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1 Introdution\As a result of strutural hange triggered by globalization, it is partiularly the lowskilled workers who are falling through the raks of the labor market."1Reently, ontinental European labor markets are faed with the problem of highand inreasing unemployment. In partiular, the observed unemployment rates arealmost determined by a dereasing demand for low skilled workers. Furthermore,sine the enormous inrease in unemployment during the 1970s and 1980s, unem-ployment is partiularly determined by strutural or long-term unemployment.2 Oneexplanations of this pattern is eduational mismath. That means, in an eonomythat is faed with strutural hanges due to an inreasing importane of knowledgebased industries the level of eduation beomes the most important determinant ofjob reation and the employment pattern of an eonomy. A seond explanation ofthis pattern is that ontinental European ountries exhibit rather rigid labor marketinstitutions that prevent wages to adjust exible in response to demand shifts orthat raise reservation wages of unemployed workers beause of too generous unem-ployment and soial bene�t payments.Beause of the fat that the observed unemployment rates exhibit strong pathdependeny and, furthermore, that skills an not be generated in a rather short timehorizon, ontinental European labor market politiians are faed with the questionwhih poliy might support the inrease of the employment status of low skilledworkers. Reently, two strategies are in the German politio-eonomi disussion.The �rst one onerns the introdution of ombined wages and minimum wage rules.This strategy attempts to de�ne minimum wage rules for low skilled workers whihare subsidized by the government or the employment authority. Furthermore, aseond attempt of this strategy is to inrease the worker's earnings by this subsidyup to an average wage level. The seond poliy disussed onerns the redutionof labor market regulations. In partiular, employment protetion mehanisms likedismissal protetion shall be redued for spei� groups of workers.Of ourse, the e�ets of minimum wages and employment protetion mehanismson the employment pattern are well known from miroeonomi analysis. However,1See K. Zimmermann, IZA Compat, 01/06.2For Germany long term unemployment, i.e. a duration of unemployment for more than 12months, aounts in 1990 (2004) for 46.8 % (51.8 %) of German unemployment. For omparison,for the U.S. 5.5% an 12.7 % are reported. Furthermore, the OECD average remaind rather onstantaround 31 %. See OECD (2005) for further details.1



the outomes of the above mentioned poliies are not studied within a dynamiframework whih also onsiders strutural hange due to tehnologial progress. Forexample, one ould argue that, whether inreases in produtivity are high enough oreven rather low skill biased, then low skilled employment might inrease regardlessthe wage struture determined by poliy makers.Based on reent �ndings of Rubart (2006) we develop a dynami general equilib-rium model whih aounts for heterogeneous labor and equilibrium unemploymentdue to searh and mathing fritions where wages are set by a Nash-bargainingproedure. This rather standard framework is, furthermore, enlarged by the intro-dution of a minimum wage rule and a dismissal protetion mehanism due to �ringosts.The importane of rigid wages is based on the �ndings of Hall (2003, 2005b)and Shimer (2004) who show that rigid wages that prevent wages to adjust exibleimprove the performane of a searh and mathing framework to aount for key fatsof the business yle. However, the studies ited above assume a wage onerningthe ontrat length an onsider a homogeneous type of labor, only. However, whenminimum wages or rigid wage distributions are onsidered one has to distinguishbetween di�erent types of labor. In partiular, we �nd rather �xed wages at thelower tail of the wage distribution, i.e. for the wages earned by low skilled workers. Alosely related examination is given by the work Pierrard and Sneessens (2003, 2004)who disuss the e�ets of rigid relative wages in order to explain the unemploymentpattern of low skilled workers in Belgium.The seond innovation of this paper is the onsideration of employment prote-tion mehanisms due to the introdution of �ring osts. This extension is partiularlybased on the suggestions by Saint-Paul (1996), Kohns (2000) and Delaroix (2003).There, we assume that �rms have to pay a `�ring tax' to the government whenthey attempt to lose a job. Then, the government pays a lump-sum transfer tounemployed workers. This framework enables further to onsider two important la-bor market poliies, employment protetion and unemployment bene�ts, in a singlemodel.The remainder of this paper is organized as follows, in setion two we presenta olletion of stylized fats of OECD labor markets. In setion three the basiframework of the model is introdued. The model extensions by minimum wagesand �ring osts are disussed in setion �ve. Setion six onludes.
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2 Stylized FatsA general explanation that oinides with the observed pattern of the employmentstatus of di�erent kinds of workers is the hypothesis of the so-alled skill-biasedtehnologial hange, i.e. that new tehnologies inrease the demand for skilledworkers and lower the demand for low skilled workers although the supply of skilledworkers inreased (see e.g. Autor et al. (1998), Katz and Autor (1999), or Aemoglu(2002) for detailed surveys). Reently, the inreased investment in information andommuniation tehnologies are seen as suh a major tehnologial advane. Themost important indiator of the existene of skill biased tehnologial hange is theinrease of the wage spread between high and low skilled workers. Table 1 below,summarizes the main arguments of the SBTC - hypothesis for four OECD ountries.Table 1: Eduation, Employment and Demand for SkillsUnemployment Labour Fore Partiipation Supply and Demand for Skillstotal less upper tertiary less upper tertiary degrees in wage spreadseondary seondary seondary seondary tert. edu. OECD own al.Frane1971-82 { | | | | | | | | |1982 7.7 | | | | | | 8.3 1.94 |1988 9.9 | | | | | | 11.8 1.99 |1995 11.6 14.0 8.9 6.5 60.3 82.8 87.7 | 1.99 |2002 8.9 11.8 6.8 5.2 65.7 81.5 89.1 12.0 | |Germany1971-82 3.1 | 6.4 1.7 | | | | | |1982 5.7 | | | | | | 7.4 1.63 1.491988 6.2 13.7 6.9 7.2 45.8 61.9 78.8 9.4 1.62 1.511995 8.2 13.3 7.9 4.9 56.8 77.1 88.5 13.0 1.61 1.502002 8.7 15.3 9.0 4.5 60.1 77.3 87.5 13.0 | 1.54U.K.1971-82 5.0 | 7.5 2.4 | | | | | |1982 10.3 | | | | | | 12.0 1.74 |1988 8.7 13.1 7.4 6.7 75.5 80.5 87.3 18.3 1.82 |1995 8.7 12.2 7.4 3.7 61.8 82.1 88.8 | 1.87 |2002 5.1 8.5 4.1 2.4 57.8 82.7 90.0 18.0 | |U.S.1971-82 4.9 | 7.8 2.0 | | | | | |1982 9.7 | | | | | | 16.6 1.79 1.661988 5.5 10.1 5.9 3.0 43.8 69.9 78.2 21.5 1.88 1.811995 5.5 10.0 5.0 2.7 59.8 79.1 88.2 24.0 2.10 1.982002 5.8 10.2 5.7 3.0 63.5 78.5 85.7 28.0 | 2.00Soures: Greiner et al. (2004), Nikell and Bell (1996), OECD (1989), OECD (1993),OECD (1996), OECD (2003), OECD (2004)3



