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ABSTRACT

Employment Adjustment in Portugal:
Evidence from Aggregate and Firm Data

This paper examines the pattern of employment adjustment in Portugal. First, the issue is
addressed using a long time series of aggregate data. Although the employment data show
persistence, there is nonetheless a fairly rapid rate of employment adjustment. Second, a
much shorter time series of firm data is used to check the persistence detected at aggregate
level, and also to examine the contribution of atypical work over the cycle. Consistent with the
aggregate evidence, and despite stronger employment inertia, there is no suggestion in the
firm panel that labour demand is cyclically unstable.
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1. Introduction

There haslong been interest in the process of labour market adjustment. Thus, the presence of
firm-specific training introduces employment adjustment codsts, thereby ensuring that firms
will not expand/contract employment in immediate response to increased/decreased sales.
Similarly, there are dher elements of fixity produced by the costs of the personnel function
and government-mandated benefits such as hedth and pension programs. Most recently of
course, attention has focused upon firing costs rather than hiring costs. Much effort has been
expended on isolating the effect of employment protection on the levels of employment (and
unemployment) and on the speed of adjustment of labour demand to changes in output (see,
for example, Burgess, 1988; Bentolila and Bertola, 1990; Hamermesh, 1993; Abraham and
Houseman, 1994; Scarpetta, 1996; Garibadi, 1998; OECD, 1999; Addison, Teixera, and
Grosso, 2000; Blanchard and Portuga, 2001). It is conventiona to argue that employment
protection lowers the speed of adjustment of employment to changes in output, even if the
effects on economic aggregates are ambiguous a priori principaly because of the opposing

effects on hires and dismissals.

In the present exercise, we are not directly concerned with measuring the impact of
employment protection per se. Rather, our concern is with the broad analytics of employment
adjustment in a country — Portugal — often portrayed as an exemplar of labour market
inflexibility. Our analysis of aggregate data, which focuses on the statistical properties of the
employment and output time series in addressing the pattern of long- and short-run
employment adjustment, provides scant evidence of terminal inertia. Indeed, employment is
shown to adjust comparatively rapidly to desired levels. Our more detailed analysis of labour
demand at firm leved fulfils two functions. Firgt, apart from providing estimates of rea wage
eladticities, inter a., it aso provides a rough and ready check on the inertia in employment
adjustment observed in the aggregate series. Second, in distinguishing whether a firm isin
recesson or expansion, it tests for the cyclica stability of labour demand; specificaly, a

reduction in employment persistence during upturns. The latter point is highly relevant



because of recent research for neighbouring Spain pointing to cyclicd ingtability in labour
demand produced by the use of temporary work or, more accurately, the deployment of fixed
term contracts with negligible to nonexistent firing costs (e.g. Bentolila and Blanchard, 1990;
Bentolila and Saint-Paul, 1993; Bentolila and Dolado, 1994). The argument is that recourse to
such atypical workers means that firms will be less reluctant to hire in the upturn, so that
employment should evince less persistence. Consistent with our aggregative evidence we find
no evidence of instability in the demand curve. Although we are less than surprised by this
result, given the comparatively low incidence of fixed-term contracts in Portugal (circa 14%,
as compared with over 30% in Spain), the relative ease with which such contracts can be used
would again seem to challenge the view that open-ended employment in Portugd is tightly

regulated.

The plan of the paper is as follows. Section 2 introduces the aggregate data as well as the firm
panel. Results for the two datasets are separately considered in sections 3 and 4. The threads

of the preceding empirical arguments are drawn together in section 5.

2. The Data

Our time-series data on employment and output at manufacturing industry level cover the
period 1977:1-1977:4, and were collected from the Portuguese Statistical office (INE).
Specifically, the output series were drawn from Contas Nacionais Trimestrais — INE (May,
1992; June 1998), while the employment data were taken from Inquérito Permanente ao
Emprego, Inquérito ao Emprego, and Estatisticas do Emprego. These employment series
required some manipulation, however, to control for severa doatistica breaks. In our
procedure, the origina quarterly series published by the INE were adjusted by the annua
series published by Bank of Portugal (1997) assuming the same originad quarterly shares. In
addition, because manufacturing employment was available on a semi-annual basis between
1977 and 1983, quarterly figures for this period were computed using quarterly employment

indices for the manufacturing sector published by the Portuguese Ministry of Labour.



