze macroeconomic eects of a statutory minimum wage. A minimum wage primarily impacts unskilled individuals. Skilled households and economywide aggregate variables are only negligibly aected. After a minimum-wage hike rms set tougher performance standards for their unskilled employees. Minimumwage elasticity of directly aected unskilled employment is −1; elasticity of total employment equals −0.05. A 10% increase in minimum wage raises total unemployment rate by 0.49 percentage points. If there was no binding wage oor, the government would unintentionally dictate the competitive unskilled wage through the system of unemployment benets.
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In many countries around the world there is a statutory minimum wage. Table 1 shows that it prevails in the majority of large developed economies, and its relative size to median wage oscillates between 30% and 60%. A binding minimum wage is a clear contradiction to the idea of competitive labor markets and represents an important friction which desires our attention. Real Hourly Minimum Wage



Minimum Relative to Median Wage



in U.S.$PPP



of Full-Time Workers



10.9



0.53



8.2



0.44



France



10.9



0.62



Germany



10.2



0.48



Japan



6.9



0.40



U.K.



8.2



0.49



U.S.



7.2



0.36



Australia Canada



Table 1: Minimum Wages in 2015. Source: OECD.Stat, Base Year: 2014.



There is broad empirical literature on minimum wages, which mainly focuses on employment eects in specic industries or demographic groups (i.a., Card and Krueger, 1994; Neumark and Wascher, 2000; Dube, Lester and Reich, 2010; Neumark, Salas and Wascher, 2014). Nonetheless, there is still a lot of controversy over the size and sign of the employment eect. In contrast, theoretical literature is by no means so active as the empirical research. When analyzing the minimum wage, the theory works with partial-equilibrium or static models (e.g., Brown, Gilroy and Kohen, 1982; Lee and
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Saez, 2012) . Even the recent insightful study by Sorkin (2015) uses partial equilibrium. Sorkin analyzes the minimum wage in a putty-clay model that describes labor demand in the restaurant industry. The model therefore says nothing about the possible impact of the minimum wage on labor supply, ination, price of capital, or demand for goods. The literature lacks a general-equilibrium dynamic macroeconomic perspective on the minimum wage. It would be desirable to understand how the minimum wage impacts macroeconomic variables like GDP, unemployment, or ination and to know who the



Of course, the research on minimum wages is much older: Mill (1848), Marshall (1897), Lees Smith (1907), Webb (1912), Lester (1946), and Stigler (1946). 1



2



beneciary of the minimum-wage policy is.



For instance, such knowledge would be



helpful when discussing the next minimum-wage hike. I carry out the analysis in several steps.



I set up a New-Keynesian model with



two types of householdsskilled and unskilled.



The unskilled individuals from the



unskilled households work for a minimum wage which is determined by the government; the skilled individuals from the skilled households receive a higher competitive wage. Additionally, the households dier in their consumption and saving behavior.



The



unskilled households are rule-of-thumb consumers; the skilled households behave in Ricardian way. The employment contracts of the skilled and the unskilled have dierent features, too.



The unskilled perform relatively simple tasks.



Employers can easily



monitor the unskilled. Hence, the employers can directly specify the unskilled eort in an employment contract. The skilled, which are involved in more sophisticated tasks, are hard to monitor. To reach the preferred skilled eort, the employers have to engage in the reciprocity of fair wages. Moreover, there is an unemployment benet system, which is nanced by a proportional income tax. To describe the labor market, I consider labor-force participation, employment, unemployment, and workers' eort. I estimate the model using U.S. data and ask two crucial questions. First, how the economy responds to a minimum-wage increase. Second, which long-run economic outcomes should be expected under dierent steady-state levels of the real minimum wage. Based on this investigation, I also oer a few policy implications. The model delivers three main results. First, if there is no binding minimum wage, the unskilled competitive wage depends on the size of unemployment benets and sociopsychological aspects. In other words, if there wasn't any binding minimum wage, the government would unintentionally dictate the unskilled wage. Second, the minimum-wage policy primarily impacts the unskilled individuals. In general, the skilled individuals and economy-wide aggregate variables are only negligibly aected.



In accordance with Aaronson, Agarwal and French (2012), minimum-wage



earners raise their consumption after a minimum-wage hike. The model replicates the classical argument of institutional economics: a higher minimum wage leads to tougher performance standards.



In the model framework, it means the unskilled individuals



have to supply more eort. So every minimum-wage increase triggers an endogenous positive productivity shock.



Therefore, a minimum-wage increase doesn't result into



any severe monetary concerns; it practically stokes no ination (Katz and Krueger, 1992). The higher productivity osets the higher costs.
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Third, the model predicts the following minimum-wage elasticities. The minimumwage elasticity of directly aected unskilled employment is ployment is



−1; the elasticity of total em-



−0.05; the minimum-wage elasticity of unskilled eort equals 0.88.



Finally,



a 10% minimum-wage increase raises the total unemployment rate by 0.49 percentage points.



1



The Model



I present a variant of a New-Keynesian model with sticky prices and monopolistic competition. There is an interaction between households, rms, government, and an independent central bank.



1.1



Households



The economy is populated by a represent a fraction



ω



for skilled households.



[0; 1]



continuum of households. Unskilled households



of the overall population; the remaining fraction Each household consists of a



[0; 1]



(1 − ω)



stands



continuum of individuals.



At the rst glance, the assumption of two household types seems rather dialectical and doesn't reect the complexity of a wage distribution.



Nevertheless, in the light



of reported employment polarization (Goos and Manning, 2007; Goos, Manning and Salomons, 2009; Autor and Dorn, 2013) it may not be too simplifying to proceed with just two household types.



1.1.1 Unskilled Households Let's concentrate on an unskilled household



h ∈ [0; ω].



Members of such a household



have low educational attainment or lack work experience. High-school dropouts would be a typical example. The head of the household chooses the household's labor-force participation in every period. The remaining household members



(1 − Lut (h))



Lut (h)



stay at home engaged



in home production with the following production function:



Xtu (h) = Jt (1 − Lut (h)) ,
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(1)



where the productivity



Jt



follows a stochastic process:



Jt = exp(Jt ), Jt = ρJ Jt−1 + νtJ . The unskilled households are rule-of-thumb consumers who spend their entire income on consumption goods:



h i Ctu (h) = (1 − τt ) wtu (h) (1 − ztu (h)) + qtu ztu (h) Lut (h).



(2)



τt represents a proportional income taxapplied also to unemployment u u benets; wt (h) is the real wage of the unskilled individuals; zt (h) stands for the fraction u of household members in the labor force who are unemployed; qt are real unemployment



The symbol



benets for the unskilled individuals. I don't explicitly describe hours in my analysis; each unskilled individual works the same number of hours. Hence, the reader should understand wages in the model as quarterly payments to workers. I do not endogenously derive why the unskilled households behave as rule-of-thumb consumers.



