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Unemployment and Productivity Gro\vth 

An Empirical Analysis within an Augmented Solo\v Model 

Abstract:. Does a country"s level of unemployment have an impact on the long-run growth 

rate 1 Incorporating unemployment into a generalised Solow-type growth model yields some 

answers. In the traditional Solow model. unemployment has no long-run influence on the 

growth rate and the level of productivity. The long-run level of productivity is reduced if 

higher unemployment leads to less formal education or to less learning-by-doing. If we allo\\ 

for endogenous growth. unemployment reduces long-run productivity growth. Using panel 

data from 13 OECD countries from 1960 to 1990. we find evidence that an increase in 

unemployment scales down the long-run level of productivity. 
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1. INTRODUCTION 

Does a country's level of unemployment have an impact on the long-run growth nte'' 

Persistently high unemployment rates in Europe over the last two decades indicate that 

unemployment is. at least to a large extent. not a pure business cycle phenomenon. This 

implies a continuing squandering of Jabour and of human capital in most European countries. 

Hence. it seems reasonable to ask. if given levels of unemployment influence Jong-run 

productivity growth or the Jong-run level of productivity itself. 

Unemployment is a severe problem in Europe, but not in the US. The decline in productivity 

growth has however been stronger in the US over the last decades of the 20'" century. Between 

1979 and 1997 the average rate of unemployment in the US was 6.7% and the average growth 

rate of Jabour productivity was 0.9%. In Europe the average rate of unemployment was 9.3'/( 

and the average growth rate of Jabour productivity was 2.2%. These figures might indicate a 

potential trade-off between unemployment and productivity growth. However. if we look at 

simple time series plots. the evidence lends at best mild support to this suspicion. Figure I 

shows the development of unemployment and productivity growth in Europe and in the US 

between 1960 and 1997. It is striking that there has been an increase in the rate of 

unemployment that goes along with a decline of productivity growth in Europe as well as rn 

the USA. 

Gordon (I 997) and Bean (1997) argue that this time senes evidence shows a causal link 

running from unemployment to growth. 1 Section 2 fonnalises this link lw introducing 

unemployment into an augmented Solow growth model. The model nests the standard Solow 

model as well as endogenous growth models as special cases. Our main argument is that 

unemployment reduces production and income and thereby the accumulation of physical and 

human capital via a reduction of savings. spending on education and Jearning-h\-doing. 

Therefore. unemployment might impinge negatively on productiYity and producti,ity growth 

in the Jong run. as in Bean/Pissarides (1993). In section 3 and 4 we put our theoretical model 

to an empirical test. where section 3 discusses the empirical specification and section 4 

presents the results of our estimates using a dynamic panel data framework. The main finding 

is that unemployment indeed reduces the level of productivity: Taken at face value our results 

suggest that if unemployment would have remained at the level of 1960 than producti\ ity 

today would be roughly 10% higher than it is. Section 5 concludes. 
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2. UNEMPLOYMENT IN THE AUGMENTED SOLOW GROWTH MODEL 

Employing a simple growth theory framework our focus is on the influence of long-run 

(equilibrium) unemployment on productivity growth. Following most parts of the literature 

(e.g. Layard/Nickell/Jackman (1991)) we assume that equilibrium unemployment is 

determined by the generosity of the unemployment insurance system and by institutional 

settings. such as the size and power of unions and the bargaining system. 2 Given the 

empirically reasonable assumption that the return from being unemployed is proportional to 

the income of the employed and therefore to productivity. these detern1inants of 

unemployment are not directly influenced by productivity growth. Hence. equilibrium 

unemployment is exogenous within our simple theoretical model. Note. however. that within 

an intertemporal framework there might be an indirect influence of productivity growth on 

equilibrium unemployment through either an influence on the discount rate or through a 

creative destruction effect (see Aghion/Howitt (1998) and Pissarides (2000)). Therefore. we 

will tackle potential endogeneity of unemployment in the empirical part of our paper. 

We start with a short-run model. Labour supply measured in efficiency units is given as N. All 

workers are assumed to be equally efficient. Unemployment reduces labour input in 

production: L = (1 - u)N. Available capital as well as the technological state of the economy 

is given. Firms use physical capital K and labour L to produce a homogenous output \". The 

production function is assumed to be of Cobb-Douglas type: Y = Ko:LJ~o: vv·i1h 0 < a < l. 

Profit maximisation implies that the marginal product of capital equals the interest rate r = 

o:Y/K and the marginal product of an efficiency unit of labour equals the ''age for an 

efficiency unit of labour w1 = (1 - o:)Y/L. 