Our labour demand model, specified in section 3, aso requires information on input prices of
l[abour and energy. Between 1977 and 1990, manufacturing wages are given by an index of
quarterly average earnings published by the Ministry of Labour. This series was discontinued
in 1991. Theredfter, the wage information pertains to negotiated wages at industry level,
which is used to complete the series up to 1997. The input price of energy is given by the
deflator of the energy sector and was computed from Contas Nacionais Trimestrais (valores
sectoriais). The relevant series are presented in panel (a) of Figure 1 and will be further

commented in section 3.

The andysis of employment adjustment at firm level uses an initid sample of 1,970 firms
taken from the data base of balance sheet records (Central de Balancos) of the Bank of
Portuga for the period 1990-1997. The data base contains information on sales, cost of
materias, labour costs (specificdly, the wage hill), fixed and intangible assets, and the level
of employment. All nomina variables are expressed in rea terms (1995 prices) using the
GDP deflator. The stock of capitd was computed using a recursive “lagt in-first out”
revaluation method that takes account of economic depreciation over time. Our calculations
follow the procedure described by Bentolila and Saint-Paul (1992, p. 146) and involves
computing (a) the initial market value of the capital stock (tangible assets) for each firm at the
beginning of the period (this calculation assigns a given average depreciation rate, while the
price of capita is proxied by the deflator of gross fixed capital formation), and (b) the redl
capital stock for successive years, based on the initid market vaue computed in (a) plus

investment minus annual depreciation.

We applied severd filters to the origind sample, resulting in a balanced pand of 1,552
manufacturing firms (excluding the oil refining sector). All firms in the sample have at least

five paid employees and both the volume of sales and the cost of materials were restricted to



at least 1,000 contos (thousand escudos) a year. The input price of materials and labour are
obtained by dividing the relevant total costs by the number of employees.
[Table 1 near here]

Panel (a) of Table 1 provides descriptive statistics for the relevant variables. The average firm
Szeis 100.5 employees, but 70% of the firms have less than 75 employees and total sales do
not exceed 400 thousand contos for one half of the sample. The distribution of firms, both in
terms of output and employment, is left skewed. However, given the non-random sampling of
the dataset (Central de Baancos), medium and large firms are over-represented in the data
base." The average growth rate of sales in the sample period (0.4% per year) is smaller than
for the entire manufacturing sector (0.8%). The loss of manufacturing jobs is also smaller in
the firm sample, but, as shown in pand (a) of Appendix Table 1, the pattern over the period is
smilar. Labour costs per employee show an upward trend, while the growth in output per
employee seems to follow the pattern of sales growth. Finaly, panel (c) of Table 1 shows the
proportion of firms in expansion/recession. The large mgority of firms had dumping sales
between 1991 and 1993. Firms were hit particularly hard in 1993, with an average
(unweighted) sales growth of -7% and 70% of the sample in recession. Expansion started in
1994, and from that year on a mgority of the firms in the sample were in expanson. The

average (unweighted) growth in sales for the period 1994-1997 was 1.5%.

3. Employment Adjustment at Manufacturing Industry L evel

First consider the time series properties of outputy, employment |, and the relative input
price of energy p/w (theinput price of energy divided by real wages) over the sample period
1977:1-1997:4. The relevant series are presented in Figure 1, in levels and in first and fourth
differences. Inspection of the pand (b) of the figure seems to indicate that the series are
stationary after first differencing, while the fourth differences, reported in panel (c), suggest a

close relationship between employment and output, with an upward swing in the late 1980s

and two recessionsin the early 1980s and 1990s.”



