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1 IntrodutionDuring the last deade, main ontinental European ountries are faed with thedilemma of high and inreasing unemployment rates and, partiularly in the ase ofGermany, low eonomi growth. Whereas anglo-saxon ountries, like the U.S. or theU.K. exhibit dereasing unemployment rates and higher rates of eonomi growth.In partiular, the rigidity of ontinental European labor markets is referred to asthe major soure for the inreasing unemployment rates.1However, when the unemployment reord is onsidered one is onfronted witha so-alled two-tier piture onerning the utuation and level of unemploymentrates of di�erent skill groups (see e.g. Saint-Paul (1996)). In general, one observesan upper tier with high employment (as well as low employment variation) highwages and high job seurity and a lower tier with high unemployment whih isalso haraterized with a high employment variation. As we will show below2 thisobservation holds for the unemployment pattern of high and low skilled workers.3A general explanation of this observation, partiularly of the steady inrease inthe unemployment rate of low skilled workers, is given by Krugman (1994) who statesthat tehnologial advanes inreased the labor demand for skilled workers, only,whereas the deline in demand for low skilled workers has led to the steady inreaseof unemployment of this skill group. One ould extend this hypothesis by followingPhelps and Zoega (2001) who point out that the observed path of unemployment is,amongst others, subjeted to non-monetary shoks and developments, mainly dueto investment ativities of �rms. Considering the investment per GDP ratio is forthe U.S., U.K., Frane and Germany one observes a steady inrease of this ratiofrom 15% to 19.8% (16.3%) for the U.S. (U.K.) whereas the same ratio delinedfrom 28.8% (24.1%) to 18.4 % (20.2%) for Germany (Frane) between 1970 and2004. However, the fration of investments in new tehnologies, like information andommuniation tehnologies exhibit a signi�ant inrease between 1980 and 2000,i.e. from 15.2% to 39.9% for the U.S. or from 12.2 to 16.2 % for Germany.4 Besidethe skill mismath, i.e. the dereasing demand for low skilled workers, wage rigiditiesand a ertain degree of labor market inexibility wages for low skilled workers were1See, e.g. Blanhard and Wolfers (2000) or Hekman (2003) for detailed surveys of the impatof labor market institutions on the employment reord.2See �gures 1 and 2 as well as table 1.3The problem of dualism and di�erent skill groups was already mentioned by Malinvaud (1986).4The data are taken from the OECD Main Eonomi Indiators 2005 (Investment / GDP ratio)and from Colehia and Shreyer (2001) (ICT - Investment / Total Investment).1



prevented to adjust downwards whih led to the inrease in the unemployment rateof low skilled workers.5 However, as pointed out by Nikell and Bell (1996) timephases exist in whih both unemployment of high and low skilled workers tend toinrease, an observation whih does not oinide with thy hypothesis of skill biasedtehnologial hange, ... the unemployment rates for both groups have risen. Thissuggests that the ountries onerned have also been subjet to adverse shoks thatare neutral as regards skill .. .6 By following the �ndings by Nikell and Bell (1996)the transmission mehanism of tehnologial advanes to the employment status ofdi�erent types of workers has to be examined more extensively.Up to now, the transmission proess of tehnologial advanes to the employment(unemployment) status of di�erent types of workers remains unlear, partiularlywhen labor market fritions are taken into aount. The reent paper attempts tobridge the gap between empirial �ndings and theoretial explanations of the ob-served unemployment pattern. In general we ombine the hypothesis of skill biasedtehnologial hange as well as the assumption of searh and mathing fritions onthe labor market within a dynami general equilibrium (DGE) model of the businessyle. This proeed allows to examine the transmission mehanism of tehnologialadvanes as well as it enables us to evaluate the simulation results of the model withobserved business yle evidenes.The hypothesis of skill biased tehnologial hange (SBTC) and its labor mar-ket impliation is widely disussed by Aemoglu (1999), Mortensen and Pissarides(1999) or in a reent paper by Hornstein et al. (2005). However, a onentrationon the long-run impat of SBTC (as in Aemoglu (1999)), or on partial equilibriummodels like Mortensen and Pissarides (1999) whih is often found in the theoretialapproahes seems not suÆient in order to aount for the observed unemploymentpattern. For example, partial equilibrium models do not aount for apital au-mulation and possible substitution e�ets between ertain variables. An explanationof the observed utuations of the wage spread and the variability of working hoursof di�erent types of workers within a DGE ontext is given by Lindquist (2004). Re-lated lines of researh an be found in the work by Ljungqvist and Sargent (1998),Albreht and Vroman (2002), Gautier (2002) or Pierrard and Sneessens (2003). Inpartiular, we extend the work by Gautier (2002) or Pierrard and Sneessens (2003)by introduing apital aumulation, labor - leisure hoie of the households as well5A reent study of the skill mismath in OECD is given by Petrongolo and Manaorda (1999).6Cf. Nikell and Bell (1996): 303. 2