Nevertheless, in the literature one can nd several explanations for such



a behavior. The households can be nancially illiterate (Lusardi and Mitchell, 2007), encounter entry and participation costs to access nancial markets or be confronted with a borrowing constraint (Haliassos and Michaelides, 2003). The concept of rule-ofthumb consumers is, for example, used in Mankiw (2000) or in the research on scal multipliers (Galí, López-Salido and Vallés, 2007; Cogan et al., 2010). Because the household consumes its complete income, and the home-produced goods are non-tradable and non-storable, the head of the household maximizes the household's utility only by choosing the labor-force participation rate



Lut (h), taking the household's



wage and unemployment rate as given:



max



∞ {Lu t (h)}t=0



  ∞ 1 X σu σ u σu u t u u u u E0 (β ) ln ζ (Ct (h)) + (1 − ζ ) (Xt (h)) t=0 u



−



Υ 2







Lut (h) Lu,Ref (h) t



2 ) −1



s.t. (1) and (2). The parameter



βu



is the discount factor of the unskilled households;
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ζu



and



σu



are



parameters of the felicity function;



Υu



is a parameter of habit formation. This type of



felicity function is often used when addressing issues of home production in macroeconomic setups (e.g., Benhabib, Rogerson and Wright, 1991; Blankenau and Kose, 2007). Similarly to Erceg and Levin (2014), I include a habit formation to reproduce the historically small movements in the labor-force participation rate. In the rest of the paper, I assume an external habit:



Lu,Ref (h) = Lut−1 , t where



Lut−1



stands for the past average labor-force participation rate of the unskilled



households. Verbally, an unskilled household experiences disutility if it supplies a different number of household members to the labor market than it was usual in its social class in the previous quarter.



The head of the household doesn't take into account



any potential disutility which could arise when the individuals are part of the labor force. The reason is that home production causes disutility anyway. Solving the above maximization problem leads to the following rst-order condition:



ζ u (Ctu (h))σ



u



1 Lu t (h) σu



ζ u (Ctu (h))



− (1 − ζ u )(Jt )σ (1 − Lut (h))σ u



+ (1 − ζ u ) [Jt (1 − Lut (h))]σ



u −1



u



Υu = u Lt−1







 Lut (h) −1 . Lut−1



Despite of being sent to the labor force, individuals do not accept every job. A rm
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{wtu (j), eut (j)} to an unskilled individual j which consists of a real wage wtu (j) and eort eut (j). The rms can specify the eort level in the contract because they oers a contract



can perfectly monitor the tasks of the unskilled workers. For instance, think about fastfood restaurants where it is very easy to check the workers' performance. To persuade an unskilled individual to accept a job, the rm's oer has to satisfy a participation constraint:







u



ln ζ [(1 −



u τt )wtu (j)]σ



 σ1u



−



κeut (j)



For considering the contract, the individual



j







u



≥ ln ζ [(1 −



u τt )qtu ]σ



 σ1u



+ χ.



(3)



applies the same felicity function as the



head of the household uses. The individual is part of the labor force; hence, he doesn't



u have any time for home production (Xt (j)



= 0).



If he is employed, he spends the



complete wage on consumption goods, and the required eort decreases his overall utility by



κeut (j).



If the individual rejects the job, he receives real unemployment



Firms can distinguish between skilled and unskilled individuals, for example, by requiring an education certicate. For skilled jobs they hire only skilled individuals; for unskilled jobs they hire only unskilled individuals. 2
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benets



qtu ,



which he spends again on consumption goods. The term



χ



captures two



eects which show up when being in the labor force but staying unemployed. it is the social stigma caused by unemployment.



First,



Second, there is the advantage of



having more time when staying unemployed. If the eect of social stigma dominates,



χ



becomes negative. It is obvious that if one assumes a logarithmic felicity function



and a proportional income tax, the tax system has no direct eect on the participation constraint. From a rm's perspective, there is no reason to worry about an incentive constraint. If the individual



j



shirkssupplies less eort than required by the contract, he is imme-



diately detected and red. Afterward he is not eligible for the unemployment benets. Under the assumption of a logarithmic felicity function, this results into a utility of minus innity. Put it dierently, if the individual accepts an employment contract, he always obeys. In equilibrium every unskilled individual in the labor force wants to accept the rms' optimal contract. However, the demand for unskilled workers is smaller than the number of unskilled individuals in the labor force; therefore, unemployment arises.



1.1.2 Skilled Households Now let's focus on a skilled household



h ∈ (ω; 1].



In contrast to the unskilled households,



the skilled households have gained work experience and reached a higher educational level. Think about people who have attended a college. The skilled households behave in a Ricardian manner. The head of each household decides on consumption, investment, bond purchases, labor-force participation, and eort, taking the household's unemployment rate and wage as given:



max



{Cts (h),Its (h),bst (h),Lst (h),est (h)}∞ t=0



  ∞ 1 X σs σ s σs s t s s s s E0 (β ) ln ζ (Ct (h)) + (1 − ζ ) (Xt (h)) t=0



Υs − 2







Lst (h) Ls,Ref (h) t



2 −1



− (1 − zts (h)) Lst (h) (est (h) − nst (h))2 s.t.



Xts (h) = Jt (1 − Lst (h)) , s Kt+1 (h) = (1 − δ)Kts (h) + Its (h),
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h i Cts (h) + Its (h) + bst (h) = (1 − τt ) wts (h) (1 − zts (h)) + qts zts (h) Lst (h) + rtK Kts (h) + bst−1 (h) The parameter



βs



1 + it−1 + dst (h). Πt



is the discount factor of the skilled households,



σs



and



ζs



parameters



s



Υ a parameter of habit formation, and δ the depreciation rate of s s capital. The symbol Ct (h) represents household's consumption, Xt (h) home-produced s s 3 s goods , Lt (h) labor-force participation rate, Kt (h) capital stock, It (h) investment, and bst (h) real bonds. The skilled household experiences disutility when it supplies eort est (h) to rms that diers from the social norm nst (h). The household has to pay a proportional income tax τt , which only applies to labor income and unemployment s benets, and receives a real wage wt (h). While it is hit by the unemployment rate zts (h), it is eligible to apply for real unemployment benets qts . Capital brings a real s K return rt , and rms pay real dividends dt (h). The bonds earn a nominal interest rate it ; therefore, the gross ination rate Πt is a concern. I again assume an external habit: of the felicity function,



Ls,Ref (h) = Lst−1 . t Solving the described maximization problem results into two Euler equations and optimality conditions for the labor-force participation rate and the eort:



n o K f1 (h, t) = β Et f1 (h, t + 1) 1 + rt+1 − δ , s



  1 + it f1 (h, t) = β Et f1 (h, t + 1) , Πt+1  s  h i Lt (h) Υs s s s s −1 , f2 (h, t) + f1 (h, t)(1 − τt ) wt (h)(1 − zt (h)) + qt zt (h) = s Lt−1 Lst−1 s



est (h) = nst (h), where



s



f1 (h, t) =



ζ s (Cts (h))σ



s



ζ s (Cts (h))σ −1 h iσ s , s s + (1 − ζ ) Jt (1 − Lt (h)) s



−(1 − ζ s )(Jt )σ (1 − Lst (h))σ −1 f2 (h, t) = h iσ s . s ζ s (Cts (h))σ + (1 − ζ s ) Jt (1 − Lst (h)) s



3



Notice that skilled and unskilled households have the same home productivity J . t
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Skilled workers' tasks are complex and hard to monitor; therefore, the rms cannot explicitly specify the eort level in a contract. Think about a researcher, by whom it is in general dicult to distinguish between contemplating new ideas and shirking. Instead, the rms know that the skilled individuals supply eort according to the following social norm:



s est (h) = nst (h) = φ0 + φ1 ln wts (h) + φ2 ln wts + φ3 ln wt−1 + φ4 ln zts + φ5 ln qts .



(4)



This type of eort function is based on behavioral considerations, and comparable specications can be found in Collard and de la Croix (2000) or in Danthine and Kurmann (2004). The individuals work harder if they receive a higher wage (φ1 a higher unemployment rate of their social class (φ4



> 0).



> 0) or experience



Lazear, Shaw and Stanton



(2016) show empirically that a higher unemployment rate causes higher eort.