[Figure 1 and Table 2 near here]
Formal unit root tests are presented in Table 2. The first column shows the results from the
ADF test on levels of the variables. The null hypothesis is that the series are integrated of
order one at the zero frequency (i.e. in the long run). In none of the cases does the tpr
statistic exceed (in absolute value) the critical value. To further check on the presence of a
single unit root, we applied the Dickey-Pantula (1987) test which first tests for two unit roots
(second column of Table 2) and then for a single unit root (third column). Based on these
tests, employment, output, and the relative price of energy are rejected as 1(2) but not as 1(1).2
Accordingly, the proper way to proceed is through cointegration analysis, because standard
OLS methods using leves of employment and output will yield non-consistent estimators (i.e.
the associated standard errors are not asymptotically convergent). In this case, the leve
variables included in the regresson are (1), and the estimated relationship — the cointegrating
relaionship — can be interpreted as the long-run equilibrium if the estimated residuds are
gationary, or 1(0). Simply running a model in first differences — which are 1(0) — will
introduce misspecification bias by failing to account for the underlying relationship between
the levels of the variables. The modd in differences must then be replaced by an error
correction model (ECM) that includes dl differenced variables as well as an error correction

term (i.e. the past deviations from the long-run equilibrium).

To test whether employment and output are cointegrated or not — that is, whether thereis any
vector a such that z - aX; =m is 1(0) — we begin with the static employment-output
relation including atrend term and the relative price of energy (al variables are in logs):

Iy =4.33+0.396y; - 0.005T - 0.034(p/w); . €N

T=67; R?=0.93; DW=0.50; SER=0.015; NORM=0.41
ADF=-4.17 (with lags 3 and 4 and no intercept); F(4, T)= 1.21; LM(4)=6.23



On the basis of the ADF test, the estimated residuals from this equation are rejected as 1(1)
(the Mackinnon critical value for the ADF cointegrating test at 5% is -3.78). We note
parentheticaly that implementation of the Z, test described by Phillips and Ouliaris (1990), a
procedure that, in comparision with the ADF test has revealed superior power properties (e.g.
Haug, 1996), failed to regect the null of no cointegration (results available on request). This
conflicting evidence should not be surprising, however, given the low power of residua-based
cointegrating tests (see, for example, Maddala and Kim, 1998, for an useful survey). The use
of the Johansen methodology to search for the cointegrating employment-output vector in the
level of the variables was also inconclusive. We believe that a thorough anaysis of the
employment-output relationship (including the use of the VAR approach) requires wider set
of variables. Unfortunately, the length of the time-series (1977:1-1997:4) precluded our
assembling good data on additiond variables. In any case, it seems that the evidence provided
below on nonlinear one-stage and two-stage Engle-Granger ECM model's reasonably supports
the hypothesis of cointegration of the variables included in the modd. Indeed, it is well-
known that the ECM modd not only alows precise short-run parameter estimation, but also
provides cointegrating tests (called ECM-based cointegrating tests) that have been shown to
have superior power properties to the residua-based tests (see Kremers, Ericsson, and

Dolado, 1992; Banerjee, Dolado, and Mestre, 1998).

We thus proceed with the second-stage ECM estimation. Before doing so, however, we pause
to briefly comment on the parameters of the static cointegrating regression reported in
equation (1).* As expected, there is a negative trend in manufacturing employment of -0.005
per quarter, which implies an annual decrease of 2%. Both the output and input price
eadticities are very amal, with the output easticity of 0.4 pointing to the presence of
increasing returns to scale in manufacturing, while an increase in the relative price of energy

is predicted to lower the demand for labour.



The second-stage ECM model can now be specified as:
2 pog
Dt =ap+tq ajbDt-ita a bjDxjt-i+lecm.q+et, @)
i=1 j=1i=0

where the ecm term represents the residuals from equation (1) (i.e. ecm; =1; - I}) and Xt

denotes the right-hand side variables included in the labour demand model. Using a genera-
to-specific approach, the fitted regression is then?

DI, =4.30Dl,_, +0.398DI,_, - 0.229Dy, , - 0.520Decrm}_; - 0.0005

(0.101) (0.104) (0.105) (0.084) (0.0008) - @

T= 67; R%=0.54; SER=0.006; LM (4)=10.60; NORM=0.77; ARCH(4)=0.94; WHITE (4)=0.58; RESET=0.034

Equation (2) shows a well-determined process of adjustment to the long-run equilibrium; that
is, the error correction term is strongly significant (the critical value for tecy test at 1% is -
4.32)° large in absolute value, and of the expected negative sign. Fitting a nonlinear one-stage
ECM mode to the data also rejected the hypothesis that | is inggnificantly different from
zero (i.e. again indicating that the variables are cointegrated).” In this case, the tecy Was equal
to -5.41 and the critical value a 1% is -4.60. (The critical values for this test are provided by

Banerjee, Dolado, and Mestre, 1998.)