as skill-augmenting tehnology shoks. The latter assumption allows us to examinethe e�ets of skill enhaning poliies on the employment status of the respetive skillgroup. In ontrast to Gautier (2002) and Pierrard and Sneessens (2003) our modelassumes (in line with Mortensen and Pissarides (1999)) a segmented labor market,that means that skilled and unskilled workers an apply to skilled an unskilled jobsonly. This assumption simpli�es the analysis and is also in line with reent empirialevidenes by Gottshalk and Hansen (2003). Furthermore, our analysis onludeswith a omparison of the obtained results with the outomes a model without labormarket fritions.Furthermore, many empirial evidenes are based on time-invariant examinationswhereas the underlying theory is a dynami one. Therefore, by using availabletime series of the wage spread, the employment status of di�erent skill groups,indiator for tehnologial advanes and the labor market status a redued form VARmodel is estimated and analyzed onerning the question how shoks in produtivity(tehnology) and the labor market status determine relative employment and thewage spread. This allows us further to evaluate the theoretial outomes of thetheoretial model.The remainder of this paper is organized as follows, setion two presents stylizedfats of the observed employment pattern. Setion three presents the results of atime series examination for the U.S. and German eonomies, setions four and �veoutline the market struture and the equilibrium solution of the model, in setionsix we disuss the obtained results and setion seven onludes.2 Some Stylized FatsAs outlined above, a general explanation whih oinides with the diverse observa-tion onerning the employment status of di�erent kinds of workers is the hypothesisof the so-alled skill-biased tehnologial hange, i.e. that new tehnologies inreasethe demand for skilled workers and lower the demand for low skilled workers al-though the supply of skilled workers inreased (see e.g. Autor et al. (1998), Katzand Autor (1999), or Aemoglu (2002)). Reently, the inreased investment in in-formation and ommuniation tehnologies are, in general, assumed as suh majortehnologial advane. The main evidene of the existene of the SBTC hypothesisis the inrease of the wage spread between high and low skilled workers. Table 1below, summarizes the main arguments of the SBTC - hypothesis for four main3



OECD ountries. It is obvious that most of the variation in unemployment ratesis found for the group of low skilled workers, whereas the unemployment rate forhigh skilled is rather onstant or dereasing. Furthermore, for any ountry we �ndan inrease in the supply of high skilled workers as well as a onstant or inreasingpattern of the wage spread.7Table 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. OECDa 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)aMeasured as ratio of the D9/D5 earnings.Although table 1 might lead to the assumption that the onsidered variables un-derly a steady evolution, it is shown by �gures 1 and 2 below that ylial variationsand business yle frequenies are at hand. Furthermore, the two-tier hypothesis7See appendix A for further information onerning the used data.4



by Saint-Paul (1996) is veri�ed, i.e. we observe a signi�antly low variation in theunemployment rate for skilled workers than for unskilled workers.

Figure 1: Germany, 1975.4-2004.4Soure: Institut f�ur Arbeitsmarkt und Berufsforshung,own alulation Figure 2: U.S., 1993.1-2004.4Soure: U.S. Bureau of Labor Statistisown alulationConerning the main indiator of skill-biased tehnologial hange, the inreaseof the wage di�erential, the time series of the wage spread (�gures 3 and 4) indiatesa ylial pattern at business yle frequenies, too.

Figure 3: Germany, 1975.4-2004.4Soure: Federal Statistial OÆe Germany,own alulation Figure 4: U.S., 1963.1-2004.4Soure: U.S. Bureau of the Census, CPS Marh 2003own alulationBeside the evidenes of supply and demand shifts for di�erent types of workers,labor market institutions an not be negleted within the analysis. Most importantinstitutions onern the wage setting behavior, in partiular the bargaining strengthof trade unions, and the soial bene�t system whih determine the reservation wagesof unemployed workers. Table 2 below outlines the bargaining strength of the work-ers measured by union density, i.e. the ratio of employees organized in trade unions5