The



individuals reduce their eort if the average wage of their social class increases (φ2



< 0,



φ3 < 0),



or if the unemployment benets become more generous (φ5



< 0).



I make here



a reasonable assumption that individuals react more strongly to their own wage than to the average wage of their fellows (φ1



+ φ2 > 0).



Moreover, the income tax doesn't



directly aect the supplied eort. The skilled worker doesn't punish the employer with less eort because he blames the government for the tax system. Let's sum up how the labor market looks like in the model. Both types of households skilled and unskilledchoose their labor-force participation rates. The rms oer an employment contract only to a fraction of the unskilled labor force. Such a contract satises the participation constraint of the unskilled. The unskilled individuals accept it and obey. The rest of the unskilled labor force becomes unemployed. The rms also decide to hire only a part of the skilled labor force. The employed skilled individuals supply eort according to (4). The remaining skilled individuals in the labor force are then unemployed. Because households consist of a continuum of individuals, I can apply the law of large numbers, which implies that each household's unemployment rate equals to the aggregate unemployment rate of the specic household's typeskilled or unskilled. Therefore, the households are identical within the groups, and I can get rid of the index



h



in the rest of the text.
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1.2



Firms



In the economy there are two sectors: nal-good and intermediate-goods sector.



1.2.1 The Final-Good Sector There is a price-taking representative rm in the nal-good sector. It buys intermediate goods and bundles them into a nal good, which is demanded by households, government, and intermediate-goods rms via Rotemberg adjustment costs. Its optimization problem looks like:



Z max



Yt (g) ∀ g ∈ [0;1] where



Pt



Pt Yt −



1



Z Pt (g)Yt (g)dg



Yt =



s.t.



0



1



(Yt (g))



θ−1 θ



θ  θ−1



dg



,



0



is the aggregate price level,



overall production of the nal good,



Pt (g) price of an and Yt (g) demand



intermediate good



g , Yt



the



g.



for an intermediate good



Solving the maximization problem leads to the following demand function:



 Yt (g) =



Pt (g) Pt



−θ Yt .



1.2.2 The Intermediate-Goods Sector In the intermediate-goods sector, there is a



[0; 1]



continuum of rms which operate



under monopolistic competition. Let's focus on a rm



g ∈ [0; 1].



It has a Cobb-Douglas



production function with constant returns to scale:



Yt (g) = At [Kt (g)]α [eut (g)Ntu (g)]γ [est (g)Nts (g)]1−α−γ , where



Ntu (g)



and



Nts (g)



represent the number of unskilled and skilled workers.



(5)



The



rms don't have any problems to distinguish between the unskilled and skilled; they can easily ask for a certicate which indicates individual's skills. The productivity



At



follows a stochastic process:



At = exp(A t ), A A A A t = ρ t−1 + νt . Due to the constant returns to scale, I can split the rm's optimization problem into cost minimization and prot maximization. During the cost minimization the rm
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g



u decides how much capital (Kt (g)) and how many workers (Nt (g), u u which employment contracts ({wt (g), et (g)},



Nts (g))



to hire and



{wts (g)}) to oer. Then the rm sets a



price (Pt (g)) to maximize its prots. Let's start with the cost minimization, and for the time being let's assume that there is no binding minimum wage. In other words, the labor market is competitive. In such a setup the optimization problem has the form:



min



u s s Kt (g),wtu (g),eu t (g),Nt (g),wt (g),Nt (g)



s.t.



rtK Kt (g) + wtu (g)Ntu (g) + wts (g)Nts (g)



Yt (g) ≥ Y¯t (g), (5), (3), (4).



In the optimum the participation constraint of the unskilled (3) has to be binding because the rm wants to obtain the maximum eort an unskilled individual is prepared to deliver for a wage



wtu (g).



Hence, the participation constraint can be rewritten as an



eort function of the form:



eut (g) =



1 1 χ ln wtu (g) − ln qtu − . κ κ κ



(6)



Although I model the unskilled labor market by contract theory, I get an eort function which is similar to that found on the skilled labor market, which is backed by behavioral considerations. In the absence of a binding minimum wage, the optimality conditions are as follows:



rtK = αmct (g) Ntu (g) = γmct (g)



Yt (g) , Kt (g)



Yt (g) ∂eut (g) , eut (g) ∂wtu (g)



(8)



Yt (g) , Ntu (g)



(9)



wtu (g) = γmct (g)



Nts (g) = (1 − α − γ)mct (g)



Yt (g) ∂est (g) , est (g) ∂wts (g)



(10)



Yt (g) , Nts (g)



(11)



wts (g) = (1 − α − γ)mct (g) where



mct (g)



(7)



stands for real marginal costs.



Combining (8) and (9), (10) and (11) and taking derivatives of the eort functions
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(6) and (4) result into:



1 , κ est (g) = φ1 . eut (g) =



(12) (13)



Verbally, in a world without a binding minimum wage the optimal eort levels are constant over the business cyclea typical result for logarithmic eort functions (Solow, 1979). After realizing that every rm acts in the same manner, I insert the optimal eort levels into the eort functions to obtain the corresponding wage equations.



For the



skilled labor it looks like:



s ln wts = Φ0 + Φ1 ln wt−1 − Φ2 ln zts + Φ3 ln qts ,



with



Φ0 =



φ1 −φ0 , φ1 +φ2



Φ1 =



−φ3 φ1 +φ2



> 0, Φ2 =



φ4 φ1 +φ2



> 0,



and



Φ3 =



−φ5 φ1 +φ2



(14)



> 0.



The wage of



the unskilled is more interesting:



wtu = exp(1 + χ)qtu . The wage depends only on two factors: the felicity parameter benet



qtu .



First, if the unskilled individuals experience strong social stigma when they



are unemployed (χ



1/κ.



χ and the unemployment



< 0),



the rms lower the wage while requiring the same eort



Symmetrically, if the fact of having more time during unemployment causes high



utility (χ



> 0),



the rms are forced to pay a higher wage to satisfy the participation



constraint. Second, the impact of unemployment benets is a key insight of the model. The government indirectly dictates the competitive wage of the unskilled through the size of unemployment benets.



In other words, even if a binding minimum wage is



absent, the government sets the wage of the unskilled. For a practical policy, it means that instead of introducing a minimum wage the government can drive up the unskilled wage by increasing the unemployment benets. For further analysis, let's denote the derived unskilled wage as a wage arising on a competitive market:



wtu,CM = exp(1 + χ)qtu . Despite of the possibility to just increase the unemployment benets



(15)



qtu ,



the gov-



min ernment introduces a minimum wage wt which is only binding on the unskilled labor
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4



market :



wtu,CM ≤ wtmin ≤ wts . Therefore, the real unskilled wage is:



wtu = wtmin .



(16)



After the introduction of the minimum wage, the behavior of rms is described by (7), (6), (9), (10), and (11). The skilled eort is still held constant over the business cycle; hence, the wage equation (14) remains valid, too. issues arise by the unskilled workers.



Again the more interesting



The rms decide on the number of unskilled



employees according to (9).



Additionally, they also specify the unskilled eort level



in the employment contract.



Because the rms have to pay higher wages than they



would like, they require higher unskilled eort. still binding.