It is obvious that most of the variation in unemployment rates is found for thegroup of low skilled workers, whereas the unemployment rate for high skilled israther onstant or dereasing. Furthermore, for any ountry we �nd an inrease inthe supply of high skilled workers as well as a onstant or inreasing pattern of thewage spread. Although table 1 might lead to the onlusion that the onsideredvariables underly a steady evolution, it is shown by the data that the respetivevariables exhibit ylial variations at business yle frequenies.3The importane of labor market rigidities due to institutional settings whenanalyzing ontinental European labor markets is partiularly highlighted by Nikell(1997), Blanhard and Wolfers (2000) or Hekman (2003) who refer the rigidity ofthe labor market of ontinental European ountries as the major soure of the highunemployment and the low eonomi performane.4 However, one should orretthe statements onerning the high unemployment rates, beause we observe highunemployment rates for low skilled workers. The unemployment rate of skilledworkers is nearly the same aross main OECD ountries like the U.S., U.K., Franeor Germany, see e.g. table 1.The importane of market fritions an be explained by outward shifts of theso-alled Beveridge urve. This also inorporates mismath problems, i.e. that anunemployed worker does not math to the job beause of ertain harateristis.Whereas the Beveridge urve remains rather stable for the U.S. a signi�ant shift tothe right is observed for the German eonomy (table 1). In general, there are twoexplanations of this behavior, skill mismath, i.e. the unemployed worker does tomath to the job's requirements and to rigid labor market institutions whih raisethe worker's reservation wage above the wage he would be employed as, for example,shown by Blanhard and Wolfers (2000) or Hekman (2003).
3See Lindquist (2004) or Rubart (2006) for reent studies of the ylial variations of relativewages and relative employment.4A further explanation given by Blanhard and Giavazzi (2003) who state that high produtmarket rigidities also aount for the low eonomi performane. However, produt and labormarket rigidities are highly orrelated suh that the impat of eah soure is diÆult to determine.4



Figure 1: Beveridge Curve, Germany,1965.1-2005.3Soure: OECD Main Eonomi Indiators, own alulations Figure 2: Beveridge Curve, U.S.,1965.1-2005.3Soure: OECD Main Eonomi Indiators, own alulationsLabor Markets are haraterized by various kinds of institutions. In general,these institutions determine the behavior of key outomes of this partiular market,for example the transition rates in and out of employment, the evolution of longterm unemployment, and, in partiular, the wage setting proedures.5Aording to Nikell et al. (2003) labor market institutions are treated in generalas: unemployment bene�ts, trade unions (union density), employment protetion,labor taxes and all kinds of wage inexibility. As, amongst others, shown by Blauand Kahn (2001) an important fator determining the wage distribution is the ex-istene of minimum wages, too.6 Although the existene of minimum wages is veryimportant, there is a lak of time series data of this variable.In this study, we onentrate partiularly on two main indiators: union densityand bene�t replaement rates.7 The impat of trade union power is examined ata higher extend, beause trade unions have an important impat on the U.S. andGerman wage setting. The main di�erene in the harateristis of trade unions isthat in the U.S. unions a�et the wage setting on the �rm level whereas in Germanyunions determine the eonomy wide wage setting proedure (see e.g. table 2 below).5See, for instane, Blanhard and Wolfers (2000) for a study on the role of institutions as anexplanation of the rise in European Unemployment.6See Dolado et al. (1996), Blau and Kahn (1999), and Lee (1999) or Gosling and Lemieux (2001)for detailed disussions of the impat of minimum wages in explaining the wage distribution.7Aording to Nikell et al. (2003) trade union density represents the ratio of total reportedunion members to employees and bene�t replaement rates are onstruted as bene�t entitlementsbefore tax as a perentage of previous earnings before tax. Cf. Nikell et al. (2003): 427.5