As usual, an error correction term with a minus sign means that employment tends to decrease
when t is higher than its long-run level. Although crucia in determining the short-run
dynamics of the employment-output relationship, the remaining coefficients in (2') are not
easy to interpret given the restrictions introduced to obtain a parsmonious empirica model.
We will therefore provide further analysis of the dynamic adjustment of labour demand by
focusing on the decompostion of the long- and short-run effects, that is, by examining the

fitted values of the employment series generated by the labour demand modd.



Thus, following Andersen and Hylleberg (2000), we first solve modd (2') to obtain the fitted

N

values of employment |; .Next, since equation (2) is restricted to follow the long-run

cointegrating relationship, we compare the actua employment level 1; with IAt and ftLR (the

latter being obtained from the long-run cointegrating relationship) to compute the short-run

component of employment IA»[SR, where IAtSR = ft - ftLR.

Panels (a) and (b) of Figure 2 indicate the good fit of the model. Both the long-run prediction

(ftLR) and the prediction incorporating the long-run and the short-run components of the

model (I}) show a high degree of accuracy. And while the IAtSR seriesin panel (c) seemsto
suggest some noise, there is no clear pattern of inertia arising from this series, which can be
explained by the sizeable error correction term. (Anayss of the correlogram of the IAtSR

series aso shows little evidence of inertiain the short-run part of the model.)
[Figure 2 and Table 3 near here]
The role of the short- run versus the long-run can be illustrated by regressing observed

employment levels on the estimated long-run and short-run series. As Table 3 shows, the OLS
regressions of I, on Iy and ftLR confirm the close association between these two series. The
coefficient estimates of I;and "R are not significantly different from unity, while the
constant term in both regressions is not statistically different from zero. As expected, the

congtant term is only statistically significant in the regression of |; on IAtSR. Clearly, mogt of

the labour adjustment is of the long-run type, with short-run component of the model

explaining very little of tota employment levels (R°=0.01). Indeed, controlling for the long-

run component of the model, the correlation between |; and IAtSR is only 0.11, which means

that the short-run part is largely unable to explain the variation in I; which is not explained by

the long-run component. Therefore, athough the regression of [; on ftLR and IAtSR shows



complementarity between the short- and long-run parts of the model — both coefficients are
positive and sgnificant — the very high partial squared correlation of the long-run coefficient

(partiadl R*=0.93) shows that this effect is clearly dominant.

4. Employment Adjustment at the Firm Level

We now consider labour adjustment (measured by ret employment changes) at the level of
the firm. The framework is one in which firms are assumed to respond to common (aggregate)
demand shocks and to firm-specific shocks. Although the time span of the firm pand seriesis
substantialy shorter than for the time series data — just eight years of annual data as compared
with twenty years of quarterly data — the richer information available at this level dlow usto

study reactions to changes in demand in greater detail.

The first task is to estimate an overall measure of employment persistence that is comparable
with the time-series evidence assembled earlier. The next task is to test whether there is any
distinct pattern of labour adjustment over the cycle. As shown by Bentolila and Saint-Paul
(1992), if adjustment through regular openended employment is difficult and costly, then
firms will tend to use proportionally more (less) fixedterm contracts during expansions
(recessions), and hence larger (smaller) wage easticities will be observed during good (bad)
years, because the wage easticity is presumably larger for such flexible work. By the same
token, we should observe larger cyclical variability of employment (i.e. greater employment
fluctuation) when adjustment through flexible work is possible, which can be assessed by
looking at the impact of unexpected changes in output during unfavourable and favourable
states of nature. The expected result will be a higher shock elasticity in expansion. Again, if
firms use atypicad workers in the postulated manner, we should aso observe lower

employment persistence during expansions.