per total employees, and the overage of entralized wage bargaining. Furthermore,the measures by Dolado et al. (1996) outline the generosity of the soial bene�tsystem. Table 2: Union Density, Bargaining Coverage and Minimum WagesYear U.S. U.K. Germany FraneTrade Union Density1960 0.29 0.45 0.35 0.201980 0.23 0.56 0.35 0.191995 0.15 0.37 0.27 0.102002 0.13 0.31 0.25 0.10Bargaining Coverage1980 0.26 0.70 0.91 0.851995 0.18 0.47 0.92 0.952002 0.14 0.33 0.67 0.93Minimum Wagesa0.39 0.40 0.55 0.50(1993) (1993) (1991) (1993)Soure: Bierhanzl and Gwartney (1998), Dolado et al. (1996), OECD (2004)aMinimum wages as a fration of average earnings (Dolado et al. (1996): 321).Although labor market institutions are important for the labor market outome,it is obvious that the impat of labor market institutions dereased during the 1990's,in partiular for the German eonomy.Under the assumption of a dereasing impat of labor market institutions onthe one hand, and inreasing tehnologial advanes on the other, the hypothesis ofKrugman (1994) should be reonsidered. In partiular, from the point of view howtehnologial advanes transmit to the labor market, espeially to the employmentreord of di�erent skill groups.3 Empirial AnalysisThe main indiator of skill biased tehnologial hange is, as for example outlinedby Aemoglu (2002), the inreased wage di�erential between high and low skilledworkers after a rise in the supply of skilled workers. In this setion we try to examinethe dynami e�ets as outlined above within an empirial framework.The relation of interest in this setion is the following equation whih relatesthe spread of wages, wi, earned by workers of di�erent skill groups, ni with i =6



(s)killed, (u)nskilled, to variables desribing tehnologial advanes as well as therelative supply of skilled workers. Following the approahes by Murphy et al. (1998)or Greiner et al. (2004) and assuming a CES prodution tehnology, this relationan be written as follows:wsp = wstwut = 1�  �Xt"s�"u�ns;tnu;t�� 1� ; (1)where  denotes the inome share of eah type of labor, Xt gives the level of teh-nology, "s; "u determine an external e�et of tehnology on the produtivity of eahtype of labor and � denotes the elastiity of substitution between both types oflabor servies. Rewriting eqn. (1) in logarithms a linear representation of the wagespread is obtained ŵsp = �̂0 + (�h � �u)x̂t � 1� n̂t; (2)with �̂0 = ln( 1� ), x̂t = ln(Xt) and n̂t = ln(ns;t) � ln(nu;t). Variations, as well asequation (2) are in the enter of many empirial examinations, for example by Katzand Murphy (1992), Katz and Autor (1999), or Krusell et al. (2000).In order to derive a dynami framework, equation (2) will be rewritten into a VARrepresentation, whih we will be spei�ed and estimated with several indiators oftehnologial hange and labor market indiators. With the obtained estimations wederive impulse response funtions in order to simulate the e�ets of an innovationin the supply of skilled labor and tehnology on the wage spread. Finally, theaggregate vaany - unemployment ration will be onsidered as an indiator of thelabor market position as well as the inuene of wage setting institutions.8A general redued form VAR representation of equation (2) reads as follows,0�ŵspn̂tx̂t 1A = A0 + pXi=1 Ai0�ŵspt�in̂t�ix̂t�i1A +0��w;t�n;t�x;t1A : (3)The variable of tehnologial hange is measured by the index of labor produ-tivity. In this analysis labor produtivity is measured as output per employee ratherthan output per hour. Although the latter measure should be used output per em-ployee is taken existene and availability of omparable data sets.9 Furthermore,8A redued form VAR approah to examine maroeonomi poliies under labor market fritionsan be found in Yashiv (2004). A detailed desription of estimating VAR models an be found inHamilton (1994) or L�utkepohl and Kr�atzig (2004).9The data are taken from own alulations and from the OECD Statistial Compendium, OECDEonomi Outlook, 2005. A detailed desription of the data used in this setion an be found inappendix A. 7