Efficiency units of labour are composed of raw labour and of human capital H. The size of the 

workforce is N and efficiency of raw labour is E. Consequently. labour supply in efficiencv 

units is given as: N =HP (EN i 1-P. with 0 :s ri :s 1. Efficiency of raw labour depends on 

technical progress and on learning-by-doing3: E = E[K I (EN J]Y with 0 '.": y '.": l. Here E 

denotes the exogenous part of teclmological progress while physical capital norn1alised by the 

size of the workforce [K I (E N)fl captures the learning-by-doing effect. The size of the effect 

depends on y: with y = 0 there is no learning-by-doing and with y = 1 learning-by-doing is 

proportional to capital per head. The production function is then given by: 

y = (1- u)l-a Ka+y(l-o:J(l-PJHPO-o: ICE N p-aJO-PJil-y I ( I J 
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The production function encompasses five special cases. 1) With ~ = 0 and ·1 = 0 human 

capital is unproductive and there is no learning-by-doing. Efficiency units of labour depend 

only on the number of workers and on the exogenous technological state of the economy. as in 

the traditional Solow grow1h model. 2) With ~ = 1 raw labour is unproducti\·e and labour 

supply depends only on human capital built up by formal education. Therefore we obt<J.in an 

endogenous grow1h model in the spirit of Lucas (1993 ). 3) With 0 < ~ < 1 and y = 0 we get the 

augmented Solow model introduced by Mankiw/Romer/Weil (1992). 4) With 0 = 0 and 0 < y 

< 1 human capital depends on leaning-by-doing and fonnal education is unimport<J.nt. 5 I With 

~ = 0 and y = 1 we obtain a complete learning-by-doing effect and raw labour as well as 

formal education are unimportant. In this case the model is of AK type. as in Romer ( 1986 ). 

Productivity, defined as production per worker, is given as P =YI L. where I is the number 

of employed workers. Insert I= (1- u)N into the production function and divide by I to 

obtain: 

P = E (-K )a+yO-a)O-Pl(_H )PCl-aJ 
(1-u)" EN EN 

( ~· -) 

To establish the wage of a worker the labour share is divided by the number of 11 orkcrs " = 

w1 UL. Therefore. the wage is proportional to productivity 11 = (1 - ci)P. Now consider an 

increase in the rate of unemployment. As an important first result we see that this leads to an 

increase in productivity and wages and to a reduction of production and of the interest rate. 

This result holds for a given capital stock and a given level of labour efficiency. However. 

labour supply and capital and labour efficiency grow in the long-run. The work force gro\\s 

with the exogenous rate n = N and exogenous technological progress leads to growing 

efficiency e =E. Efficiency units of raw Jabour supply EN theret'ore grow at an e\ogcnous 

rate n + e. The equilibrium rate of unemployment stays constant and therefore labour t1'cd in 

production grows with the same rate as labour supply. 

In each period physical capital is augmented by investment K =I. where the dot denotes the 

time derivative K = dK I dt. Since we are interested in consequences of long-run 

unemployment and not in business cycle effects. we assume that all savings are invested I= S. 

Savings are prop011ional to income S = sY. Hence we have K = sY. Divide both sides h) K 

and use (1) to obtain the growth rate of physical capital: 

K = s(l - u)(l-a) - --
_ (H)PCl-a)(EN)Cl-a)(t-Pirt-··1> 

K K 
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Human capital is augmented by education. Spending on education is proportional to income 

and therefore we have H = zY, where z is the educational spending rate. Use the production 

function to substitute Y and divide by H to obtain the growth rate of human capital: 

- ( H )-a-y(l-a)(l-(\)(E N )(1-a)(l-PlO-y) 
H - (I )(I-a) -Z -u - --

K H (4) 

From (3) and (4) it becomes clear that an increase in the rate of unemployment reduces the 

growth rates of physical and human capital. 

We are interested in the impact of a discrete jump in the equilibrium rate of unemployment. 

Productivity growth can be obtained from (2) and it is obvious that it is determined by 

technical progress and growth of physical and human capital per capita. Since these are 

reduced by unemployment, productivity growth is also reduced. 

In the long run the economy converges to the steady state, where capital and production groll' 

with equal rates Y = K. Transform the production function into growth rates to see that from 

the steady state condition and E+ N =e +n it follows: K= 

[~H+(l-~)(e+n)]/[1-y(I-~)]. Two cases arise: I) with 0 S [l< I and 0 Sy< I the steadv 

state growth rate is determined by the exogenous rate of technological progress and population 

growth Y = K = H = n + e; 2) \Vith either 0 = I or y = 1 we have constant returns lo the 

factors that can be accumulated and therefore a balanced endogenous growth path with 

Consider the neoclassical model with 0 S 0 < I and 0 Sy < 1. In the steady state grovvth is 

exogenous and the growth rate of productivity is P =e. Hence. unemployment has no 

influence on the long-run growth rate. However. it might influence the level of producti ,·ity. 

In the steady state we have K = H = e + n and. according to (3) and (4). H/K = z/s. Physical 

capital per efficiency unit of raw labour k = KIE N and human capital per efficiency unit of 

raw labour h =HIEN are constant. Use these conditions in equations (3) and (4) to obtain: 

(5 I 

I I -(a+y(l-a.)(1-p I) 

h =(I - u )(1-(\)(l-y) (e: n )(1-a)(l-!ll(l-y J ( ~) (l-C1.)ll-fll0-·1 ! (6) 

An increase in the rate of unemployment reduces physical and human capital per effecti,·c rem 

labour. Now insert (5) and (6) into (2) to gain: 
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data framework. An advantageous feature of dynamic panel data models is that we do not 

have to rely on stochastic assumptions about the initial levels of technology. which has to be 

done in cross-section data regressions." Initial levels of technology as well as other time 

invariant country effects are captured by fixed effects. Exogenous technological progress and 

other time specific common shocks are modelled by fixed (deterministic) time effects. 