Given these hypotheses, the empirical model implemented here is designed to address (a)

input price easticities (labour, capital, and materials), (b) the eadticity of labour to demand
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shocks, and (c) the degree of inertia in labour adjustment and the process of adjustment over
the cycle. In other words, our anaysis seeks to study the impact of the cycle on the

determinants of labour demand: factor prices, shocks, and lagged employment.

The dynamic specification of labour demand (total employment) contains the input prices of
labour and materias, the stock of capital, and one lagged employment term to control for
duggish labour adjustment. Changes in labour demand are aso a tunction of specific and
genera demand shocks. The former are proxied by the (log) change in firms sades, and the

latter by time dummies.

Formulated in logarithms, the model can be specified as follows?

l, =1l,,+b" (L)X, +u, +Vv, +e,, ©)
where L is the lag operator and b is the vector of coefficients of exogenous variables. Note
that the input prices of labour and materials are in fact treated as endogenous variables, given
that they are obtained by dividing total costs by total employment and because under usua
wage bargaining settlements wages and employment are jointly determined. The lagged
dependent variable and input prices have thus been instrumented. We use lags of these

variables dated (t-2) and earlier as instruments. All unobservable variables specific to the

individual  firm ae mirrored in the time-invariant firm-specific component u;,

macroeconomic events (aggregate demand shocks) specific to a given year are represented by

Vi, and gj; isawhite noise residual.

Findly, to analyse the process of labour adjustment over the cycle, a cycle dummy is
interacted with al right-hand variables in (3). It is defined as 1 if the firm is in expanson and
Oif thefirmisin recession. In our caculations, a firm isin expanson if the log growth rate of

sales is higher than 2%. If the growth rate is lower than 1%, then it isin recession. A firm is



1

adso in expanson if the growth rate of sales is between 1% and 2% and it is coded in

expansion in the previous period. Thisinformation is summarised in panel (c) of Table 1.

Given the presence of lagged dependent variables on the right hand side of equation (3),
which would produce biased and inconsistent estimates, we cannot use the usua pane
estimation techniques. Instead, we used the Generalised Method of Moments (GMM)
estimator developed by Ardlano and Bond (1991). This methodology extends the first
difference instrumental variables method suggested by Anderson and Hsiao (1981) to
dynamic fixed-effects models, and yields asymptotic standard errors that are robust to general
cross-section and time-series heteroskedasticity under the null hypothesis of no seria
correlation in the errors. To test this hypothesis, Arellano and Bond have developed a first-

and second-order seria correlation test statistic based on the GMM residuals.

The fitted version of equation (3) —in first differences — is presented in Table 4. Note that due
to double differencing of sales and the definition of the variables used in the model the data
refer to 1993-97. In fact, we aso excluded 1993 from the sample period to avoid computation
of a negative shock elagticity — recall that the average sales growth in 1993-1997 is -0.04. In

any event, the estimated parameters were not sensitive to this exclusion.

The regression statistics do not seem to suggest any specification problems; for example, the
assumption of serialy uncorrelated errors appears adequate. Indeed, the null of no residua
autocorrelation (the my, test) is not rejected, while the Sargan test validates the selected set of
instruments. In turn, the joint insgnificance of the coefficients included in the regression is

clearly rgjected by the Wald test.

The lagged employment variable has a coefficient of 0.75 — employment a lag 2 is
inggnificant. This implies a mean adjusment lag of 3 periods (years). Comparing this

estimate with the time-series results, we can conclude that panel estimation with annua data
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yields stronger employment inertia. (The derived speed of adjustment of 52% per quarter

obtained in equation (2) implies a mean adjustment lag of (1-0.52)/0.52, or 0.9 quarters.)

This estimate of employment inertia in the firm pand is lower than that reported by Bentolila
and Saint-Paul (0.86) for Spain and higher than of Arellano and Bond (0.68) for the U.K. This
seems sensible. Also sensible is the positive coefficient for the growth rate of sales (the shock
variable) and the negative coefficients for labour costs and the price of materials. The

coefficient for capitd is positive but not Satistically significant.