the above VAR is extended by the so-alled labor market tightness, i.e. the vaany- unemployment ratio.10 Although this ratio does not measure the inuene of la-bor market institutions diretly, it is an important variable whih determines thebargaining power when during negotiation proedures and also aptures struturalimbalanes.Considering the results of table 8 (Appendix B) indiate non-stationary behaviorof the time series in levels, whereas no unit roots are not found when �rst di�erenesare taken into aount. For the so-alled labor market tightness, measured by thev=u - ratio, the hypothesis of a unit root is generally rejeted. Although, the exis-tene of unit roots allow for ointegration of the variables, we follow the approahby Sims et al. (1990) and speify and estimate VAR models in levels. This leadto ineÆient but onsistent estimates, whereas a false spei�ation of ointegrationrelations might lead to inonsistent estimates.For the subsequent estimations of the VAR models as spei�ed above a gen-eral lag length of two is hosen. This seems suÆient beause a higher lag ordergoes at hand with unstable impulse response funtions whih indiates overspei�edmodels.11 After estimating the respetive models the innovations of eah VAR areorthogonalized by using a Cholesky deomposition of the variane-ovariane ma-trix. As outlined in the previous subsetion allows this representation, aording toSims (1980), the determination of impulse response funtions.Aording to Aemoglu (1998) an inrease of the relative supply of skilled workersshould derease the wage premium in the short run whereas indued tehnologialhange inventive ativities inreases the demand for skilled workers in the long runand, therefore, leads to an inrease of the wage premium.12 In general, if the hypoth-esis of skill biased tehnologial hange, as outlined by Aemoglu (1998), is rightwe should observe a negative response of the wage spread to a shok in the relativesupply of skills. Furthermore, an innovation of eonomi ativity or tehnologialadvanes should lead after a while to an inrease of the wage spread. By takingthe v=u ratio as an indiator of the labor market position the following responseshould be expeted. An inrease of the v=u-ratio should strengthen the bargainingpower of workers (and of the trade unions) whih should lead to a onstant or evennegative response of the wage spread. However, whether unemployment is aused10More sophistiated VAR models of labor market ows an be found in Blanhard and Diamond(1989) or Balakrishnan and Mihelai (2001). In partiular, the latter study onentrates on jobreation and job destrution dynamis in main OECD ountries.11The spei�ation of the VAR models are outline in table 9 in appendix B.12Cf. Aemoglu (1998): 1057. 8



by mathing problems, i.e. the worker's abilities do not math the requirements ofthe o�ered job, skilled workers are in advane to low skilled workers whih shouldlead (beause of the bargaining strength) to an inrease in inequality.Table 3: Estimation Results, U.S. 1970.1-1998.4Variable Deterministi Endogenous laggedTerms Variablesonst. Trend ws=wu(t � 1) ns=nu(t� 1) X(t � 1) v=u(t � 1)ws=wu 0.180 0.001 1.684 -2.265 0.003 0.015(2.880) (3.664) (28.518) (-2.757) (1.293) (0.177)t� 2-0.758 1.774 -0.002 -0.040(-12.816) (2.097) (-1.074) (-0.512)ns=nu -0.0054 0.0003 0.0022 1.6110 0.0002 -0.0144(-0.981) (1.011) (0.412) (21.945) (1.116) (1.1895)t� 2-0.004 -0.6449 -0.00003 0.0106(-0.741) (-8.531) (-0.133) (1.511)t-statistis in parentheses.For the U.S., the results presented in table 3 at �rst a onstant and a signi�anttrend in the wage spread. However, the impat of the relative supply of employeesreat in aordane to the theoretial explanation, i.e. a negative response in theperiod t � 1 however sign hanges when further lags are onsidered. On the otherhand the evolution of the relative employment status is almost explained by laggedvalues of this variable.The latter observation is also made for the German eonomy, however, for relativeemployment the interept term as well as a time trend turn out to be signi�ant, too.In ontrast to the U.S., the supply of relative skills does not exhibit a signi�antrelation to the wage spread. However, the status of the labor market exhibits apositive relation to the wage spread.
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Table 4: Estimation Results, Germany 1973.1-2000.1Variable Deterministi Endogenous laggedTerms Variablesonst. Trend ws=wu(t � 1) ns=nu(t � 1) X(t� 1) v=u(t � 1)ws=wu 0.045 -0.00003 1.726 0.001 0.0001 -0.0014(1.435) (-0.782) (28.257) (0.037) (0.528) (-1.127)t � 2-0.766 0.007 0.00004 0.002(-11.931) (0.185) (1.861) (1.864)ns=nu 0.1483 0.0002 -0.0841 1.6130 -0.0004 -0.001(2.4765) (2.4761) (-0.726) (23.231) (-1.162) (-0.431)t � 20.0309 -.0708 0.0023 -0.0009(0.253) (-10.322) (0.626) (-0.414)t-statistis in parentheses.In a further step, the obtained estimation results are used in order to derive im-pulse response funtions whih outline the dynami e�ets of innovations in seletedvariables.Figures 5 and 6 below show the responses alulated for a 10-year period of in-novations in eonomi ativity as well as tehnologial advanes based on the VARmodel outlined in table 3.13

Figure 5: Responses of U.S. wage inequality13The solid lines represent the point estimate of the impulse response funtion. The dashed linesshow the 95% on�dene interval, obtained from a simulation based Bootstrap-Distribution (1000repliations). 10



Figure 6: Responses of relative employment, U.S.The main �ndings for the U.S. eonomy are that innovations, i.e. an inrease,in the supply of skills lead to an immediate derease of the wage premium, as forexample predited by Aemoglu (1998). Furthermore, an innovation in tehnologialhange lead to an inrease in the wage premium. However, this e�et disappearsafter eight quarters and turns negative for the rest of the examined time period(�gure 5).