The general specification of our growth regressions as a dynamic two-way fixed effects model 

1s: 

(8) 

where y c.t is the log of the dependent variable. uc.t-T is the log of the country" s lagged 

unemployment rate, Xc,t-T is a vector of the log of lagged variables controlling for obsened 

time variant country characteristics, o0. Ii 1 and e are the parameter(s) (vector) of interest. >t, 

is a fixed country effect. llr is a fixed time effect and <c.t is a standard enor te1111 with Ec.t -

N (0. CT~ ). E( Ec.r .£ j,s) = 0. c 7' j or t 7' s. E(µ, .£ j.s) = 0 \f r. j. t and E( Xc. t. £ j.s) = 0 \f c. j. s. l. 

Using lagged values of all explanatory variables. any potential endogeneit' should be 

reduced.5 

Recent Monte Carlo studies (Judson/Owen 1999, Bun/Kiviet 1999) have emphasized that the 

finite sample properties of different inference techniques for dynamic panel data are still not 

well understood. We therefore use both the usual least square dummy variable estimator 

(LSDV) and a GMM-estimator proposed by Arellano/Bond (1991) to estimate equation ( S 1. 

With respect to the GMM-estimator in a first step equation (8) is first-differenced to wipe out 

µ.,. This allows us in a second step to exploit all lagged \'alues of Yc.t-H (i ? 21 as 

instruments in the first-differenced equation. Moreover. if endogeneity of some other 

regressors like the sa\'ing rate is an issue. these variables might be instrumented using Jagged 

rnlues of xc.t-i·T (i ? 2) as well. However. first-differencing introduces a 1110\'ing a\·eragc 

with unit root in the disturbance i\.Ec.t. The weighting matrix of the GMlv1-estimator takes the 

MA fom1 of i\.Ec.t into account.6 Our IV-estimator hinges upon the assumption that there is no 

2T-order serial conelation for the disturbances of the first-differenced equations. Therefore. 

\\e employ a robust test of 2T-order conelation suggested by Arellano and Bond ( 19911. 

Moreover. standard tests indicate that heteroscedasticity is an issue 111 our data. St:mclard 

enors and all test statistics are therefore robust to general heteroscedasticity. 
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P+y-py a+y(l-a)(l-PJ PCl-a) 
p = E(l- u)O-P)(l-y) (-S-)(1-a)O-Pl(l-y) (-Z-)(1-a)O-P)(l-y) 

e+n e+n 
(7) 

As an important result we see that for either~> 0 or y > 0 unemployment reduces productivity 

in the long run. Only if~= 0 and y = 0 there is no effect on the long-run level of productivity. 

Hence. whenever unemployment effects labour efficiency - either through fonnal education or 

through learning-by-doing - an increase in unemployment reduces the long-run level of 

productivity. 

Now consider endogenous grovv1h. Withy= 1 the model delivers endogenous growth through 

learning-by-doing. From (3) and (4) we obtain: y = K = H = (1- u)1-asl-PO-aJzP(l-a). If ri 
I holds \\'e obtain endogenous growth through fonnal schooling 

Y = K = H =(I- u)1-asazl-a regardless of the level ofy. In both cases productiYity grov\1h 

is reduced by an increase in unemployment. since f> = Y - n holds. 

Finally. have a brief look at the process of adjustment induced by an increase in the level of 

unemployment. In the short run the increase in unemployment leads to an increase in capital 

per worker. Therefore productivity and wages rise. but income is reduced. This leads to a 

decline in savings and in educational spending. As a result. the growth rates of physical ancl 

human capital are reduced and productivity growth is also reduced. The long-run effect 

depends on the size of the influence of human capital and learning-by-doing in the production 

function. I) When human capital does not matter and there is no learning-by-doing. 

productivity growth returns to the exogenously given levels. What is more. even the level of 

productivity is not affected in the long run. 2) When raw labour is producti,·e and either 

human capital is also productive or there is some learning-by-doing. the gro11 th of 

productivity returns to the exogenous levels. However. the transitory decline in producti\ it' 

growth reduces the level of productivity in the long run. 3) When there is endogenous gnm th 

either through complete learning-by-doing or through human capital accumulation. the growth 

rate of productivity declines to a new steady state level. Hence. we ha,·c a pcnnancnt 

reduction in productivity growth. 

3. EMPIRICAL SPECIFICATION AND DATA 

To test for the impact of unemployment on growth we will augment standard grlm th 

regressions by levels and changes of the lagged unemployment rate. as motivated tn our 

theoretical model. To capture dynamic as well as long-run effects we exploit a dynamic panel 
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Our data set covers 13 OECD countries' from three sources. Real GDP per worker as a 

measure for labour productivity. the investment share of GDP in percentage points as a proxy 

for the saving rate. capital stock per worker (all three at constant 1985 international prices) 

and the average population growth are drawn from the Penn World Tables version 5.6. 