The long-run employment elasticities with respect to wages, input prices, and shocks in
demand, presented in Table 4, are in generd quite small, but need to be interpreted with
caution. Thus, the measured wage elasticity is a wage bill easticity rather than a wage rate
elasticity, so that any measurement error will presumably induce upward bias in the estimated
parameter. The same can be said of the price of materias, obtained by dividing total costs by
total employment. Although these variables have been instrumented, the procedure is only as
goad as the data. The interpretation of the shock easticity, whichis quite small due to the low
average growth (1.5%) over the sample period, is also problematic because the shock (the log
change in saes) captures the effects arising both from changes in output and in liquidity
congraints (Nickell and Wadhwani, 1989). In general terms, the elagticity estimates are now
lower (in absolute value) than those found by in Bentolila and Saint-Paul and larger than

those reported by Arellano and Bond.

Finally, the effect of the cycle is indicated in the second column of the table. There is no
evidence that labour demand is unstable over the cycle; that is, the cycle impacts neither the
lagged employment term nor the long-run elasticities. The coefficient of the shock variable
remains very large, podtive, and Satisticaly sgnificant, but firms do not show any distinct
pattern of labour adjustment during recessons and expansions. This result is remarkably at

odds with the evidence for Spain. In our view, this result is due to less redtrictive conditions
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on the use opentended employment in Portugal which in turn implies a much less prominent
role for atypical work. This conjecture is possibly confirmed by the fact that the proportion of
flexible workers in Portugd is only one third the Spanish level, and by the result that non-
permanent and permanent work seem to behave as complements rather than substitutes in

response to output changes (Teixeira, 1998).

5. Conclusions

This paper has examined both aggregate and micro datasets for Portuguese manufacturing to
address the issue of speed of employment adjustment. The backdrop is that of an alegedly
highly sclerotic labour market. Our aggregative analysis used quarterly manufacturing
industry data and focused on the behaviour of the relevant employment and output time-series
over a period of amost two decades. We reported evidence of a firm long-run relationship
between employment and output. Although the implied long-run employment-output
elagticity is rather small (0.4), the existence of a stable relationship between output and
employment appears to be good news from a labour market perspective in circumstances
where, as it is the case here, the cointegrating relationship is accompanied by a well-
determined process of adjustment to the long-run estimated equilibrium. We separately
anadysed the dynamics of the labour market through a decomposition of the long-run and

short-run effects, finding that most labour adjustment was of the long-run type.

The second component of the paper was aso concerned with employment inertia, this time
using annua data collected at firm level. Although the time interval was in this case much
shorter, the value added of the firm panel was that it facilitated a more comprehensive
treatment of the reaction of firms to demand shocks and the phase of the cycle by virtue of
having richer information on input prices (especialy labour costs). As expected, the annua
data yielded a lower speed of labour adjustment to change in output demand. The more
interesting result, however, was the absence of any dtatistically significant effect of the cycle

variable on the behaviour of labour demand. Juxtaposed against the findings of Bentolila and
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Saint-Paul (1992), obtained from similar methods and data, our results suggest that atypica

work plays a much less prominent role in employment adjustment in Portuga than in Spain.

This evidence also has a bearing on the sclerosis conjecture.

Endnotes

1

7.

Employment shares, in pand (b) of Appendix Table 1, do not point to any obvious
sectoral bias in the selected sample.

Since it was not possible to obtain seasonally unadjusted series for all selected variables,
we applied the seasondl filter (1+L+L+L°) to the original series.

To test the null of a unit root against the alternative of a trend-stationary series with a
single and endogenous breakpoint, we aso applied the methodology described by Zivot
and Andrews (1992). From this procedure, we obtain confirmation that the series have a
unit root, even alowing for segmented trends in the data. These results are available on
request.

The t-datistics obtained from standard OLS estimation of (1) cannot be applied to
construct usual confidence intervals because the variables are (1), violating the constancy
of the variance of the residuals. The parameter estimates can nevertheless be used to
derive long-run labour demand elagticities provided that the variables are cointegrated,
even if no dynamics are specified in the model.