The evolution of a olletion of labor market institutions during the 1980s and1990s are desribed by table 2 below. There, it is obvious that union density hasdelined over time for eah ountry, on the other hand, the number of employeesovered by olletive wage bargaining behaves di�erently. In partiular, for Germanyand Frane we observe the highest level of bargaining overage and also an inreasein this measure. On the other hand, for the U.S. and U.K. this rate has dereased.Conerning the di�erenes how minimum wages are determined, e.g. by law orin olletive agreements, table 2 shows that the highest minimum wages are setin Germany and Frane, too. A slightly di�erent pattern is observed for bene�treplaement rates. For the U.S. and U.K. a signi�ant deline is observed whereasthis ratio remained rather onstant for the Germany and Frane. This observationoinides with the minimum wage rules whih are shown by the data for these twoountries. In partiular, suh bene�t payments determine reservation wages.Table 2: A Colletion of Labor Market InstitutionsYear U.S. U.K. Germany Frane U.S. U.K. Germany FraneEmployment Protetiona Union density1980 0.10 0.35 1.65 1.30 0.23 0.56 0.35 0.191995 0.10 0.35 1.41 1.50 0.15 0.37 0.29 0.10Bargaining Coverage Bene�t Replaement Rates1980 26 % 70 % 91 % 85 % 0.34 0.33 0.39 0.621995 18 % 47 % 92 % 95 % 0.27 0.22 0.36 0.58Minimum Wagesb0.39 0.40 0.55 0.50(1993) (1993) (1991) (1993)Soures: Nikell et al. (2003), Bierhanzl and Gwartney (1998), Dolado et al. (1996)aIndex numbers, taken from Nikell et al. (2003).bMinimum wages as a fration of average earnings (Dolado et al. (1996): 321).Table 3 ompares the unemployment insurane payments of the above mentionedOECD ountries.
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Table 3: Unemployment Bene�tsUnemployment Insurane Unemployment AssistanePayment max. Bene�ta Duration max. Bene�t Durationin USD (yearly) (months) in USD. (yearly) (months)Germanyb 60 % 30.890 12 27.286 no limitGermany 30% (min.) 21.600 no limit { {Frane 75 % 60.184 60 4.479 no limitU.K. Flat Rate 4.084 6 4.084 no limitU.S. 50 % 15.600 6 { {Soure: OECD (2002) and own alulationsaPayments in per ent of gross earnings, exept Germany (net earnings). 1999 purhasing powerparity unites are used by the OECD to alulate the USD values.bNote that the German data desribe the bene�t payments before the so-alled Hartz-IV reform.Please note, that the results shown in this table give only a very rough desription and doesnot inlude all possibilities of payments whih are o�ered by the new unemployment bene�t systemin Germany whih started in January 2005. A more detailed survey an be found, for example, inSahverst�andigenrat (2004), pp 229�..Consistent with the aggregate �ndings reported by table 2, table 3 shows thatthe most generous soial seurity payments are paid in European OECD ountries.In partiular, Frane grants the highest payments during the �rst 60 month afterbeoming unemployed. After the termination of unemployment insurane paymentsall ountries, exept Germany, pay signi�ant lower unemployment assistane pay-ments. Without loss of generality we an state that, ompared to the U.S. andU.K., Frane and Germany show the highest degree of labor market institutionsand, furthermore, the strongest relation between institutions and the wage setting.Beside the e�ets of institutions on wage setting mehanisms a further determi-nant of labor market rigidity is employment protetion legislation. By relating anemployment protetion index to the growth of relative employment, we obtain
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Figure 3: Employment Protetion and Relative EmploymentFor any onsidered ountry a signi�ant inrease of the relative employmentposition of skilled workers is reported by �gure 3.8 However, as suggested by thepositive slope of the regression line, whih states that higher employment protetiongoes at hand with an inrease in the relative employment position of skilled workers.3 The Model3.1 Basi FrameworkThe model disussed in this paper is based on the seminal work by Kydland (1984),Merz (1995) and on suggestions made by Cahu and Zylberberg (2004) as well asHekman et al. (1998). The model eonomy onsists of two setors, a householdsetor whih supplies labor and physial apital to the prodution setor. The laborfore is di�erentiated into two skill groups, high and low skilled workers, whih areassumed to be imperfet substitutes in prodution. The prodution setor onsistsof many small �rms using apital and both types of labor servies in order to produe8The data on relative employment are taken from Layard et al. (1999) for the years 1980 and1989. The growth rate is alulated as x1989=x1980 � 1. The employment protetion index istaken from the labor market institutions database by Nikell et al. (2003), the data applied in theregression are the arithmeti means of the variables in 1980 and 1989. The solid line is alulatedby OLS : onstant : 0:56(4:54), � : 0:106(1:15), R2 : 0:12, t-statistis in parentheses.8