The unemployment rates are the OECD standardised unemployment rates. Our proxy for the 

country's stock of human capital is the percentage of secondary school attainment in the total 

population aged 15 and over, which is drawn from the Bano/Lee (1996) data set. Like most 

other studies (Temple 1999) we opt for a five year time interval to remove the efl"ects of 

business cycles. i.e. the lagged unemployment rate is taken as an average over the 5 years 

preceding t - r. respectively Yc,t - Yc,t-t are five year differences. Besides the lugged 

averaged unemployment rate we introduce somewhat ad hoe the change in the c\\'eraged 

unemployment rate t. av(u) = av(ut-1,t-r )- av(ut-t-l.t-2t) and the average annual growth 

. ' rate of unemployment over the five years precedmg t av(t.(u· )) to capture shon-run 

dy1rnmics. 

However. using 5-year averages leaves us with a small data set with respect to the time 

dimension. As a check of robustness. we therefore additionally run some regressions '' ith 

annual data within an error conection framework. Since we have standardised unemployment 

rates starting in 1964 up to 1997. but only information for the secondary school auainment 

from 1960 to 1990, we exploit data from 1960 to 1990.5 Table A in the Appendix pro1idcs 

descriptive statistics for all variables used in the empirical analysis. In our data the Jog of 

averaged unemployment is negatively correlated with productivity growth as indicated by an 

overall correlation coefficient of p = -0.47 (p = 0.00 l ). Country-specific corrc lation 

coefficients of unemployment and productivity growth range from -0.83 (Netherlands I up to 

0.10 (UK). Except for the UK all country specific correlation coefficiems are negmiv·c. 

-I. RESULTS 

We start with a dynamic analysis of the bivariate relation between the level of productivity 

and lagged unemployment using LSDV- and GMM-estimators. The underlying argurncm of 

our theoretical model is that productivity growth might be reduced by an increase· of 

unemployment via reduced savings and educational expenditures (sec equations :'\ and 41. 

Therefore. we also analyse bivariate conelations between lagged unemployment and physical 

capital and lagged unemployment and human capital per worker. The reason for the 

parsimonious specification is that due to the potential mechanical conelation bet\\ ecn the 
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investment share of GDP in percentage points and GDP itself the signal in the other 

explanatory variables of interest might be low conditional on investment (see Barro (1997) 

and Krueger/Lindahl (1999)). Table I displays our results. 

Columns I and 2 of Table I show the results of the LSDV- as well as the GMM-estimator for 

the productivity equation. The estimated parameters for lagged unemployment are both 

significantly negative. Hence. we find a negative correlation between lagged unemployment 

and productivity. which is in line with our theoretical model. In addition. the estimated 

parameters of the short-run effect of unemployment are significantly negative. Therefore. 

within our five-year time span the initially positive effect of an increase in unemployment on 

productivity is totally purged by the following adjustment process. Columns 3 and 4 show the 

results for capital per worker. The correlation between lagged unemployment and capital per 

worker is significantly negative and is greater than the negative c01Telation between labour 

productivity and unemployment. This provides supportive evidence for the underlying link 

that an increase in unemployment goes along with a decrease in capital accumulation. 

Columns S and 6 indicate that we do not find any significant conclation between lagged 

unemployment and human capital measured by the secondary school attainment rale. Only the 

estimated parameter for the short-run averaged growth rates of unemployment in the LSD\' -

model is significantly positive. which is not in line with our simple model. but might be 

explained by the fact that young people might stay in school in the short run "hen 

unemployment increases. 

With respect to the different Wald statistics (Wald_P. Wald_C. Wald_TJ the panel 

specification of our parsimonious models seems to be appropriate. The BP-statistics indicate 

that heteroscedasticity is an issue in our data.9 Considering the m2 statistics. there 1s no 

evidence for serial correlation in the disturbances in our underlying model in ]c,cls. 

In a second step we estimate our extended version of the standard augmented gnm th 

regression introduced by Mankiw/Romer/Weil (1992). The following specification can be 

derived from equations (5). (6). and (7). Instead of employment rates \\ e use unemployment 

rates to assess the effect of unemployment directly. In addition to the lagged unemployment 

rate we introduce somewhat ad hoe the change in the averaged unemployment rate .:la' t u I 

and the average annual growth rate of unemployment O\'Cr the five years preceding t 

av(.:'l(u 5 
)) to capture short-run dynamics: 

(91 
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where sk is proxied by the log of the average investment share of GDP over the 5 years 

preceding t. h is the log of the secondary school attainment rate as provided by Bano/Lee 

(1996). ' 0 (n + e + d) is the log of the average rate of population growth in the relevant 5-year 

interval plus exogenous technological progress e and depreciation d. In line with brge parts 

of the literature we take (e + d) to be equal to 0.05. Table 2 shows our results. 