The participation constraint (3) is



The equation (6) shows that a higher minimum wage leads to higher



specied eort by the unskilled. This result is in the tradition of institutional economics. Lester (1946) already documented that after a minimum-wage increase rms improve eciency through better production methods, organization, supervision, incentives, and workloads. More recent empirical evidence on the higher eort is presented in Hirsch, Kaufman and Zelenska (2015). The authors show that after a minimum-wage increase employers sharpen performance standards, change work schedules and try to boost morale and team spirit. The pricing decision of the intermediate-goods rms is standard. The prot-maximization problem with Rotemberg (1982) adjustment costs has the following form:



(  −θ  −θ f (t) P Pt (g) Pt (g) 0 1 s t max E0 (β ) Pt (g) Yt − Pt mct (g) Yt {Pt (g)}∞ f1 (0) Pt Pt Pt t=0 t=0  2 ) Pt (g) Ξ −1 −Pt . 2 Pt−1 (g) ∞ X



Because all rms in the intermediate sector make decisions in the same way, I can write the rst-order condition as:



s



Yt (1 − θ + θmct ) + β ΞEt 4







f1 (t + 1) (Πt+1 − 1)Πt+1 f1 (t)



I assume every rm really pays the minimum. 13



 = Ξ(Πt − 1)Πt .



1.3



The Government



The government is responsible for ve areas of public policy. First, it buys the nal good to cover its consumption



Gt : ¯ exp(G Gt = G t ), G G G G t = ρ t−1 + νt .



Second, the government issues bonds; nonetheless, its objective is to hold the real value of debt constant over the business cycle:



{¯b}∞ t=0 .



Third, it designs the social-



u s ∞ security system: {qt , qt }t=0 . The wage of the skilled is the basis for calculations of the unemployment benets:



qtu = η u exp(ηt )wts , qts = η s exp(ηt )wts ,



(17)



ηt = ρη ηt−1 + νtη , where



0 < η u < η s < 1.



Fourth, the government adjusts the proportional income tax to



balance its budgetcapital, bond, and dividend incomes are exempted from the tax:



τt wtmin Ntu



+



τt wts Nts



  1 + it−1 ¯ −1 = Gt + b Πt + (1 −



τt )qtu



(ωLut



−



Ntu )



+ (1 −



τt )qts



h i s s (1 − ω)Lt − Nt .



Fiscal expenditures stand on the right-hand side of the equation, revenues on the lefthand side. Finally, the government sets the minimum wage using a simple rule:



wtmin = (1 + λ) exp(λt )wtu,CM , λt = ρλ λt−1 + νtλ , with



λ > 0.



In economic terms, the government chooses a wedge between the minimum



and the competitive unskilled wage.



1.4



The Central Bank



The central bank has a dual mandate and follows a simple interest-rate rule. It practices interest-rate smoothing and responds to ination and economy-wide unemployment
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rate:



¯ − (1 − ψi )ψz (zt − z¯) + ν i . it − ¯i = ψi (it−1 − ¯i) + (1 − ψi )(1 + ψΠ )(Πt − Π) t 1.5



Aggregation



The overall consumption can be written as:



Ct = ωCtu + (1 − ω)Cts . Because only the skilled households invest into capital, buy bonds and possess shares, the following relations hold:



It = (1 − ω)Its , Kt = (1 − ω)Kts , bt = (1 − ω)bst , dt = (1 − ω)dst = Yt (1 − mct ) −



Ξ (Πt − 1)2 . 2



Of course, the general resource constraint has to be valid; hence, GDP is split between consumption, investment, government purchases, and Rotemberg adjustment costs:



Yt = Ct + It + Gt +



Ξ (Πt − 1)2 . 2



In equilibrium the labor demand has to equal the number of employed individuals:



Ntu = ωLut (1 − ztu ),



(18)



Nts = (1 − ω)Lst (1 − zts ).



(19)



From the last two equations, it again becomes clear how unemployment arises in this model. The heads of the households send household members to the labor force, and the rms decide how many of them to hire. Unfortunately, not everybody in the labor force gets a job; therefore, some individuals are drifted into unemployment. Furthermore, the economy-wide unemployment rate is calculated as a fractionthe number of unemployed divided by the size of the labor force:



zt =



ωLut ztu + (1 − ω)Lst zts , Lt 15



(20)



Lt = ωLut + (1 − ω)Lst .



(21)



Finally, the total employment is:



Nt = Ntu + Nts . All equations which describe the model's equilibrium are summarized in the appendix A. To obtain a solution for the stochastic setup, the model is numerically linearized around the non-stochastic steady state.



2



Estimation



The model is estimated using U.S. data for the period 1983:Q12013:Q3. In the U.S. there are several types of minimum wages: federal, state, and local. The minimum in this model doesn't allow for any exemptions and covers the whole economy; therefore, the federal type roughly corresponds to the model's notion of a minimum wage. Moreover, there is enough data related to the federal minimum which enables to nd the correct parameter values. As a result, the model's minimum wage is a synonym for the federal minimum. The selected time period reects the possibility of a structural break around 1980 and the existence of a unied federal minimum wage since 1978. To be as clear as possible, let's dene a vector



µ which contains all model parameters



and consists of three subvectors:



h i µ = µ1 µ2 µ3 (¯ y , µ1 , µ2 ) . I calibrate the parameters in



µ1



and estimate the parameters of



µ2 .



The remaining



µ3 ; I express them as functions of steady-state values y¯ and parameters coming from µ1 and µ2 . The following parameters enter the vector µ1 :



model parameters are included in



h i s u s µ1 = ω β φ1 λ η η α δ θ . I calibrate them in the following way.



The share of unskilled households



ω



is recov-



ered by knowing several steady-state values and by taking advantage of the model structure.



To be more specic, I get the economy-wide steady-state labor-force par-



¯ ticipation and unemployment rate from the data (L 16



= 0.66, z¯ = 0.063).



Further-



Parameter



Description



Value



ω βs φ1 λ ηu ηs α δ θ



share of unskilled households



0.0860 0.9891 1.0000 0.1500 0.2000 0.5000 0.3300 0.0250 6.0000



discount factorskilled eort reaction to own wageskilled wedge of minimum wage replacement rateunskilled replacement rateskilled capital share capital depreciation rate price elasticity



Table 2: Calibrated Parameters (µ1 )



more, historically around ve percent of employees work for the federal minimum wage



¯ (N



u



¯u + N ¯ s ) = 0.05). /(N



Additionally, I have information on the ratio of labor-



force participation and unemployment rates between unskilled and skilled individu-



¯ als (L



u



¯ s = 0.6, z¯u /¯ /L z s = 2.06).



I look at individuals with less than a high-school



diplomaunskilledand individuals with some collegeskilledto obtain these ratios. Because such data is only available from 1992 onward, I prefer the ratios to the direct rates. The nal ingredient is to combine the labor-market conditions (18), (19),



5



(20), and (21) to gain one equation



with one unknown



ω.



For the just mentioned



steady-state values, the equation has a unique solution on the interval



[0; 1].



¯ While the steady-state ination rate equals to zero (Π produces a nominal interest rate of 1.1% in the steady parameter



φ1



= 1), the discount factor β s state (¯ i = 0.011). The eort



doesn't impact the model dynamics; it only scales the output. In other



words, the GDP is multiplied by



φ1−α−γ ; 1



hence, I set



φ1



equal to one.



The biggest challenge of the calibration is to assign a reasonable value to



λthe



wedge between the unskilled competitive wage and the minimum. Ideally, one would like to have a counterfactual of the federal minimum wage. In other words, it would be desirable to know the competitive unskilled wage



5



The equation has the form:



wtu,CM .