a single good whih an be either onsumed or invested. The market for �nal goodsis haraterized by perfet ompetition, whereas the labor market is haraterizedby searh and mathing fritions. It is assumed that jobs for high and low skilledworkers are destroyed in any period at an exogenous rate  i 2 (0; 1) with i = s; u.Furthermore, we assume a two sided searh proess, i.e. both unemployed workersof eah skill group (s=skilled, u=unskilled) and �rms with vaant jobs seek for newjob mathes.The Labor marketThe eonomy's labor fore is assumed to be onstant and is normalized to one. Letni;t denote the ratio of labor of the skill group i = s; u, i.e. N = 1 = ls + lu.Eah type of labor an either be employed or unemployed, i.e. li = hi + ui. Theemployment of eah skill group evolves aording tohs;t+1 = (1�  s)hs;t +Ms;t (1)hu;t+1 = (1�  u)hu;t +Mu;t; (2)where  i 2 (0; 1) denotes an exogenous rate of job destrution and Mi;t gives thenumber of newly reated jobs in period t. New job mathes are reated through a`standard' mathing tehnology,Mi =M(si;tui;t; vi;t): (3)For simpliity it is assumed that both skill groups are separated from eah other,i.e. low skilled workers an not apply for high skilled jobs and vie versa. Themathing tehnology given by eqn. 3 implies the following transition probabilitiesfrom unemployment to employment and from an un�lled to a �lled job vaany oftype i: pi;t = Mi;tsi;t(1� hi;t) (4)qi;t = Mi;tvi;t : (5)The market tightness for eah type of worker, �i, follows as�s;t = vs;t(1� hs;t) (6)�u;t = vu;t(1� hu;t) : (7)9



With the de�nition li; t = ui;t + hi;t the respetive employment and unemploymentrates of eah skill group follow as ~hi;t = hi;t=li;t and ~ui;t = ui;t=li;t, i.e.~ui;t = 1� ~hi;t: (8)The household setorWe assume a representative household with many inhabitants. For simpliity, thetotal number of the household's members is normalized to one. The householdhooses investment in physial apital, It, and the searh intensities, si;t of therespetive skill group in order to maximize the present disounted value of its life-time utility. Household's members reeive inome from lending apital to �rms atthe interest rate rt and from having a fration of both types of its members ni;t workat the respetive wage rates wi;t. The households maximization problem reads asfollows: Ut = maxt;si;t;kt+1;hi;t+1 1Xt=0 �tU(t; hs;t; hu;t) (9)subjet tot + It +Xi �i(si;t)(1� hi;t) = Xi wi;thi;t + rtkt (10)kt+1 = (1� Æ)kt + It (11)hs;t+1 = (1�  s)hs;t + ps;tss;t(1� hs;t) (12)hu;t+1 = (1�  u)hu;t + pu;tsu;t(1� hu;t); (13)where t; kt; rt; hi;t denote onsumption, physial apital, the interest rate, and therespetive type of labor. Furthermore, si;t;  i and pi;t represent the searh intensity,the rate of job destrution and the rate an unemployed workers �nds a new job. Theosts of an unemployed worker of type i for searhing for a new job is given by thefuntion �i(si;t). If a job is produtive, the worker of type i reeives a negotiatedwage wi;t (see below). Furthermore, it is assumed that the di�erent types of workerspool their inomes whih leads to a perfet insurane against the loss of inomeduring unemployment.The prodution setorFollowingMerz (1995) �rms hoose the plans for the amount of apital they rent fromhouseholds and for the number of vaanies, vi;t they post at onstant vaany ost aiin order to maximize the present disounted value of their stream of future pro�ts.10



Firms sell their output yt at a prie that is normalized to one. The produtionfators, apital and labor are bought at the interest rate rt and the wage rate wi;t,respetively. The �rm's deision problem follows asmaxkt;vt Et 1Xt=0 �t�t�t (14)subjet to hs;t+1 = (1�  s)hs;t + qs;tvs;t (15)hu;t+1 = (1�  u)hu;t + qu;tvu;t: (16)Note that �t denotes the �rms pro�ts, i.e.�t = f(kt; hs;t; hu;t; zt)�Xi wi;thi;t � rtkt �Xi aiVi;t (17)The prodution tehnology is assumed aording to Hekman et al. (1998). Thisaptures two important e�ets, �rst the assumption of imperfet substitution be-tween the di�erent kinds of labor, a rather standard assumption in the literature ofskill biased tehnologial hange, and, furthermore, imperfet substitution betweenlabor and physial apital. The latter assumption aounts for the fat that, inthe short run, labor an not be substituted by apital immediately.9 Aording toGreiner et al. (2004) the prodution tehnology is further augmented by positiveexternalities of tehnologial hange, "s; "u > 0,f(�) = zt ���(z"st hs;t)�1 + (1� )(z"ut hu;t)�1� �2�1+(1� �)k�2t � 1�2 (18)where zt denotes a shok in tehnology whih a�ets overall produtivity as wellas the individual produtivity of eah skill group due to an external e�et whihis aptured by the assumption of "i > 0. Furthermore, � denotes the labor shareof total inome. The parameters �1 and �2 determine the substitution elastiitiesbetween both types of workers as well as between labor and physial apital.The tehnology shok, zt is assumed to follow a stationary stohasti proesswhih is desribed by the following law of motion:zt+1 = !zt + �zt+1; (19)with �zt � i:i:d: N (0; �2z) and ! 2 [0; 1℄.9See also Rowthorn (1999) for a study onerning imperfet apital labor substitution in businessyle models. 11