Figure 7: Responses of wage inequality, Germany
11



Figure 8: Responses of relative employment, GermanySimilar to the results for the U.S. eonomy wage inequality in Germany respondsnegatively to a positive supply e�et of skilled workers, although the response is notas signi�ant as observed for the U.S.. However, an inrease in tehnology leads alsoto an inrease in wage inequality, (prod de! dewi). However, the same innovationleads to a redution in the relative employment of skilled workers, or to an inreaseof the employment of lower skill groups. The latter e�et might be due to the fatthat in Germany a suessful institution of pratial eduation exists, rather thanin the U.S.. Furthermore, beause of the bargaining system and possible insidere�ets, a positive innovation in the labor market position lead to a further inreaseof wage inequality, whereas the respetive response is negative for the U.S.Finally, when the labor market tightness is inluded within the regression equa-tion. This variable highlights the bargaining power of wage setting institutions,i.e. the v=u ratio is positively related to the worker's bargaining strength. For thesubsequent examination I treat the v=u - ratio as a further endogenous variable,although it is not a part of the original equation of the wage spread. Otherwise,this assumption seems reasonable beause an indiator of the relative bargainingstrength is of ourse related to the wage setting mehanism and, furthermore, aswill be shown below the pattern of relative wages and employment is disussed inmodel frameworks where endogenous wage bargaining is an important mehanism.
12



4 The ModelMarket struture of the ModelThe 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 whih require apital and both types of labor servies in orderto produe a single good whih an be either onsumed or invested. The marketfor �nal goods is haraterized by perfet ompetition, whereas the labor market isharaterized by searh and mathing fritions. It is assumed that jobs for high andlow skilled workers are destroyed in any period at an exogenous rate  i 2 (0; 1) withi = s; u. Furthermore, we assume a two sided searh proess, i.e. both unemployedworkers of eah skill group (s=skilled, u=unskilled) and �rms with vaant jobs seekfor new job 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 (4)hu;t+1 = (1�  u)hu;t +Mu;t; (5)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): (6)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. 6 implies the following transition probabilities13



from unemployment to employment and from an un�lled to a �lled job vaany oftype i: pi;t = Mi;tsi;t(1� hi;t) (7)qi;t = Mi;tvi;t : (8)The market tightness for eah type of worker, �i, follows as�s;t = vs;t(1� hs;t) (9)�u;t = vu;t(1� hu;t) : (10)Let ~hi;t = hi;t=li;t and ~ui;t = ui;t=li;t, then the unemployment rate of eah type ofworker is follows as: ~ui;t = 1� ~hi;t: (11)The household setorWe assume a representative household with a large number of inhabitants whih isnormalized to one. The household hooses investment in physial apital, It, and thesearh intensities, si;t of the respetive skill group in order to maximize the presentdisounted value of their life-time utility. Households reeive inome from lendingapital to �rms at the interest rate rt and from having a fration of both types of itsmembers ni;t work at the respetive wage rates wi;t. The households maximizationproblem reads as follows: Ut = maxt;si;t;It 1Xt=0 �tU(t; hs;t; hu;t) (12)subjet tot + It +Xi �i(si;t)(1� hi;t) = Xi wi;thi;t + rtkt (13)kt+1 = (1� Æ)kt + It (14)hs;t+1 = (1�  s)hs;t + ps;tss;t(1� hs;t) (15)hu;t+1 = (1�  u)nu;t + pu;tsu;t(1� nu;t); (16)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,14



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.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 (17)subjet to hs;t+1 = (1�  s)hs;t + qs;tvs;t (18)hu;t+1 = (1�  u)hu;t + qu;tvu;t: (19)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 (20)The prodution tehnology is assumed analogue to Hekman et al. (1998). Thisprodution tehnology aptures two important e�ets, �rst it aptures the assump-tion of imperfet substitution between the di�erent kinds of labor, a rather standardassumption in the literature of skill biased tehnologial hange. Furthermore, im-perfet substitution between labor and physial apital is taken into aount, too.The latter assumption aounts for the fat that, in the short run, labor an not besubstituted by apital immediately.14. Aording to Greiner et al. (2004) the pro-dution tehnology is further augmented by positive externalities of tehnologial14See also Rowthorn (1999) for a study onerning imperfet apital labor substitution in businessyle models. 15