ARCH is the test for autoregressive conditional heteroscedasticity, NORM is the Jarque-
Bera test for the normality of the residuas, RESET is the Ramsey first-order test for
functiona form misspecification, and WHITE is White's test for heteroscedasticity based
on the squares of the regressors.

The standard unit root critical values are not valid because the teqy Statistics contains the
estimated residuas from the first-stage static regresson. We use Mackinnon’s critical
vaues (Davidson and Mackinnon, 1993, Table 20.2).

The specification for the nonlinear ECM modd is

n r
o

€ 4 u X !
Dy =m+1 8y1-aajXje- bTa+radiD;+a ag;Dxje; te;.

8.

2} j=1 g i= j=1 i=0
These results are available on request.

Sources of this familiar exercise are Nickel (1984), Layard and Nickell (1986), Dolado
(1987), and Bentolila and Saint-Paul (1992).
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Table 1: Descriptive Statistics

(a) Employment, Output (Sales), and Capital
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Average growth rates
Variable Mean  Std. Dev. Min. Max. Sample Manufacturing
Employment 100.5 209.5 5 3335 -1.9% -2.6%
Sales 1,382 5,543 52 189,000 0.4% 0.8%
Capita 1,393 9,077 0.05 341,000 0.6% -
(b) Annual Growth Rates in the Sample (in %)
Employment Labour costs Ses Salesper Labour costs
employee per employee
Y ear
1990 - - - - -
1991 -1.2 38 -3.0 -19 5.0
1992 -24 0 -4.7 -24 24
1993 -34 -26 -49 -15 0.8
1994 -2.8 -1.7 46 7.6 11
1995 -09 -06 38 4.8 0.3
1996 -1.0 23 17 28 34
1997 -1.7 04 57 75 21
(c) Number of Firmsin Expansion/Recession
1991 1992 1993 194 1995 1996 1997
Expansion 639 532 460 761 775 756 830
(%) (41) (34) (30) (49) (50) (49) (54)
Recession 913 1,020 1,092 791 777 79 722
Average sales growth 0.003 -0.04 -0.067 0.016 0.012 0.013 0.021

Notes: Sales and capital are expressed in 10° escudos (1995 prices). The total number of firmsis 1,552
from aninitial sample of 1,970 firmstaken from the Central de Balangos of the Bank of Portugal for
the period 1990-1997. A firmisin expansion if thelog growth of salesis higher than 2%. Full
description of the data can be found in section 2.



Table 2: Augmented Dickey-Fuller (ADF) and Dickey-Pantula Univariate Tests, 1977:1-1997:4

Augmented Dickey- Fuller Dickey-Pantula Dickey-Pantula
Series Ho: y; ~ (1) Ho: y; ~1(2) Ho: y¢ ~1(1)
H1 y; ~1(0) H1 y ~1(1) H1: y; ~1(0)
t lags F4,T) t lags F4,T) t lags F4,T)
| -138 1,235 124 -633 124 107 -168 134 155
y 275 23 120 449 1 0.69 229 1 153
p/w 290 345 137 194 4 0.79 243 4 0.89

Notes: The ADF equationis Dzy =a + Bgz .1 + é ikzlbi Dz;_ j +dT +u; , and the null hypothesisisthat the series are not stationary (B, = 0). The lag structureis

such that the errors are white noise. The F(4, T) statistic tests for the presence of fourth order serial correlation in the residuals of the ADF equation (the null is absence of
autocorrelation). MacKinnon critical valuesfor the ADF test are -4.04 and -3.45 at 1% and 5%, respectively. The auxiliary equations for the Dickey-Pantulatest of Ho: 1(2)

against H1:1(1), and Ho: 1(1) against H1: 1(0) are, respectively, D(Dz; ) =a g +a1Dz_1 + é_ ikzlbi D(Dz. ) +dT +u; and
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D(Dz) =ay+a,z.; +asDz. 1+ a i49iD(Dz_;) +dT +U; . Thet-valueson @4 and @, follow anon-standard DF distribution. | denotes employment, y output,
and p/w therelativeinput price of energy (in logs). The sample period is 1977:1-1997:4.