Probably the only tractable



   ¯u  u ¯u N L z¯ 0 = (1 − ω) ¯ u ¯s ω L ¯ s z¯s − z¯ + (1 − ω)(1 − z¯) N +N    ¯u u   ¯u ¯u L N L z¯ z¯u + ω ¯s . ¯u + N ¯s − 1 ω L ¯ s z¯s (1 − z¯) + (1 − ω) 1 − z¯ z¯s L N
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way how to assess its size is to focus on wages which are paid to illegal farmworkers. Such data is collected by the National Agricultural Workers Survey and is available for the scal years 19892009. There are good reasons to believe that unauthorized workers receive a competitive wage.



First, because they work illegally, no employer has an



incentive to follow any other labor-market regulations. Second, illegal employees cannot enforce minimum-wage rules while staying unauthorized in the U.S. Put it dierently, there is a very good chance to observe a competitive wage in this segment of the labor market.



However, every illegal farmworker isn't automatically unskilled.



Hence, I



concentrate on the rst half of illegal farmworkers' wage distribution. The rst and the ftieth percentile are plotted in gure 1. Because the median wage lies above the federal
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Figure 1: Hourly-Wage Distribution of Unauthorized Farmworkers (Source: NAWSPAD 19892009). The plotted federal minimum wage is an average weighted by number of months.



The grey vertical lines represent scal years in which the federal minimum



wage was increased.



minimum in every scal year, and by denition the median is inappropriate for calibrating



λ.



λ



has to be strictly larger than zero,



If I assumed the unskilled competitive



wage being equal to the rst percentile, it would imply an average wedge consequence,



λ



should lie somewhere on the interval



of 0.3. In



Therefore, I calibrate it



to the mean of the interval (λ The remaining rates



η



u



and



η



s



= 0.15). parameters in µ1 are



(0; 0.3].



λ



straightforward to calibrate. The replacement



mimic the unemployment-benet systems of the U.S. states;
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α, δ ,



and



θ



take standard values commonly found in the literature. An overview of all calibrated



parameters is presented in table 2. Apart from calibrating parameters in



µ1 ,



I set four steady-state relations. Govern-



ment expenditure, sovereign debt, and the ratio between minimum and skilled wage are calibrated as follows:



¯ Y¯ = 0.22, ¯b/Y¯ = 0.66, w¯ min /w¯ s = 0.36. G/



Moreover, I assume



unskilled eort is identical to the skilled one in the steady state (e ¯u



= 1).



After this



calibration, the model has a unique steady state; some of its values are summarized in table 3. Variable



¯ C Y¯ I¯ Y¯ ¯ G Y¯



¯ L ¯u L ¯s L z¯ z¯u z¯s



Description



Value



consumption to GDP ratio



0.5890



investment to GDP ratio



0.1910



government expenditure to GDP ratio



0.2200 0.6600 0.4101 0.6835 0.0630 0.1228 0.0596



economy-wide labor-force participation rate labor-force participation rateunskilled labor-force participation rateskilled economy-wide unemployment rate unemployment rateunskilled unemployment rateskilled



¯b Y¯



0.6600 0.4257 1.0000 0.0110



debt to GDP ratio



τ¯ ¯ Π ¯i



tax rate gross ination rate nominal interest rate



Table 3: Steady-State Values



Now let's focus on parameters which are estimated by Bayesian methods. The vector



µ2



has the following elements:



" µ2 = σ u



σs



Υu



Υs



Φ1 1 − Φ3



Φ2 1 − Φ3



Φ3 1 − Φ3



Ξ ψi



ψΠ



ψz



ρA



ρJ #



ρG



ρλ



ρη



SD(νtA ) SD(νtJ ) SD(νtG ) SD(νti ) SD(νtλ )



SD(νtη )



.



I don't directly estimate parameters of the skilled-wage equation (14) but a combination of them. I plug the unemployment-benet system (17) into the skilled-wage equation



19



(14) to obtain:



ln wts =



Φ0 Φ3 Φ1 Φ2 Φ3 η s + ln η s + ln wt−1 − ln zts +  . 1 − Φ3 1 − Φ3 1 − Φ3 1 − Φ3 1 − Φ3 t



(22)



Here I can apply standard independent priors on the parameter combinations to rule out domains which would allow for explosive skilled wages. The remaining model parameters are expressed as functions of steady-state values and of calibrated or estimated parameters:



h µ3 (¯ y , µ1 , µ2 ) = ζ u (¯ y , µ2 ) ζ s (¯ y , µ2 ) κ(¯ y , µ1 ) χ(¯ y , µ1 ) γ(¯ y , µ1 )



i



Φ0 (¯ y , µ1 , µ2 ) 1−Φ3



The functions look like:



 u ¯ u σ −1 1 − L ζ u (¯ y , µ2 ) = , σu −1 (C¯ u )σu u ¯ 1−L + L¯ u ¯s 1−L



s



ζ (¯ y , µ2 ) =



¯s 1−L



σs −1



σs −1



+ (1 − τ¯) [(1 − z¯s ) w¯ s + z¯s q¯s ] C¯ s



σs −1 ,



1 + ln (1 + λ) , e¯u  min  w¯ χ (¯ y , µ1 ) = ln − ln ((1 + λ) η u ) − 1, s w¯ κ (¯ y , µ1 ) =



min



γ (¯ y , µ1 ) =



(1 − α) w¯w¯s w ¯ min w ¯s



+



¯s N ¯u N



,



  Φ3 Φ2 Φ0 Φ1 s (¯ y , µ1 , µ2 ) = − ln η + 1 − ln w¯ s + ln z¯s . 1 − Φ3 1 − Φ3 1 − Φ3 1 − Φ3 The model features six structural shocks; therefore, I work with six observables. These are the key New-Keynesian variablesoutput, ination, interest rateand variables of the labor marketunemployment rate, skilled wage, and federal minimum.
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.



The observables are dened in the following manner:



   ln Yt − ln Yt−1 Ytobs   obs   ¯     Πt Πt − Π       iobs   i     t t = .  obs       zt z t      ws,obs   ln ws − ln ws     t t t−1  min,obs min min wt ln wt − ln wt−1 



The data requires several transformations to match the model observables.



I build



growth rates of real GDP per capita and growth rates of real wages which are both demeaned because there is no deterministic growth path in the model. The ination rate is also demeaned to correspond with zero steady-state ination. Next, the federal funds rate is divided by four to be in agreement with



it .



The unemployment rate can



stay untransformed. Appendix B shows the exact time series I use. Now let me describe the priors I choose for the Bayesian estimation. Because I want to ensure home-produced goods and market goods are substitutes, the prior domains of felicity parameters



σu



and



σs



have to be



[0; 1]



intervals.



Furthermore, unskilled



individuals experience a higher volatility of labor-force participation than their skilled counterparts. To reect this stylized fact of the U.S. labor market, the external habit formation of the labor-force participation has to be stronger by the skilled households. Thus, the prior mean of



Υu



Υs . As already pointed out, Φ1 /(1 − Φ3 ), Φ2 /(1 − Φ3 ), and Φ3 /(1 − Φ3 ),



is smaller in comparison to



I use independent priors for parameters



which appear in the transformed skilled-wage equation (22). Put it dierently, a priori



˜ 1 and Φ1 and Φ2 are products of two random variables: Φ1 = (1 − Φ3 ) Φ ˜ 2. Φ ˜ 1 and Φ ˜ 2 then follow the same prior distribution as Φ1 /(1 − Φ3 ) Φ2 = (1 − Φ3 ) Φ and Φ2 /(1 − Φ3 ), respectively. Before I dene priors for the price-adjustment parameter Ξ and standard deviations of structural shocks, I simulate the model for their dierent values. This exercise leads me to two conclusions. First, the prior mean of Ξ should



I believe that



be relatively small; otherwise, the price behavior is substantially subdued.