hange, "s; "u > 0,f(�) = zt ���(z"st hs;t)�1 + (1� )(z"ut hu;t)�1� �2�1+(1� �)k�2t � 1�2 (21)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; (22)with �zt � i:i:d: N (0; �2z) and ! 2 [0; 1℄.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.15 For a worker of type i who mathes to a�rm, the value of a job is given by the real wage wi;t net osts of searh and disutilityof work. On the other hand, the �rm's value of a �lled job follows from the di�erenebetween a worker's marginal produt, the wages and the �rm's advertising osts.16The 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 theatual and the next period net the disutility of work. The net surplus of the �rm isgiven by W f = fhi(�)� wi;t + aiqi;t (1�  i):15`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): 15.16Please note that subsripts exept i and t; t+ 1 denote partial derivatives.16



The Nash bargaining riterion is given bywt = argmax �W hi ��i�W f�1��i; (23)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)� : (24)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 (25)For omparison, if we would onsider a model with a perfet labor market wageinequality is given by:17 whwu = 1�  �z"hz"u ��1 �huhs �1��1 (26)Comparing equations (25) and (26) 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 (25) and (26) 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.17A similar expression is obtained by Greiner et al. (2004).
17



5 Equilibrium Solution and CalibrationFrom the households maximization problem given by eqns (12)-(16) lead to thefollowing Euler equations18 �EtnU(t+1)U(t) (1 + rt+1 � Æ)o = 1 (27)�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 (28)�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; (29)note that �t denotes the Lagrange multiplier of the household's optimization prob-lem.The �rm's deision problem whih is given by equations (17) - (19) lead tofk(�)� rt = 0 (30)�tas�t+1qs;t � �Etnfhs(�)� ws;t+1 + asqs;t+1 (1�  s)o = 0 (31)�tau�t+1qu;t � �Etnfhu(�)� wu;t+1 + auqu;t+1 (1�  u)o = 0: (32)An equilibrium of this eonomy 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; zs;t; zu;t	whih is determined by the household's and the �rm's Euler equations (27)-(32), aswell as equations (6), (4), (5), (7), (8), (9), (10), (11), (14), (21), (22), (24) and theaggregate resoure onstraint whih is given byt + It + �s(ss;t) + �u(su;t) + asvs;t + auvu;t = yt: (33)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 (34)�s(ss;t) = ��ss�s;t (35)�u(su;t) = ��us�u;t: (36)18A detailed solution of the optimization problems an be obtained from the author upon request.18



The aggregate prodution funtion was already introdued by equation (21):f(�) = zt ���(z"st hs;t)�1 + (1� )(z"ut hu;t)�1� �2�1+(1� �)k�2t � 1�2 (37)in order to study the e�ets of skill augmenting tehnology shoks we rewrite eqn.(37) to f(�) = zt ���(�z"st hs;t)�1 + (1� )(~z"ut hu;t)�1� �2�1+(1� �)k�2t � 1�2 (38)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) (39)Mu;t = v�2u;t(su;t � uu;t)(1��2); (40)with �1; �2 2 [0; 1℄.The alibration is hosen in aordane with the literature. The parameters ofthe utility 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 ostsif they look for high skilled workers and that low skilled workers have higher searhosts than 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 the19



opposite ase, i.e. it is more expensive to hire a worker with a university degreethan a worker without suh a degree. For the manufaturing setor of the Germaneonomy an overall quarterly job destrution rate of 3-4%. The destrution ratesused for the alibration are hosen in aordane to this observation.Furthermore, we assume, for simpliity, that the produtivity shoks follow thesame autoregressive proess.Table 5: Parameter Settings�hs �hu �~us �~uh �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 -1.25 0:025��u  s  u �1(�2) �1 �2 ah2� �h 0:02 0:06 0.3 (0.1) 0:7 0.7 2� auau �h �u "h "u ! �z0.025 0.5 0.5 1.5 1:0 0.95 0.007For the subsequent analysis the steady state of the deterministi part of the modelis omputed numerially by a Newton-Raphson method provided by DYNARE19.The impulse response funtions rely on a �rst order approximation of the stohastimodel around its steady state.6 Model DisussionThe �rst model we disuss in this setion is a model without labor market fritionsand also exhibits no wage bargaining.20 In partiular, the assumed model follows theDGE model by Lindquist (2004). However we assume a general imperfet apital -labor substitution as in Hekman et al. (1998) (see eqn. (21)). This proeed avoidsthe introdution of di�erent kinds of apital goods, like strutures and equipmentapital as in Lindquist (2004).We �rst examine the e�et of an overall tehnology shok (�gure 9). This shokould be interpreted as the introdution of a general purpose tehnology whihinreases the produtivity of both kinds of workers, however at di�erent magnitudes.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.20A solution in detail of this model an be obtained from the author upon request.20