Table 3: The Short- and Long-Run Components of Employment: OL S Regressions of
Observed Employment (I; ) on Predicted Employment Levels(IAt : ftLR, and IAtSR)
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I on Iy l; on IR l; on I{*Rand [N l; on IR
Variables Coefficient Coefficient Coefficient Partia R? Coefficient
|A 0.98
t (0.03)
f LR 1.00 1.00 0.93
t (0.04) (0.03)
P R 043 011 051
t (0.16) (0.61)
Constant 26.9 -1.82 -5.61 1052.6
(276) (36.8) (35.1) (5.17)
R? 094 093 094 001

Notes: |; is actual employment; I} and IAtLR are the predicted values obtained, respectively, from the

error correction model and the long run cointegrating rel ationship; and IAtSR isthe difference between

IAt and IAtLR. All variablesarein levels, not log levels. Standard errorsin parenthesis.



Table 4: Firgt-Difference Estimates of Labor Demand
(Dependent variable: Employment ;;; dl variables in firgt differences)

Basic model With cycle dummy
Employment ; (1) 0.746 0.757
(0.069) (0.071)
Labour cost j; -0.572 -0.585
(0.397) (0.037)
Labour cost ; (1.3 0.397 0.404
(0.036) (0.037)
Price of materials;; -0.247 -0.233
(0.043) (0.043)
Price of materials; (.1 0.222 0.216
(0.043) (0.045)
Capital i 0.062 0.050
(0.067) (0.075)
Shock ¢ 0.470 0.370
(0.085) (0.180)
Cycex employment ; (.1 - 0.0015
(0.0065)
Cyclex shock - 0.129
(0.283)
mp 0.679 0.2884
Wald 1027.5[7] 97259
Sargan 29.6 [26] 29.1[24]
SER 0121 0.121
Long-run elasticities:
labour cost -0.71
price of materials -0.10
shock 0.03

Notes: The equations were estimated using the DPD software, developed by Arellano and Bond (1991).
The version used in the study was made available by Dr. Jurgen Doornik of the Oxford University
Institute of Economics and Statistics. Asymptotic standard errors robust to general cross-section and
time-series heteroskedasticity are given in parentheses. The lagged dependent variable and the input
prices (labour and materials) have been instrumented using lags of these variables dated (t-2) and
earlier asinstruments, m, is atest for lack of second order serial correlation in thefirst difference
residuals, Wald is atest of joint significance of the independent variables, and Sargan isatest for
overidentifying restrictions from instruments (degrees of freedom for c? statistics are in brackets). The
m, and Wald tests are both asymptotically robust to general heteroskedasticity. SER isthe s.e. of the
regression. The regression includes time dummies and the sample period is 1994-1997 (1,552 firms).
The total number of useable observationsis 6,208 (1,552x4).
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Appendix Table 1. Comparative Statistics

(&) Annual Growth Rates of Employment in the Sample and for Manufacturing Industry,
1990-97

Annual growth rate of employment Proportion of flexible workers

Sample Manufacturing Manufacturing
1990 - - 16.8
1991 -12 -2.3 149
1992 -24 -25 125
1993 -34 -4.8 109
19%4 -2.8 -0.7 103
1995 -09 -36 108
1996 -1.0 -2.6 89
1997 -1.7 -1.8 -

(b) Employment Shares by Sector in the Sample and for Manufacturing Industry

Sector Sample Manufacturing
Identifier
15 16.0% 11.3%
17-19 338 322
2022 9.1 124
24-25 6.7 123
26-28 16.2 120
29-33 129 83
34-35 21 52
36 32 6.3
Total 100 100

Notes: The employment sharesin the manufacturing sector are only for 1997. The proportion of
flexible workers is based on Relatérios e Analises, Ministry of Labour (various issues).



Figure 1. Output, Employment, and the Relative Input Price of Energy

(a) Levels of the variables (in logs)
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(c) Fourth Differences
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Figure 2: Employment (1) and Predicted Employment (ﬁ[ , ftLR, and IAtSR)
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Notes: |t isactual employment; lt and IAtLR are the predicted val ues obtained, respectively, from equation (2')

and the long run cointegrating relationship (equation (1)); and IAtSR isthe difference between lt and IAtLR. All

variablesarein levels, not log levels.
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