Column I and 2 report LSDV- and GMM- estimates of equation (9). The estimated 

parameters for Pc,t-t are both significantly positive and clearly unequal from one. Hence. we 

observe convergence to the exogenous trend captured in the time effects in our data. The 

implied convergence rate ranges between 0.11 and 0.12 and is in line with results presented by 

Islam (1995) and Caselli et al. (1996). 

The estimated parameters for the lagged level of unemployment are both significantly 

negative. Hence we observe a negative impact of the lagged level of unemployment on 

productivity. as suggested by our model. The implied long-run elasticity of productivity with 

respect to unemployment is roughly --0.08. 11 This indicates that unemployment does indeed 

have a remarkable long-run effect on productivity in our data: since uncrnplovmcnt in some 

countries roughly doubled over the observed period. our estimates imph that their 

productivity today would be 8%, to 10 % higher than it would have been withoul the increase 

in unemployment. 

The estimated parameters for hare never significantly different from zero. This is again in line 

with results provided by Islam (1995) and Caselli et al. (1996). This result might be due to 

measurement enor (Krueger/Lindahl 1999). Secondary school attainment rates are clearly a 

very poor proxy for human capital. in particular if only OECD countries are considered. 

However if we take the result at face value than we have to conclude that the negatiYe clTect 

of unemployment on productiYity is due to a learning-by-doing channel. i.e. higher 

unemployment means fewer opportunities for learning-by-doing. The estimated parameters for 

[sk -(n + e + d)] are positive and significant. The implied shares of capital are equal to 0.~3 

(LSDV) and 0.32 (GMM). which conesponds to other results (Gollin 1998 ). 

Considering the fit of our regressions. all Wald statistics indicate that our panel specification 

is appropriate. Again. the test statistic of the Breusch-Pagan test indicates that 

heteroscedasticity is an issue in our data. Moreover. them, statistics give supporti\e c\·idencc 

for the validity of the GMM-procedure. 

One might argue that endogeneity of both capital shares and of lagged unemployrncnl is an 

issue in our data. e.g. rapidly growing countries are able to attract more investment. To check 



for endogeneity we exploit lagged values of all explanatory variables as instrumems in the 

GMM procedure. Column 3 of Table 2 shows that the results remain stable with respect to the 

convergence parameter and the estimated parameter for the lagged level of unemployment. but 

that none of the other estimates is significantly different from zero. 

Following the empirical growth literature (Temple 1999) and using five year averages to wipe 

out any cyclical effects leaves us with a panel data set with a small dimension with respect to 

T. To check for the robustness of our results, 12 we therefore ran some additional regressions 

using annual data from 1965 up to 1990. Since we do not have annual data on human capital. 

we restrict ourselves to parsimonious specifications like the one documented in Table I. We 

specify ad hoe error correction equations with fixed effects for both labour productivity 

growth and for growth of capital per worker using the LSDV- and GMM-estimator. To test for 

cointegration between productivity (capital per worker) and unemployment we compute two 

residual based tests of the null of no cointegration in panels suggested by Pedroni ( 1999). 

With respect to labour productivity both tests reject the null (panel-t:-2.91: group-t:-36.8). 

with respect to capital per worker only one test rejects the null (panel-t:-0Jl3: group-t:-2J1.1.' 

Table 3 displays our results for the ECM estimates. 

Column 1 of Table 3 shows that we again observe a significant negative conelation I u < 0.1) 

between lagged unemployment and productivity using the LSDV-estimator. " More cl\ er. \\ith 

respect to the short-run dynamics we find a positive relationship of productivity growth and 

the change of unemployment as predicted by our model. The estimated parameter for the 

lagged level of productivity is significantly negative. which is in line with the results of the 

cointegration tests. However. column 2 shows that we do not obsene any significant 

relationship between lagged unemployment and productivity growth within the Ci'\1'.\1-

framework. Hence, based on annual data. we find only partly supporti\e e\idencc for a 

negative long-run conelation of unemployment and productivity. 15 Column 3 and -l indicate 

that we obsen·e a significantly negative conelation between lagged unemployment and gnm th 

of capital per worker in our data. These results are in line with our estimates presented in 

Table I. 

5. COl\'CLUSION 

To answer the question whether unemployment influences producti\ity in the long run \\ e 

incorporate equilibrium unemployment into a generalised augmented Solow-type gro\\lh 

model. The model shows that in a neoclassical framework an increase in equilibrium 
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unemployment reduces the long-run level of productivity if unemployment has an effect on 

labour efficiency - through either formal education or learning-by-doing. In an endogenous 

growth frame work unemployment reduces productivity growth. Using data for 13 OECD 

countries within a dynamic panel data framework we find supportive evidence for the 

conditional convergence hypothesis which implies neoclassical growth and for a negative 

impact of the level of unemployment on the level of productivity. However. our empirical 

analysis does not provide any evidence for an effect of formal schooling on productivity. In 

terms of our model the negative effect of an increase in unemployment on the level or 
productivity is therefore due to reduced savings. capital accumulation and learning-by-doing. 
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Table 1: Parsimonious Specifications 