The inrease in tehnology leads to an immediate positive response of output,onsumption and the employment of both skill groups as well as the respetivewages. However, the impat on skilled workers and the respetive wages is higherthan for low skilled workers. Due to the assumption of a skill bias we also observean immediate inrease in wage inequality. For employment and wage inequality weobserve also a return to the steady state level after three to for years, sine then thewage spread and the relative employment position beome negative.
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Figure 9: Introdution of a General Purpose TehnologyIn priniple, the results math the empirial results of the U.S. wage spread(f. �gures 5 and 6), however the immediate response of the wage spread is notreprodued by the model.In a next step (�gures 10 and 11 below) we examine the question onerningthe e�ets of the introdution of a tehnology whih either augments the produ-tivity of skilled or unskilled workers only.21 There we observe an interesting result,that a single skill-augmenting tehnology shok leads to an inrease in output andemployment of both skill groups as well as in wage inequality.In the opposite ase (�gure 11), we observe also positive responses of outputand employment, however the response of inequality is negative. Furthermore, it isobvious that the responses of a shok whih augments the produtivity of low skilledworkers is lower in magnitude than a shok whih inreases the produtivity of highskilled workers.21See e.g. Aghion (2002). 21



In general, the results are onsistent with the empirial evidenes onerningthe assumption of skill-biased tehnial hange. In partiular, the introdution of askill-augmenting tehnology leads to a persistent inrease in employment of skilledworkers as well as in wage inequality.
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Figure 10: Model I, High-skill augmenting Tehnology
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Figure 11: Model I, Low-skill augmenting TehnologyIn the seond variant of our model we analyze the transmission of the introdu-tion of new tehnologies under the assumption of labor market imperfetions due to22