I set the



prior mean equal to ve but allow for much bigger values by choosing a large standard deviation of the prior. Second, the model is more sensitive to certain shocks; therefore, their prior means vary. The remaining priors for the interest-rate rule and persistence parameters are standard. All priors and obtained posteriors



6



6



are shown in table 4. The



I use the Dynare implementation of random-walk Metropolis-Hastings algorithm (Adjemian et al., 21



corresponding graphical depictions are in appendix C.



Prior Distribution



σu σs Υu Υs



beta



Φ1 1−Φ3 Φ2 1−Φ3 Φ3 1−Φ3



beta



Ξ ψi ψΠ ψz ρA ρJ ρG ρλ ρη SD(νtA ) SD(νtJ ) SD(νtG ) SD(νti ) SD(νtλ ) SD(νtη )



gamma



beta gamma gamma



gamma gamma



beta gamma gamma beta beta beta beta beta inverse gamma inverse gamma inverse gamma inverse gamma inverse gamma inverse gamma



Posterior



Mean



St.Dev.



Mode



5%



0.5000 0.5000 5.0000 10.0000 0.7500 0.3000 0.3000 5.0000 0.5000 0.6000 0.2000 0.7500 0.7500 0.7500 0.7500 0.7500 0.0050 0.1000 0.1000 0.0050 0.0500 0.0500



0.2000 0.2000 4.0000 4.0000 0.1500 1.0000 1.0000 4.0000 0.2000 0.4500 0.1500 0.1500 0.1500 0.1500 0.1500 0.1500 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000



0.2181



0.0606 0.2533 0.0003 4.2920 0.7226 0.0680 0.4642 0.0075 0.2416 0.1366 0.0004 0.9583 0.9115 0.3838 0.8738 0.9712 0.0027 0.0464 0.1077 0.0029 0.0216 0.0073



0.3922 0.0633 7.4102 0.8926 0.1136 0.7448 0.1773 0.4626 0.1700 0.0048 0.9767 0.9591 0.6337 0.9254 0.9906 0.0030 0.0742 0.1371 0.0034 0.0239 0.0090



Mean 0.2033 0.4259 0.7883 8.7090 0.8531 0.1349 0.8845 0.4448 0.3874 0.1984 0.0072 0.9744 0.9509 0.5583 0.9245 0.9848 0.0032 0.0914 0.1669 0.0039 0.0243 0.0091



95%



0.3284 0.5821 2.3319 12.8301 0.9910 0.1980 1.2926 0.8936 0.5487 0.2576 0.0135 0.9910 0.9938 0.7394 0.9778 0.9982 0.0035 0.1375 0.2243 0.0048 0.0269 0.0110



Table 4: Priors and Posteriors



In general, the posteriors feature a clear departure from priors and have reasonably small 90% intervals. The estimation delivers four noteworthy ndings. First, unskilled households aren't practically confronted with an external habit in labor-force participation. The posterior of



Υu



is positioned closed to zero. Second, prices exhibit very



Ξ is smaller than 1 with a probability larger than 95%. parameters of the interest-rate rule ψΠ and ψz reveal the Federal



small stickiness. The parameter Third, the estimated



Reserve is dovish on ination and doesn't react to unemployment rate. standard deviation of the government expenditure shock



νtG



Fourth, the



is quite large. However,



2011) with two MCMC sequenceseach with 100,000 draws. I discard the rst half of the draws. The acceptance rates are: 0.2951 and 0.2874. 22



this is not surprising because the model has no preference, investment, or trade shock. It tries to explain the movement in the data; nevertheless, there is only one demand



A shock available. The other shocks have either a supply character (νt , i by the policy (νt ,



νtJ ) or are driven



νtλ , νtη ).



Because I am interested how the skilled wage depends on its past value, on the skilled unemployment rate, and on the skilled unemployment benets, I recover the posteriors of



Φ1 , Φ2 ,



and



Φ3 .



Their graphical representation can be found in gure 2;



their means and 90% intervals in table 5.
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Figure 2: Posteriors of Parameters from Skilled-Wage Equation. The blue solid lines depict the posteriors; the gray dashed lines represent the unconditional priors.



Posterior



Mean 95% 0.3111 0.4640 0.5878 0.0502 0.0696 0.0980 0.3491 0.4566 0.5992 5%



Φ1 Φ2 Φ3



Table 5: Posteriors of Parameters from Skilled-Wage Equation



posterior means is as follows. If the past real skilled wage increases by 10%, the today's real skilled wage increases by 4.6%. An increase of real skilled unemployment benets
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has a comparable eect. If the skilled unemployment rate jumps from its steady-state level 5.96% to 10%, the real skilled wage drops by 3.6%. I carry out a rough check to see whether the model can replicate the behavior of observables I use for estimation. Concretely, I generate articial data



7



at posterior means



and calculate the corresponding standard deviations, cyclicalities, and autocorrelations. Table 6 makes clear the model performance is satisfactory despite its stylized features.



Real Data



Articial Data



0.0065



0.0075



SD(Ytobs ) (a)



Ytobs Πobs t iobs t ztobs wts,obs wtmin,obs



(b)



(c)



(a)



1.00 1.00 0.49 0.38 0.15 0.62 1.14 0.30 0.97 2.42 0.04 0.95 0.45 −0.08 0.57 3.54 −0.15 0.10



Table 6: Model Performance.



(b)



(c)



1.00 1.00 0.38 1.25 0.26 0.65 1.21 0.25 0.99 3.00 −0.06 0.98 0.49 0.17 0.24 3.57 −0.08 −0.04



(a): relaYtobs ; (c): autocorrelation at the rst lag. Real data: 1983Q12013Q3; articial data: simulated



tive standard deviation to



Parameters take values of posterior means.



SD(Ytobs );



(b): contemporaneous correlation with



10,000 periods, the rst 100 dropped.



However, there are two empirical ndings which the model can hardly replicate. First, the generated ination is substantially more volatile.



The reason is trivialthe es-



timated price-adjustment costs are very small. Second, the generated unemployment rate should be less volatile. One could include hiring and ring costs to dampen the movement in the labor demand and so to calm the unemployment rate. After the estimation, I also recover the structural shocks at posterior means. If one assumes the model isn't heavily misspecied, the obtained shocks can be interpreted in the model framework. This strategy enables to gain some approximate information how the wedge



λ and the replacement rates η u



their historical



8 values



The highest wedge



and



ηs



have evolved over time. I present



in gure 3.



λt



between the competitive unskilled wage and the minimum



existed in 1997:Q4 and was 33.32%. The U.S. economy experienced the smallest wedge



7



I create 10,000 periods and drop the rst 100. = (1 + λ) exp( ) − 1; η = η exp( ); η = η



8λ



t



λ t



u t



u



η t



s t
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Figure 3: Wedge



λ



1993



1997



2001



and Replacement Rates



ηu



2005



ηs



and



2009



over Time.



2013



The grey vertical



lines represent quarters in which the federal minimum wage was increased.



during 2007:Q2 when it was 0.36%. The most interesting insight is the development of the wedge after the Great Recessionit hasn't decreased since the federal minimum hike in 2009:Q3 and has stayed around 20%. Because the real minimum wage has declined since then, and the relation



wtmin = (1 + λt )wtu,CM



u,CM unskilled wage wt has decreased as well.



has to hold, the real competitive



This would be in accordance with the



general idea of a loose labor market of that period. From this perspective, there was no reason to think about a possible increase of the federal minimum in the years after



9



the Great Recession despite its decreasing real value.