Productivity Capital per \Vorker 
(ln(P0)=po) (in(K/LJ"=kll 0) 

LSDV GMM LSD\' GMM 

Pc.t-t 0.578** 0.600** kl! c.t-1 0.731** 0.794*'* 
(0.062) (0.048) (0.043) (0.044) 

U c.t-T -0.040* -0.040* 0 c.t-r -0.081 •• -0.058'" 
(0.016) (0.018) (0.019) (0 023 I 

,',av(u) -0.005 -0.001 6av(u) -0.102** -0.117*•* 
(0024) (0.026) (0.031) (0.037) 

av(,',(u')) -0.139* -0.152* av(1'(u')) -0.067 -0.021 

(0.065) (0.065) (0083) (0.066) 

R' 0.97 0.98 
(Id/ 

BP (dfJ 7.4 (2) 16.7 (3) 
Waid_? (dfJ 264.8 (13) 4190(]3) 
Wald _C (uf} 48.8 (12) 85.4(12) 
Wald_X (dfJ 155.69 (4) 233.4 (4) 503.3 (4) 677.0(4) 
Wald_ T (dfi 236.10 (5) 52.6 (4) 137.8 (5J 58.6 (4) 

1111 -2. l -1.7 

1112 -0.I -1.6 

Notes· N1 LSD\'\= 65 ( 13 countries * 5 intervals). J\'1G/\1l\'11;;o;52 

,',av(u) 

Hu1nan Capital 
(ln(h ),.1:::; hu \ 

LSD\. 

0.406'"'' 
(0 104) 

-0.029 
(0.060) 

0.088 
(Q.058 l 

0.652';.:~ 

(0.1071 

-0.170 
(0.150) 

-0 048 
(().092 l 

av(c\(u')) 0.606*"' -0.022 
(03081 (0.221) 

0.89 

15.6 (3) 
87.8 (131 
56.01121 
27. l (..J.i 
53.lJ (5 I 

60.(1 (..J-J 
] 1.-1- i -1- I 

-J.l) 

-U.S 

Robust standard errors in parentheses. (CX <0.05,1 ~ (u < 0.011 Test _<.tatistics an; robust 10 hdcrosc:i:dast1c11:-
Tllne dummit:s included in a!l regression. 
BP: Breusch-Pagan test for heteroscedasticity using within residuals \H\1: ht1moscedas1ic1t; 1 
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\Vald_P: \Vaid test with Ho: no joint significance of country effl'cls: \V;:;.id~_C: \V;:;.ld test \\'lth ll,_,: 1dcn!ICJ.l coun1:-:- cflcct< \\'~dJ_:'\ 

\\';:;.ld t<:st wnh Hu: no joint signific;:;.nce of all independent Yanables (<:xc!udrng time dL1mmic~,1. \\';:;.Jd_:r· \\'ald k~t with H,, nu _i,,m1 
signrf1cancc of time dummies. Degrees of freedom for z' -statistics ;:ire reported rn parentheses 
m:. Test of r-ordcr con-elution of disturbances: m,:. Test of 2r-ordcr con-elation of disturbances. H,,: no "-orckr conclat:on BcHh te.<t~ 
;:;.re distrihuted N10. l t 

ln;;trumtnts used in the GM\.1-estima1es are all ;i\·aibble laggcJ values of Y,-.i-~· ;iii time dumm1ts ar!d ;_,![ ci;h-~r •:\_pbn.,1l•r; 

'ariables 



Table 2: Standard Growth Regressions 

LSDV 

Pc.t-T 0.562*" 
(0.047) 

Uc,t-t -0.031* 
(0.016) 

~av(u) -0.006 
(0025) 

av(~iu')I -0.143* 
(0.062) 

sk -(n+e+d) 
0.174* 

(0.074) 

h 0.013 
(0.029) 

R' 0.97 
""i 

BP (df) 8.4 (3) 
Waid_p (df) 105.7 (13) 
Wald_C (df) 69.5(12) 
Wald_X Cdf) 181.4(6) 
Wald_T (dfJ 96.l (5) 
m1 
n12 

Notes· N1LSDV1 = 65 113 countries* 5 intcrvals'1- NtGl\.1\.1,1=52. 

GMM 

o.57r·* 
(0.039) 

-0.030* 
(0.014) 

-0.0003 
(0.029) 

-0.136~' 

(0.068) 

0.246* 
(0.101) 

0.01 l 
(0032) 

729.0 (6) 
60.9(41 
-2.0 
0.6 

GMM' 

0.S.16** 
(0.052) 

-0.037°' 
(0 014) 

-0.015 
(0.030) 

-0.125 
(0.073) 

0.216 
(0.1431 

0.019 
(0 023 I 

45) .-+ ( 6) 
55.7 (..J.:1 
-2. l 

O.S 

Robust standard eJTors in poremheses. *(a <0.05): **(a< O.Ol J Test statistics are r0hus1 Ill hetel'o~ccd:i,t1ci1:-
Time' dummies included in all regression. 
BI': Brcusch-Pagan tes1 for heteroscednslicity using within residuals tHo: homosccdasticity 1 