searh and mathing fritions. As in the preeding examination we analyze threedi�erent types of tehnology shoks.
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Figure 12: Model II, Introdution of a General Purpose TehnologyFigure 12 above, presents the obtained responses to the introdution of a gen-eral purpose tehnology. In ontrast to the assumption of perfet labor markets, thepresented variables show a delayed response of a shok in tehnology. In partiular,we observe a negative response of relative employment (also found in U.S. and Ger-man data), whih is due to the fat of the greater availability and lower reruitmentosts of low skilled workers. Furthermore, the response of the wage spread exhibits ahump shaped and rather persistent response whih is found for the German eonomy(f �gure 7).When the responses of skill augmenting tehnology shoks are studied we �ndsimilar results as for the model with perfet labor markets (see �gures 13 and 14below)
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Figure 13: Model II, High-skill augmenting Tehnology
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Figure 14: Model II, Low-skill augmenting TehnologyIn a further step we raise the question whether the models are apable to repro-due basi fats of the business yle. Table 6 below reports the empirial �ndingsfor the U.S. and Germany.
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Table 6: Business Cyle EvidenesU.S., 1963.1-1998.4relative Correlation of observed VariablesVolatility y  i ns nu ns=nu ws wu ws=wu zy | 1.00 0.81 0.89 0.05 -0.01 0.12 0.37 0.33 -0.04 0.73 0.77 1.00 0.73 -0.01 -0.29 0.28 0.51 0.61 -0.27 0.67i 2.44 1.00 0.02 -0.03 0.04 0.37 0.29 0.02 0.54ns 0.55 1.00 0.18 0.26 0.10 -0.11 0.27 -0.02nu 1.22 1.00 -0.90 -0.23 -0.48 0.40 -0.22ns=nu 1.25 1.00 0.27 0.42 -0.27 0.21ws 0.95 1.00 0.71 0.15 0.41wu 1.16 1.00 -0.59 0.21ws=wu 0.82 1.00 -0.20z 0.68 1.00Germany, 1973.1-2000.1y | 1.00 0.78 0.73 -0.28 - 0.24 0.13 0.42 0.51 -0.22 0.54 1.47 1.00 0.62 -0.23 -0.19 0.10 0.27 0.18 0.09 0.24i 2.24 1.00 -0.17 -0.13 0.06 0.33 0.33 -0.06 0.44ns 0.70 1.00 0.86 -0.45 -0.20 -0.11 -0.02 -0.09nu 1.16 1.00 -0.85 -0.23 -0.18 0.01 -0.06ns=nu 0.67 1.00 0.20 0.17 -0.04 -0.16ws 0.22 1.00 0.76 0.27 0.48wu 0.24 1.00 -0.38 0.05ws=wu 0.16 1.00 -0.37z 0.61 1.00In general we observe for both ountries a rather low volatility of skilled workers(around 2/3 of the volatility of the GDP) and a rather high volatility of low skilledworkers. Furthermore, wages in Germany are rather low volatile ompared to theU.S. (:40 < :90). An important di�erene is observed for the volatility of the wagespread for Germany a rather stable wage spread is reported whereas we observe avolatile variable for the U.S..The simulation results of the two models are reported in table 7 below.
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Table 7: Business Cyle Properties of the Model with Searh FritionsPerfet Labor Marketsrelative Correlation of simulated VariablesVolatility y  i ns nu ns=nu ws wu ws=wu zy | 1.00 0.78 0.89 0.87 0.92 -0.01 0.95 0.96 -0.01 0.95 0.49 1.00 0.43 0.51 0.56 -0.08 0.87 0.89 -0.08 0.90i 0.69 1.00 0.91 0.93 0.04 0.77 0.76 0.04 0.99ns 0.06 1.00 0.93 0.29 0.87 0.81 0.29 0.90nu 0.02 1.00 -0.06 0.77 0.76 -0.06 0.99ns=nu 0.07 1.00 0.12 -0.82 1.00 0.02ws 0.08 1.00 0.98 0.12 0.83wu 0.07 1.00 -0.08 0.83ws=wu 0.01 1.00 0.02z 0.05 1.00Labor Market Fritionsy | 1.00 0.63 0.88 0.74 0.79 -0.05 0.99 0.99 0.30 1.00 0.49 1.00 0.18 -0.04 0.03 0.05 0.68 0.65 0.30 0.26i 0.77 1.00 0.96 0.98 -0.06 0.83 0.85 0.19 0.97ns 0.05 1.00 0.95 0.07 0.71 0.69 0.28 0.89nu 0.05 1.00 -0.16 0.72 0.77 0.01 0.93ns=nu 0.19 1.00 0.03 -0.13 0.63 -0.16ws 0.07 1.00 0.97 0.42 0.85wu 0.06 1.00 0.19 0.88ws=wu 0.01 1.00 0.15z 0.09 1.00Comparing the reported orrelations with the empirial �ndings, we �nd that theoutput orrelation of the employment and wages are muh higher than found in thedata, although when labor market fritions are taken into aount the orrelationbetween output and employment is lower than in a model without fritions.Furthermore, we �nd a negative orrelation between output and low skilled em-ployment whih is not found in the simulation results, also the a negative orrelationbetween employment and wages is not found in the model. However, the high or-relation of low and high skilled employment whih is reported by the German datais reprodued in by both models. Also, the model with searh fritions reproduesthe negative orrelation between tehnology and relative employment found in theGerman data.All in all the ability of the models to reprodue some fats of the business yleis mixed. The model with perfet labor markets generally overstates the orrelationbetween variables whereas the seond model version understates the variability.26



7 Conluding RemarksAlthough the apability of the analyzed models to reprodue business yle fatshas to be improved, important insights onerning the transmission proess of teh-nologial hange under the assumption of labor market fritions and the e�ets onemployment and wages ould be derived.In partiular it ould be shown by the omparison of the two models, that rea-sonable impulse responses, i.e. the delayed response of labor market variables dueto tehnologial innovations, require a ertain degree of labor market imperfetion.In partiular, labor market institutions prevent the adjustment of wages whih ledto the persistent response of wage inequality in the model with searh fritions.Conerning the unemployment pattern of low skilled workers, the impliationsof the models are twofold. First, the demand for low skilled labor depends on theprodutivity of skilled workers as well as the eonomi position of the eonomy. Se-ond, the employment status of low skilled workers an be enhaned due to advanesin low-skill augmenting tehnology (e.g. better shooling, et.), however, the impatof suh a poliy is a�eted by labor market fritions. The results show, that aninrease in the produtivity of low skilled workers generate a higher employmentstatus of this group in a fritionless eonomy, whereas under labor market fritionsthe e�ets are rather low.Although, a detailed onsideration of rigid institutions due to high reservationwages or generous soial bene�t systems is left for future researh the results of thispaper show a possible way to examine the outomes of tehnologial advanes underthe existene of labor market fritions.
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Table 9: VAR Spei�ationsVariables (interept and linear time trend inluded)U.S., 1970.1-1998.4 Germany, 1973.1-2000.1Information ws=wu ws=wuriteria ns=nu ns=nuLP LPv=u v=uAIC 10 10FPE 10 10HQ 2 2SC 2 2AIC: Akaike Information Criterion; FPE: Foreast Predition Error;HQ: Hennan-Quinn; SC: Shwarz Criterion
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