The wedge



λt



has lied above its



steady-state level of 15%. In the light of these ndings, one should be skeptical about the proposals to automatically increase minimum wages according to some ination measures. If such an automatic adjustment had been implemented, the real minimum wage would have stayed constant, and the wedge



λt



would have increased. As a result,



a higher unemployment rate would have unfolded. The replacement rates



ηtu



and



ηts



have been most of the time under their steady



states. Amid the nancial crisis they clearly increased. The larger replacement rates can be seen as a try to match the fact of extended unemployment benets. Because I don't account for unemployment duration, the most natural way how to translate such



This counters the view of IMF (2014) which argues the U.S. federal minimum wage is historically and in international comparison small and should be increased to ght poverty. 9
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a policy into the model is to increase the replacement rates.



3



Minimum-Wage Increase



In this section, I fully focus on a temporary increase in the real minimum wage. When the government decides to change the minimum wage, it raises the nominal value of the minimum. The real value, of course, increases as well. Because economies experience ination, the real minimum wage returns step by step to its previous level. In the model framework, it means to temporarily hike the wedge Concretely, I increase



λ



λ



by shocking the AR process



from 0.15 to 0.2 on impact and let the shock die out.



λt .



The



corresponding impulse responses are depicted in gure 4. The higher wedge



λ raises the real minimum wage by 4.25%.



The notional unskilled



competitive wage doesn't signicantly alter because there is just a very small skilledwage reaction:



wtu,CM = exp(1 + χ)η u exp(ηt )wts .



higher minimum wage.



The rms are now forced to pay a



They react by adjusting their employment contracts and, as



predicted by institutional economics, start to require tougher performance standards from the unskilled workers. Thus, the unskilled eort lies 3.73% above its steady state. The minimum is only binding for the unskilled workers; therefore, uninterruptedly the rms nd it optimal to hold the skilled eort constant. The unskilled unemployment rate increases by 3.85 percentage points.



The rms



lay o the unskilled workers for two reasons. First, the unskilled workers become more expensive.



Second, because of higher supplied eort there is no need for so many



unskilled workers.



The total unemployment rate increases just by 0.21 percentage



points because the unskilled households represent only 8.60% of the economy. employment elasticity of the directly aected unskilled workers is total employment equals



−1;



The



the elasticity of



−0.05.



After the minimum-wage hike, the unskilled individuals don't ood the labor market; their labor-force-participation increase is very modest. The unskilled households contemplate two aspects. On the one hand, the unskilled households are richer due to the higher minimum and desire to reallocate some household members from the labor force into the home production. On the other hand, the home-produced goods become more expensive in relative terms.



At the end, the substitution eect dominates the



income eect, and the unskilled labor force slightly increases. Despite of the higher unskilled unemployment rate, the total unskilled income in-
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Figure 4: Impulse Responses to a Temporary Increase of the Wedge
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Figure 4 (continued):
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creases because of the higher minimum wage. Recall that the unskilled households are rule-of-thumb consumers. So there is a one-to-one relationship between the unskilled income and the unskilled consumption. Hence, the unskilled consumption rises by 2.23%. Consequently, aggregate consumption stays negligibly above its steady state for three quarters. In general, more expensive inputsthe increased minimum wagelower economic performance. Additionally, the economy enters a period of higher unemployment rates. Unemployment benets cannot substantially fall because they are linked to the skilled wage. To balance the budget, the government has to raise the distortionary tax rate. This puts an extra drag on the economy. These two adverse eects are stronger than the boost triggered by the bigger unskilled consumption; hence, the GDP unavoidably decreases.



The drop in output comes along with a smaller return on capital.



The



skilled households decide to invest less. Due to lower sales and higher marginal costs, the prots decrease as well. The sluggish total demand results into layos by skilled individuals, which in turn increase the skilled unemployment rate. Because the skilled wage depends negatively on the skilled unemployment rate, the skilled wage sinks. As a consequence, the labormarket participation becomes less attractive for the skilled individuals.



The skilled



households deal with falling dividends, smaller return on capital, and decreased income from the labor force. The skilled households, whose behavior is Ricardian, smoothly reduce their market-goods consumption. Overall, the increase in the minimum wage mainly impacts the unskilled households. In contrast, the skilled households and aggregate variables are only slightly inuenced. From the monetary perspective, the minimum-wage hike isn't a concern. To see why the minimum-wage increase stokes only tiny ination, let's take a look at the Phillips curve. I can write the Phillips curve up to the rst order as:



h i  ˆ t = β s Et Π ˆ t+1 + Y θmc γ wˆ min − eˆu + α rˆK + (1 − α − γ) wˆ s − A . Π t t t t Ξ rK t The higher minimum wage



wˆtmin



increases marginal costs and pushes up ination



ˆ t. Π



However, there is an osetting eect. The rms require higher eort from the unskilled employees



eˆut



after the minimum-wage hike. This means that the minimum-wage hike



leads to higher productivity. The higher productivity keeps the ination close to the steady state.



The central bank calmly responds to the small ination and raises its



policy rate.
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I can compare the predictions of the model to CBO (2014) analysis. CBO investigates the impact of a minimum-wage increase on employment, family income, output, and federal budget. It analyzes two scenarios where one of them is closely related to the policy experiment I present in this section. The method of CBO crucially diers from mineit carries out a microsimulation exercise. It uses results from empirical literature to generate projections how the U.S. economy would react to a federal minimum-wage hike.



My general-equilibrium conclusions are at odds with the ndings of CBO in



several respects.



CBO forecasts an increase in output and a rise in employment of



higher-wage workers. In addition, CBO applies a smaller elasticity for directly aected than my model produces; it believes with a probability of the interval



4



[−0.675; 0]



by teenagers and



[−0.225; 0]



2 that the elasticity lies in 3



by adults.



Long Run



Here I analyze how the long run of the economy changes if the wedge



λ



is permanently



increased or decreased. In other words, I compare the steady states which are implied by dierent values of



λ.



It is a ceteris-paribus exercise. The government chooses the



wedge while it holds government consumption to GDP, debt to GDP, and replacement



¯ Y¯ , rates (G/



¯b/Y¯ , η u , η s )



constant.



In addition, the central bank is uninterruptedly



committed to its zero-ination target.



The tax rate



τ¯



as the only policy instrument



adjusts because the government has to satisfy its budget constraint. In gure 5, I present the calculated long runs. I allow the wedge



λ to range between



0 and 2.19; in this interval the minimum wage is only binding on the unskilled labor market:



w¯ u,CM ≤ w¯ min ≤ w¯ s .10



I obtain a series of counterfactuals of the U.S. econ-



omy and can, for instance, predict how the economy would look like without a federal minimum wage (λ



= 0).



In general, the long-run impact of



λ on the aggregate economy and skilled households



is quite small. Concretely, striking down the minimum wage would boost the potential output by only 0.08%. Investment and prots respond in the same fashion (therefore not plotted). Translated, the minimum-wage distortion causes the U.S. to lose one quarterly GDP every 313 years. Furthermore, the skilled wage



10



To fulll the requirement w¯



u,CM



≤w ¯ min ≤ w ¯s 0≤λ≤



w¯ s



decreases only negligibly with



, the following has to hold:



1 − 1. exp(1 + χ)η u
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Figure 5: Long Run for Dierent Wedges and eort are normalized to 100% at



Long-Run Utilitarian Social Welfare Function



means.
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λ; therefore, the notional competitive unskilled wage w¯ u,CM stays relatively constant: w ¯ u,CM = exp(1 + χ)η u w¯ s . Moreover, a smaller wedge λ leads to fewer claims



a higher



for unemployment benets; however, the tax rate cannot substantially fall because it is primarily in place to nance the government consumption. The unskilled households are signicantly aected. The logic behind is the same as in the previous sectionthe optimality considerations prevail. A higher wedge



λ



leads



to a more generous minimum wage, which lures unskilled individuals into the labor force. Firms reduce their sta and require tougher performance standards. The laid-o unskilled workers lack their income which is only partly replaced by the unemployment benets; meanwhile, their employed unskilled counterparts earn a higher wage. Overall, it bolsters the unskilled consumption. How would the situation of the unskilled individuals look like if there was no federal minimum? Without a federal minimum, the rms would not be forced to pay wages which they nd too high.