\\';i]{J_P: \\';::lid test with Ho: no joint significance of country effects: \ValU_C: \\'ald tesl \>ilh Hr_ 1dc·ntic1l country c::·IL'c > 
\Vald_X· \\"ald test with H0: no joint significance of J!l independent \'ariablcs (excludin& unw dummk·~ L \\':..IJ __ r \\ !le! tc-,· 
with Ht,: rJ() _1omt significance of time dummies. Degre.;s of freedom ror }'.:·statistics are reponed in p:in:nthesc~ 
m 1 Tes! of r-ordcr corr.;lation of disturbances: m": Test of 2r-order correbtion of d1sturb;:inccs H,,: no '-order cunelatwn H< 1·i-

tes:s ;:irL' cl1stiibutci.l N10.1 J. 

(::i.1 lnstrumen\5. u5.ed in the Gr--1lv1-cstim::i.tes are all a\·ui!::i.b!e lagged Yalues or Pei-•· all tirrL· dumm1c'' ;m,i .t!l (1~]-.·-" 

explanator:-· Yariabks. (b) Additionally instrumenting unemployment und brnh capnal ~h:ires by l::iggt:d \:Jilt<'~ 11-2:. rc·,r,·~\!' c·,1 

! - 2n \\Ith 1 ~ ·1 of relevant vari::i.bles. 

IS 



Table 3: Parsimonious Specifications (annual data) 

Productivity Gro\vth 
(l;p,,) 

Capital per \\'Orker GrO\\'th 
("kl!., ) 

LSDV 

lrc.t·l 

Pc.t· I -0.118** 
(0.016) 

uc.t-1 ·0.006+ 
(0.003) 

luC.t·I 0.015+ 
(0.008) 

~Uc.t-1 0.020** 
(0.006) 

~uc.t-3 0.018** 
(0004) 

l'.uc.t-4 
0.021·•·* 
(0 005) 

R' 0.60 
od/ 

BP idfl 102.6 (6) 
\Vaid] ( df) 144.I (13) 
\Vald_C (df) 41.1 (12) 
\Vald_X (dt) 87.6 (6) 

ml 
111; 

GM11 

·0.371 *'' 
(0.126) 

·0.022 
(0.045) 

0.044 
(0.031) 

0.034 
(0.024) 

0.028+ 
(0015) 

0.028*'' 
(0.010) 

74.8 (41 
-2.7 
0.1 

l'.kll c.t· l 

k/I c,t·I 

uc.t-1 

l'.uC.t· I 

l'.uc.t-2 

l'.uc.t-3 

luc.t-4 

NotcY Ni LSDV 1 = 286 113 countries ' 22 intervals\ N1 G/\ll\·11=273 
All \·ariahks arc deviations from period mean~ 

LSDV 

0.100 
(0.111) 

-0.089** 
(0.027) 

.0.019·•·•· 

(0.007) 

-0.008 
(0.005) 

0.67 

418.4 (2) 
176.4(131 
93.1 (12) 
39.3 (4) 

Robust standard arors in parentheses. +(u < 0.1 i:* (o: < 0.05); *'* 1u < 0.01 ·1 
Test statisucs are robust to heterosccdasticity 

GMM 

0.029 
(0 067) 

-0.11 CF' 

10.0191 

.o 024'. 
(0.0081 

0.005 
(Q.0101 

186.~ (..+1 
-1.7 

· l.6 

BP: Breusch·Pagan test for heteroscedasticily using \\ithin residuals. 1H0: homo~ccdasi1~·1t: 1 
\\'altl_P: \\'ald \o;q wnh Ho: no significance of country effects: \\':i!d_C: \V;ild tes\ \\ 11h !-I,: iJL·nu~-;1! ~·(>t::Jln ,•_1 ,'c~i, 

\Vald_X· \\'alcl te~t 11llh Ho· no joint significance of all independent \·ariabk•> 
lkgrees of rreedom for zc -stati sties an: reported in parentheses 
m1 TL·st of CiGt-ordcr COffeiation of disturb;:mces: m2: Te.'\ of .\tcond-order concbtion of disturb:rnL-, 
Hri· no -order correlation .. Both tests are di,trihuted N1 0.1 ; 

Instruments usr:d in the Cil\lt\'1-esumaies :ire all al';iibbk lagged 1alues of Yi:.t-l and ail nth,·r t:\ri~111:i1,11·: \~ll'1~1:11 
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APPENDIX 

Table A: Descriptive Statistics 

variable n1ean 

p C.t I 0.11 

U C.t-T 1.16 

D.av(u) 0.29 

av(b.i u' )) 0.05 

s,-(n+e+d) 6.12 

11c.T 3.60 

kl!,., 10.18 

std.-dev. 