Wage Setting and InequalityThe wage is negotiated aording to a Nash bargaining proedure one �rms andworkers meet in order to form a produtive job. During this proess �rms andworkers are onsidered as monopolists earning an eonomi rent if a job beomesprodutive. Therefore, this bargaining sheme alloates the rent surplus of a pro-dutive job between �rms and workers.10 For a worker of type i who mathes toa �rm, the value of a job is given by the real wage wi;t net of osts of searh anddisutility of work. For a �rm, the value of a �lled job follows from the di�erenebetween a worker's marginal produt, the wages and the �rm's advertising osts.11The net surplus of the household is given byW hi = wi;t + �i(si;t)� uit(t; hi;t) + �si;i(si;t)pi;t (1�  i � pi;tsi;t):Note that the workers's surplus onsists of the wage rate, the searh osts of theurrent and the next period net the disutility of work. The net surplus of the �rmis given by W f = fhi(�)� wi;t + aiqi;t (1�  i):The Nash bargaining riterion is given bywt = argmax �W hi ��i�W f�1��i; (20)where �i denotes the bargaining strength of the worker. The wage results as:wi;t = �i "fhi(kt; hs;t; hu;t; zt) +Xi ai�i;t# + (1� �i) �Uhi;t(�)�t � �i(si;t)� : (21)As in Merz (1995) the wage results as a weighted sum of the marginal produt oflabor net of advertising osts and the disutility of work orreted for foregone searhosts.The wage spread due to the skill di�erenes between both types of workers followsas whwu = �hhfhs(�) + as�s;ti+ (1� �h)hUhs (�)� � �ss(ss;t)i�uhfhu(�) + au�u;ti+ (1� �u)hUhu(�)� � �su(su;t)i (22)10\Hene a realized job math yields some pure eonomi rent, whih is equal to the sum ofthe expeted searh osts of the �rm and the worker. Wages need to share this eonomi (loalmonopoly) rent, in addition to ompensating eah side for its osts from forming the job." SeePissarides (2000): 15.11Please note that subsripts exept i and t; t+ 1 denote partial derivatives.12



For omparison, if we would onsider a model with a perfet labor market wageinequality is given by:12 whwu = 1�  �z"hz"u ��1 �huhs �1��1 (23)Comparing equations (22) and (23) it is obvious that wage inequality resulting inthe reent model does not depend on the prodution tehnology, external e�etsof knowledge and the rate of substitution between di�erent skill groups alone. Animportant determinant of the pattern of wage inequality is given by the bargainingpower of workers, �i whih governs the fration of the �rm's surplus is distributedto the worker. Furthermore, as an be seen easily, eqns (22) and (23) oinide inthe ase when �i onverges to 1 and when no osts of vaany reation would beassumed. Beside the fat, that the workers disutility of work and his searh osts areintrodued in the wage equation, an important fator whih determines inequality(as well as the wage setting) is the workers bargaining power �i.3.2 General EquilibriumAording to Langot (1995) the symmetri general equilibrium solution is obtainedas follows: at �rst the optimal job searh and vaany reation behavior is omputed,furthermore the wage rate is determined within a Nash-bargaining framework. Se-ond, market learing onditions in the good and apital markets are imposed. How-ever, beause the wage is not the prie whih lears, for example a Walrasian labormarket, the solution of this problem is not a Pareto optimum.13 Please note, thatdue to the time onsuming mathing proess on the labor market, this market isharaterized by a stohasti rationing pattern, i.e. there is a positive probability1� q(�i) that a hiring �rm does not �nd a worker and a probability 1� �iq(�i) thatan unemployed worker does not �nd a vaant job position.14 An equilibrium of thiseonomy is a set of variables
t = �kt+1; hs;t+1; hu;t+1; ss;t; su;t; ps;t; pu;t; qs;t; qu;t;Ms;t;Mu;t; vs;t; vu;t; us;t; uu;t; t; yt; It; rt; ws;t; wu;t; �h;t�u;t; zt; �zt; ~zt	whih is determined by the household's and the �rm's Euler equations as well as therespetive resoure onstraints.12A similar expression is obtained by Greiner et al. (2004).13Cf. Langot (1995): 297.14Cf. Pissarides (2000): 7. 13



The households maximization problem given by equations (9)-(13) lead to thefollowing Euler equations �EtnU(t+1)U(t) (1 + rt+1 � Æ)o = 1 (24)�Etn�Uhs(hs;t) + �t+1(ws;t+1hs;t+1 + �s(ss;t+1))+�hs;s(ss;t+1)ps;t+1 �t+1(1�  s � ph;t+1ss;t+1)o� �hs;s(ss;t)�tps;t = 0 (25)�Etn�Uhu(hu;t) + �t+1(wu;t+1hu;t+1 + �u(su;t+1))+�hu;u(su;t+1)pu;t+1 �t+1(1�  u � pu;t+1su;t+1)o� �hu;u(su;t)�tpu;t = 0; (26)note that �t denotes the Lagrange multiplier of the household's optimization prob-lem.The �rm's deision problem whih is given by equations (14) - (16) lead tofk(�)� rt = 0 (27)�tas�t+1qs;t � �Etnfhs(�)� ws;t+1 + asqs;t+1 (1�  s)o = 0 (28)�tau�t+1qu;t � �Etnfhu(�)� wu;t+1 + auqu;t+1 (1�  u)o = 0: (29)The equilibrium is determined by the household's and the �rm's Euler equations(24)-(29), as well as equations (3), (1), (2), (4), (5), (6), (7), (8), (11), (18), (19),(21) and the aggregate resoure onstraint whih is given byt + It + �s(ss;t) + �u(su;t) + asvs;t + auvu;t = yt: (30)In order to solve and to alibrate the model we have to speify the funtional formsof the household's utility funtion, the funtions of searh osts, the prodution andthe mathing tehnologiesU(t; hs;t; hu;t) = 1��t1� � � h1+�ss;t1 + �s � h1+�uu;t1 + �u (31)�s(ss;t) = ��ss�s;t (32)�u(su;t) = ��us�u;t: (33)The aggregate prodution funtion was already introdued by equation (18):f(�) = zt ���(z"st hs;t)�1 + (1� )(z"ut hu;t)�1� �2�1+(1� �)k�2t � 1�2 (34)14