Nevertheless, the participation constraint of the unskilled



individuals would require the rms to lower the performance standards.



The lower



unskilled wage would decrease the unskilled income. If the unskilled income decreases, the unskilled consumption decreases as well.



Quantitatively, the unskilled eort and



the unskilled consumption would fall by 12.26% and 8.20%. Because the rms would pay lower wages to the unskilled, the rms would hire more unskilled individuals. Consequently, the unskilled would experience full employment and an increased number of work hours.



11



Now let's take a closer look at the welfare implications of the minimum wage in the long run. I dene long-run utilities of the unskilled and skilled households:



 σ u  u  1u ¯u σ σ , V¯ u = ln ζ u C¯ u + (1 − ζ u ) 1 − L   s  s  σ1s s s ¯s σ s s σ ¯ ¯ + (1 − ζ ) 1 − L . V = ln ζ C Figure 5 shows how the unskilled long-run utility grows, and the skilled one falls with the increasing



λ.



This development is primarily driven by the increasing unskilled



To be more precise, the unskilled unemployment rate is negative at λ = 0. Eort apart, I concentrate on the extensive margin; hence, the negative discrepancy between labor force and employment can be interpreted as an additional demand for work hours which are delivered by the individuals in the labor force. Or (1 − z¯ ) can be understood as a utilization rate of the unskilled labor force. The unemployment benets operate as an additional tax when negative unemployment rates show upindividuals are taxed for their "overtime". 11



u
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and decreasing skilled consumption while the labor force participations and hence the home productions are relatively stable. This underlines the redistributive nature of the minimum wage. Because one utility increases, and the other decreases, I cannot apply the Pareto criterion.



If I assume the utilities to be cardinal and interpersonally comparable in



changes, I can construct a long-run Utilitarian social welfare function of the form:



V¯ = ω V¯ u + (1 − ω)V¯ s . If the reader accepts the two assumptions, the social welfare function has a unique maximum at



λ = 0.7.



Finally, I have to admit a weakness of the long-run analysis. I handle the model parameters as being deepthey don't respond to the policy. However, this could lead to two potential problems which are both connected to the share of unskilled households



ω.



First, a higher minimum wage could dampen the incentives to accumulate human



capital and hence increase



ω.



On the other hand, a more generous minimum also results



into a higher unemployment rate, which could curb the potential increase in



ω.



At the



end, assuming a constant fraction of the unskilled households doesn't need to be so restrictive as it may seem at the rst glance. Second, I simplify the wage distribution by two wages. As a consequence, every adjustment of



λ



only aects the



ω



share of the



households. This is not a big issue by small and temporary changes. But it becomes more pronounced when speaking about large and permanent adjustments.



In such



a case, the share of inuenced households should grow together with the minimum. Therefore, one should be careful and not overinterpret the obtained results for the very high wedges



5



λ.



Conclusion



This paper quanties the macroeconomic impact of a minimum wage that is set by the government. I nd that a minimum wage sizably aects unskilled individuals. In contrast, the impact on skilled individuals and economy-wide aggregate variables is limited. The model additionally predicts that rms require higher performance from unskilled individuals after a minimum-wage hike. Let me conclude with two policy remarks. First, if the government desires to index the minimum wage to some ination measure, it should index to wage ination rather
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than to price ination. Otherwise, when prices grow faster than wages, the government increases the wedge between the minimum and the competitive unskilled wage and hence generates a higher unemployment rate. Second, a minimum wage is a redistributive tool.



I don't mean the standard ar-



gument stating that some workers earn more and some become unemployed.



I want



to stress the redistribution from the skilled to the unskilled households. The long-run analysis shows higher minimum wages improve the wellbeing of the unskilled households but decrease the welfare of the skilled households. The minimum wage impacts all households and not just the lower part of the wage distribution.
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A



Equilibrium Conditions   Ctu = (1 − τt ) wtmin (1 − ztu ) + qtu ztu Lut ζ u (Ctu )σ



u



u



1 Lu t



− (1 − ζ u )(Jt )σ (1 − Lut )σ  σ u ζ u (Ctu )σu + (1 − ζ u ) Jt (1 − Lut ) eut =



f1 (t) =



u −1



Υu = u Lt−1







1 1 χ ln wtmin − ln qtu − κ κ κ ζ s (Cts )σ



s −1



 σs ζ s (Cts )σs + (1 − ζ s ) Jt (1 − Lst ) s



s
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  Υs f2 (t) + f1 (t)(1 − τt ) wts (1 − zts ) + qts zts = s Lt−1







 Lst −1 Lst−1



Jt = exp(Jt ) Jt = ρJ Jt−1 + νtJ Yt = At Ktα (eut Ntu )γ (φ1 Nts )1−α−γ rtK = αmct



Yt Kt



wtmin = γmct



Yt Ntu



wts = (1 − α − γ)mct s
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Yt Nts
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 = Ξ(Πt − 1)Πt



At = exp(A t ) A A A A t = ρ t−1 + νt



wtu,CM = exp(1 + χ)qtu



ln wts =



Φ0 Φ3 Φ1 Φ2 Φ3 η s + ln η s + ln wt−1 − ln zts +  1 − Φ3 1 − Φ3 1 − Φ3 1 − Φ3 1 − Φ3 t
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qtu = η u exp(ηt )wts qts = η s exp(ηt )wts ηt = ρη ηt−1 + νtη



τt wtmin Ntu



+



τt wts Nts



  1 + it−1 ¯ = Gt + b −1 Πt h i + (1 − τt )qtu (ωLut − Ntu ) + (1 − τt )qts (1 − ω)Lst − Nts



¯ exp(G Gt = G t ) G G G G t = ρ t−1 + νt



wtmin = (1 + λ) exp(λt )wtu,CM λt = ρλ λt−1 + νtλ



¯ − (1 − ψi )ψz (zt − z¯) + ν i it − ¯i = ψi (it−1 − ¯i) + (1 − ψi )(1 + ψΠ )(Πt − Π) t



Ct = ωCtu + (1 − ω)Cts



Kt+1 = (1 − δ)Kt + It



dt = Yt (1 − mct ) −



39



Ξ (Πt − 1)2 2



Yt = Ct + It + Gt +



Ξ (Πt − 1)2 2



Ntu = ωLut (1 − ztu ) Nts = (1 − ω)Lst (1 − zts )



zt =



ωLut ztu + (1 − ω)Lst zts Lt



Lt = ωLut + (1 − ω)Lst Nt = Ntu + Nts



B



Data



I use U.S. data for the period 1983:Q12013:Q3.
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Figure 6: Priors and Posteriors. Gray solid lines represent priors; black solid lines stand for posteriors; green dashed lines depict modes.
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Figure 6 (continued): Priors and Posteriors.
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Figure 6 (continued): Priors and Posteriors.
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solid lines stand for posteriors; green dashed lines depict modes.
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