0.22 

0.78 

0.3.f 

0.10 

0.19 

0.43 

0.41 

Note: N = 65I13 countries* 5 intervals) as in LSDV-procedures 
The countries are Austr<ilia. Belgium, Canada. Finland. France. 
Germany. ltaly. Japan, Netherlands. Spain. Sweden UK and USA 

10 
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1 The traditional link bet\veen une1nployment and productivity is represented in Okuns la\v. HO\\'e\·er the focus c1f 

Okuns \a\v is on short-run de1nand dynainics. see Gordon ( l 979). Neither the slo\\'dO\\'ll of producti\·ity grCl\\'lh 

nor the increase in unemployn1ent over the last decades can be explained by such short-run business cycle effe1.:b. 
1 Empirical evidence on the determinants of equilibrium unemployn1ent is provided by Bean ( 1994 J ::ind Nirktll 

(1998) among others. 
3 The incorporation of a lean1ing-by-doing channel \vas stimulated by the suggestion of an anonyn1ous referee . 

.t Standard augn1ented gro\vth regressions relying on cross-section data have to deal \Vith the prohlen1 that the 

initial level of technical efficiency [E(O)] for each country· is unobserved. This introduces an on1itted \'ari.:tble bias 

if one or n1ore regressors are correlated \\'ith the initial level of technical efficiency (Caselli et a!. 1996. Te111ple 

1999). To solve the problem Manki\v/Ron1er/Weil (1992) assun1e that E(O) is a linear function of a .strichastlc 

technology shifter, \Vhich is independent of all explanatory variables. The dynan1ic panel datzi fraine\\'Ork has al$o 

been used by Islam (1995) and by Caselli et al.(1996). 

"\Ve \vill address endogeneity probletns in more detail later on. 
6 This is Arellano and Bonds' GMJ\11-estiniator. In most J\{onte Carlo sin1ulations (Jud:,L1n/()\\'tll Jl)CJl). Kie\ it 

1995) Gl\1i\11 outperfonns G1.i11-12 if one takes the sample size of our data set intl) account ,-\11 Ci\1\1-

estiinatiuns are carried out using GAUSS and the DPD-tool de\·elopcd b:, i\·1. :\rellano and S. Bond 

(Arellano/Bond (1988)). 
7 The countries are A.ustralia. Belgiun1, C;:inada. Finland, France. Gern1any. Ital). Jap;.in. r'\ethcr!:inJ._, . .Sp;.iin. 

S\veden, United Kingdom and USA .. 

s This iinplies that \\'e use the unen1ploy1nent rate in 1964 as a proxy for the average uncn1pluyn1cnt r~tlt uf the 

years 1960 to 1964. 
0 In Tahle 1 \\'e use \Vhite estin1ators to compute robust standard etTors. Ho\Yt\·er. the finite ;;.a111plc 

characteristics of \Vhite's estimator are \vide!y unkno\vn (Greene 1997, p. 549). \\:e thercfl"1rc ahn cnnlJ'lU1l' .111 

alten1ative estin1ator reco1nn1ended by Greene (1997) for the LSD\' n1odel. The crucial re~ult;;. \vith n::--pcl·t to the' 

Jagged ]e\'el of une1nployn1ent ren1ain stable but the standard e1Tors are higher. e.g. the e~tin1::ited <..,tanUard c1Tur.~ 

frir ur.:-i are in colu1ru1 1 s,, = 0.021 and in colun1n 3 s, = 0.023. 

w Follo\ving pre\·ious panel data esti1nates \Ve use this stock measure for hu1nan capital. F!n\\' 111t:a;,ure" U<..,l'd h;. 

J\'1anki\\'/Ron1er/\Veil ( 199:?:) are not available for 5-year intervals. 
11 Note that using the above 1nentione<l alten1.:i.tive estin1ator to con1pu1e robust standanJ errors doe" nut chJnge 

the results qualitatively. Ho\\'E\'er. the standard error for the estin1ated paran1eter of lagged unen1plu;, 111e;ll in the 

LSD\' 1nodel is then 0.018, \Vhich in1p!ies a significance level of only 100(. 
12 \\'e also check for the i1npact of different \\'Jys of five-ye;:ir a\·eraging the data b) n1can" of ch;1n:-,:111g the 

starting year (e.g. 1961 instead of 1960). Our n1ain results \\'ith respect to unen1ploy1nent anJ L'l)!l\trgenl'C re1n~1in 

sw.ble. 
13 Follo\ving Pedroni's (1999) tenninology \Ve con1pute the panel t-statistic (paran1etricJ and the :,:roup t-~t:ui:-ri,_· 

(para1netric). \Vhere \Ve include country specific deterministic time trends in the panel cointegration regre~slon. 

The \'J.Jues of the test statistics have to be co1npared to the appropriate tail of the non11al Jistributiun. 



i-1 This result holds \\'hen \Ve use the ahove 1nentioned different robust estimator of the standard e1TOL 

15 Daveri/Tabellini (2000) find a significantly negative relationship bet\\'een une1np!oy1nent and producti\·ity 

gro\\th in their study using five year a\'erages of the data. Note that using producti\'ity gn)\vth i1nplies that they 

impose the restriction 00 = 1 in equation (9). 
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