in order to study the e�ets of skill augmenting tehnology shoks we rewrite eqn.(34) to f(�) = zt ���(�z"st hs;t)�1 + (1� )(~z"ut hu;t)�1� �2�1+(1� �)k�2t � 1�2 (35)where we assume that the two skill-augmenting tehnology shoks, �zt; ~zt follow un-orrelated stationary stohasti proesses.The mathing tehnologies are spei�ed analogue to Merz (1995) or Pierrard andSneessens (2003) Ms;t = v�1s;t(ss;t � us;t)(1��1) (36)Mu;t = v�2u;t(su;t � uu;t)(1��2); (37)with �1; �2 2 [0; 1℄.4 Dismissal Protetion and Minimum Wages4.1 Model ExtensionsAs mentioned already in the introdution, the importane of wage stikiness andemployment utuations is desribed in reent studies by Hall (2003, 2005b,a) orShimer (2004). However, the ited studies onentrate almost on homogeneous labor,only. Furthermore, wage rigidities are modeled with respet to the ontrat length.However, as shown by table 1 ontinental European ountries exhibit a rather rigidwage struture in omparison to anglo-saxon ountries. By following the approahesof Pierrard and Sneessens (2003, 2004) a wage indexation sheme is introdued intothe model. That means, wages for low skilled workers are set as a onstant frationof the high skilled workers wage. This pattern displays a rather stylized fat ofentral European labor markets where a rather onstant wage spread is observed onthe aggregate level.As mentioned above, the analysis of minimum wages is based on the modeloutlined in setion 3.1 in whih the wage equation (eqn. 21) for low skilled workersis replaed by the following ondition:wu = %ws; (38)i.e. the wages paid to low skilled workers are determined as a given fration, % 2 [0; 1℄of wages bargained by skilled workers. Conerning the wages of low skilled workers15



we assume % = 0:4, i.e. low skilled workers earn 40% of the wage of skilled workers.This measure oinides with the atual German unemployment insurane paymentsas reported in table 3.The introdution of employment protetion mehanisms, however, requires a re-vision of the model framework that is outlined in setion 3.1. Based on Bentolila andBertola (1990) Hopenhayn and Rogerson (1993), Saint-Paul (1996), Kohns (2000,2002) and Delaroix (2003) we extend the model by introduing �ring osts and asimple government rule of unemployment assistane payments, where the strutureof unemployment assistane refers to Burda and Weder (2002).In general, �ring osts an be lassi�ed into severane payments and �ring taxes.Severane payments an be seen as a transfer from the �rms to the workers anddepends on the wage proportionally. Beause severane payments are be deter-mined in a eÆient ontrat or bargaining proess, they inuene equilibrium wagesbut not equilibrium unemployment.15 Therefore, by following Delaroix (2003) thesubsequent analysis onentrates on �ring taxes, only.In priniple, when �rms attempt to lose a job, they have to pay an amount of bper losed job to an ageny whih distributes the total amount between unemployedworkers of both types. This leads on the one hand to a redued job reation of lowskilled workers, beause of the lower produtivity and, on the other hand, to aninreased reservation wage whih hinders job searh ativities.A Revision of the Household's and the Firm's ProblemAs in setion 3.1, we assume a representative household with a large number ofinhabitants whih are normalized to one.16 The household hooses investment inphysial apital, It, and the searh intensities, si;t; i = s; su; u of the respetive skillgroup in order to maximize the present disounted value of their life-time utility.Households reeive inome from lending apital to �rms at the interest rate rt andfrom having a fration of both types of its members ni;t work at the respetive wagerates wi;t. The households maximization problem reads as follows:Ut = maxt;si;t;It 1Xt=0 �tU(t; hs;t; hu;t) (39)15Cf. Delaroix (2003): 651.16Please note, that a detailed solution of the model an be obtained from the author uponrequest. 16



subjet tot + It +Xi �i(si;t)(1� ni;t) = Xi=s;uwi;thi;t + Xi=s;u �hi (1� hi;t) + rtkt (40)kt+1 = (1� Æ)kt + It (41)hs;t+1 = (1�  s)ns;t + ps;tss;t(1� hs;t) (42)hu;t+1 = (1�  u)nu;t+; (43)where the expression �i(1� ni;t) denotes the bene�ts obtained from an unemployedtype-i worker. From equations (39) - (43), the Lagrange funtion follows asmaxt;si;t;kt+1;hi;t+1LH = Etn 1Xt=0 �thU(t; hs;t; hu;t)+�t�Xi=s;uwi;thi;t + Xi=s;u �hi (1� hi;t) + rtkt�t � It �Xi �i(si;t)(1� ni;t)� (44)+�1;t�hs;t+1 � (1�  s)hs;t � ps;tss;t(1� hs;t)�+�2;t�hu;t+1 � (1�  u)hu;t � pu;tsu;t(1� hu;t)�io;The �rm's problem, whih is desribed already by equations (14) - (??) is mod-i�ed as follows. The �rm's pro�ts are de�ned as� = f(�)�Xi wi;thi;t � rtkt �Xi � fi  ihi;t �Xi aivi;t; (45)where Pi=s;u � fi  ihi;t denote the sum of �ring osts the �rm is faed with whenlosing a job. As in setion 3.1, the �rm has to solve the following optimizationproblem maxkt;vt;hi;t+1Et 1Xt=0 �t�t�t; (46)subjet to nh;t+1 = (1�  h)nh;t + qh;tvh;t (47)nu;t+1 = (1�  u)nu;t + qu;tvu;t): (48)Furthermore, it is assume that the total amount of the �ring tax is equal to theamount of unemployment bene�ts, i.e. we assume a simple budget equation for thesoial seurity system: Xi=s;u � f ini;t = Xi=s;u �hi (1� ni;t): (49)17



Wages are set aording to a Nash bargaining rule. As in setion 3.1 (see eqn.(21)), the bargained wage of a type-i worker is given bywi;t = �ihfhi(�) +Xi ai�i;t � � fi  ii+ (1� �i)huni;t(�)�t � �i(si;t) + �hi i: (50)4.2 CalibrationThe alibration is hosen in aordane with the literature. The parameters of theutility funtion as well as searh and advertising osts are taken from Merz (1995).One should note that it is assumed that �rms have higher advertising osts if theylook for high skilled workers and that low skilled workers have higher searh oststhan workers of the other skill group.The levels of employment as well as the unemployment rates of the di�erent skillgroups, ~ui, are hosen aording to the empirial evidene as reported by table 1,i.e. total unemployment of the respetive skill group follows as: ui = hi � ~ui. Theelastiity of substitution between both types of labor servies, �1, is hosen analogueto Hekman et al. (1998) who estimated an elastiity of 1.4, furthermore we followtheir empirial results of a elastiity of substitution between apital and labor whihis lose to 1. The external e�ets of new tehnologies are spei�ed in line with theresults of Greiner et al. (2004). The values of the worker's bargaining power �i arehosen in a way that both �rms and work share the surplus of a produtive jobequally whih oinides, in general, with the results of a entralized wage bargainingwhih is often found in ontinental European ountries. The parameters of themathing tehnologies as well as the searh osts are hosen in aordane to Merz(1995) and Pierrard and Sneessens (2003), in general we assume that a skilled workerhas lower searh osts than an low skilled worker and for the �rm we assume theopposite ase, i.e. it is more expensive to hire a worker with a university degree thana worker without suh a degree. Although the quarterly job destrution rate for theGerman manufaturing setor is reported between 3-4%, lower job destrution ratesare hosen whih are in aordane to German Panel Data estimates as well asthe �ndings of Ridder and van den Berg (2003). There, aggregate job destrutionrates are reported between 1-2%.17 The destrution rates used for the alibrationare hosen in aordane to the latter observation. Furthermore, we assume, forsimpliity, that the produtivity shoks follow the same autoregressive proess.17The measures for the manufaturing setor are based on job ow data taken from the Bun-desagentur f�ur Arbeit (WZ93/BA). Many thanks to Alfred Garlo� for his suggestions onerningGerman job destrution rates. 18



Table 4: Parameter Settings�hs �hu �~us �~uh �z; �~z; ��z � �0.25 1� �Nh 0.05 0.10 1 0.64 0.99Æ �R �  � �s; �u ��h0.025 1=� 0.5 0.5 1.0 0.8 0:025��u  s  u �1(�2) �1 �2 ah2� �h 0:01 0:02 0.3 (0.1) 0:7 0.7 2� auau �h �u "h "u !z; !�z; !~z �z; ��z; �~z0.025 0.5 0.5 1.5 1:0 0.95 0.007Unfortunately, during the simulations it turned out that the assumed job re-ation and job destrution rates lead to situations where the model solution exhibitedimaginary eigenvalues whih lead to overshooting and ylial impulse response fun-tions. By assuming higher job destrution rates, i.e.  s = 0:01,  u = 0:04 we ouldavoid this problem.18Beause of the non-availability of proper data on �ring osts, partiular �ringtaxes, the following alibration of �ring osts is assumed, where the �ring osts aredetermined by the worker's wageTable 5: Calibration of Firing Costshs � fs = 12 � wshu � fu = 12 � wuIn ontrast to a severane payment whih is, in general bargained between theworker and the �rm, the �ring ost assumed in this model an be seen as a tax. Asmentioned above, the total sum of �ring taxes are distributed as a lump-sum transferto the workers. For simpliity, we assume, that the amount of transfer payments isdistributed equally aross unemployed workers, i.e.�hs (1� hs;t) = 0:5� Xi=s;u � fi  ihi;t and �hu (1� hu;t) = 0:5� Xi=s;u � fi  ihi;t: (51)For the subsequent analysis the steady state of the deterministi part of the mod-els are omputed numerially by a Newton-Raphson method provided by DYNARE19.18The weighted average of the alibrated job destrution rate is 0:034, a about twie as high asreported for the U.S. and three times higher as reported for Germany (f. Ridder and van denBerg (2003)).19Dynare is a pre-proessor and a olletion of MATLAB or SCILAB routines whih solve non{linear models with forward looking variables. See http://www.epremap.nrs.fr/dynare/. SeeJuillard (1996) for details. 19



The obtained impulse response funtions rely on a �rst order approximation of thestohasti model around its steady state.4.3 DisussionIn the enter of the disussion of the model's outomes are the employment e�etsof skill-biased tehnology shoks. Without negleting e�ets of neutral or low skillbiased shoks the �rst one aounts signi�antly for the rise of unemployment inGermany during the 1990s (see, for example, Puhani (2005)). Figure 4 below showsthe responses of employment of low skilled workers after an unantiipated inrease inskill-biased tehnology. Under the assumption of exible wage setting (dotted line)and �ring osts (line with squares) one �nds, at �rst, an inrease in employmentfor about 3 years. Sine then low skilled employment turns negative, i.e. unem-ployment inreases. Seondly, in aordane with Hopenhayn and Rogerson (1993),�ring osts have a slightly positive impat on the employment status in an environ-ment with exible wage setting mehanisms20, beause the response of employmentis slightly higher and the persisteny of this shok exeeds the one of the model withexible wage setting for one quarter.
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Figure 4: Employment of low skilled workersHowever, the obtained responses hange signi�antly whether minimum wagesare onsidered (solid line, line with triangles). Then, the positive impat of aninrease in tehnology persists for three quarters only. Sine then employment of20Please note, that the impulse response funtions of the model with exible wages refer to themodel framework outlined in setion 3.1. Furthermore, as shown by Rubart (2006) the delayedresponse of employment after tehnology shoks is also found in the time series data for the U.S.and Germany. 20



this skill group falls below its steady state level for the rest of the onsidered timeperiod of 10 years.Conerning the e�ets on relative employment, i.e. the ratio of skilled and un-skilled workers, a persistent positive response of a skill-biased tehnology shok isobserved (see �gure 5 below). By omparing the e�ets of the di�erent regimes oflabor market institutions, regimes with a rigid wage struture (solid line, line withtriangles) lead to a higher inrease of this variable than regimes with more exiblewage setting mehanisms (dotted line, line with squares). However, the wage set-ting regime does not inuene the persisteny of the tehnologial advane on therelative employment pattern.
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Figure 5: Relative EmploymentBeside the e�ets of skill-biased tehnology shoks on the employment patter oflow skilled workers, the question whether the responses are driven by too low jobreation or too low inentives to searh for new job positions remains. Figure 6below shows the responses of the �rm's vaany reation. It is shown that one theeonomy is hit by a skill biased tehnology shok, the highest response vaany re-ation is observed for eonomies with rather exible wage setting mehanisms (dottedline, line with solid squares). The response of vaany reation is lower when wagerigidities are assumed (solid line, line with triangles). However, more persistent re-sponses of vaany reation is obtained whether minimum wage rules or a exiblewage setting mehanism is assumed, there the impulse response funtions returnto the steady state after 10 years. When �ring osts are onsidered, the vaanyreating ativities return lose to the respetive steady state levels after �ve periods.This pattern is explained due to the fat that �ring osts lower the option value of21



an open vaany whih prevents �rms to open vaanies.
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Figure 6: Vaany reation after skill biased tehnology shoksThe persistent vaany reation under minimum wages is explained by the fatthat when low skilled workers beome sare in prodution their marginal produtinreases whih also lead to a rise in vaany reation.The seond determinant of employment in the reent model framework are thesearh ativities of unemployed workers. Figure 7 below desribes the responses ofsearh ativities of low skilled workers after a skill biased tehnology shok.
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Figure 7: Searh behavior of low skilled workersBeause of the loose of unemployment bene�ts when beoming employed as wellas lower earnings under the minimum wage rule, searh ativities in a model with�ring osts, unemployment bene�ts and minimum wages show the highest response,i.e. the highest inentive for unemployed workers to look for a new job. However22



the response falls below its steady state level after 4 years (line with triangles).Although this results seems ounterintuitive, it is rational within the reent frame-work, beause of the wage indexation low skilled workers earn a lower wage, onaverage, and therefore get lower unemployment bene�ts than under exible wagesetting rules. Therefore, the option value of beoming employed is higher than un-der regimes with exible wage setting mehanisms (solid line) or �ring osts andrelatively high unemployment bene�ts (line with squares). The lowest response ofsearh ativities is found in a regime with minimum wages. There the expetationto earn a �xed fration of a skilled workers wage, whih also might be below theunemployed worker's reservation wage, does not lead to an inreased searh ativ-ity of this skill group. Therefore, although enough vaanies are reated by �rms,employment of low skilled workers remains rather low.5 Conluding RemarksReently, there are many explanations of the soures of the rise of ontinental Eu-ropean, espeially German, unemployment. In general, they an be subdivided intotwo branhes of literature. One branh explains the observed pattern by too rigidlabor market institutions, as for example Blanhard and Wolfers (2000) or Hekman(2003). The other branh refers to skill biased tehnology shoks that made lowskilled workers redundant whih therefore lead to the inreased unemployment ratesof this skill group (see e.g. Puhani (2005)).The reent paper has shown that skill biased tehnology shoks alone do not leadper se to an inrease in unemployment of low skilled workers. In addition, the exis-tene of inexible wage setting mehanisms and employment protetion legislationin ombination with skill biased tehnology shoks explains the observed pattern ofontinental European unemployment. Furthermore, due to the persistent dereaseof low skilled worker's employment status in a regime with rather inexible wagesetting mehanisms a possible explanation of the observed hysteresis phenomena isgiven.Against the bakground of the numerial examination one enabled to evaluatethe arrangements disussed by German poliy-makers in order to derease unem-ployment, the introdution of ombined and minimum wages as well as the redutionof dismissal protetion mehanisms. While the latter poliy does not a�et the equi-librium outome of the low skilled employment (f. �gure 4), the introdution of23
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