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Abstract

What determines the cyclical behaviour of labor productivity? This article considers intra firm and inter
firm explanations for the correlation between labor productivity and aggregate shocks. From a set of
2100 Portuguese firms with more than 100 workers, between 1995 and 1999, we found that: (1)
aggregate labor productivity was procyclical, although more than half of the firms revealed
countercyclical productivity; (2) procyclical intra firm effects were stronger than countercyclical inter
firm dynamics; (3) both intra and inter firm theories are important to understand the dynamics of labor
productivity; (4) cleansing effects dominated over sullying effects; (5) only a framework integrating
several intra firm theories can explain the observed evidence.
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1. Introduction
Labor productivity resumes some of the most important characteristics of modern economic

systems. During business cycles, productive efficiency of each firm is influenced by its reactions to
unexpected shifts in aggregate demand. This paper focuses the effects of both firms and workers
decisions on average productivity.

Several theoretical and empirical contributions have been recently developed to explain the gap
between the neoclassical model predictions, according to which labor productivity should be
countercyclical, and the results obtained by empirical studies showing that labor productivity had a
procyclical pattern. Two sets of theories have arisen to explain the positive association between labor
productivity and aggregate demand shocks. The first group (intra firm theories) focuses the decision
problem of each firm. The second group (inter firm theories) analyses the impact of worker flows on
aggregate productivity fluctuations.

The intra firm approaches were thought from a neoclassic theoretical framework. Although
revealing several limitations, the simple modification of some of its hypothesis allows the development
of models making different projections for the cyclical behaviour of labor productivity. Models with
adjustment costs, scale economies, externalities, labor hoarding and frictions both in product and factors
markets have evolved from this basis. These frameworks predict that for firms with certain
characteristics labor productivity should be procyclical.

Inter firm theories explore a different source of labor productivity fluctuations: the effects of
reallocation of workers between firms with different levels of average productivity. At this level there
are two main categories of models, making distinct projections on cyclical behaviour of labor
productivity. The first group follows a schumpeterian conception of destructive creation. Recessions are
perceived as crucial to economic growth by eliminating least efficient uses of factors. If so productivity
of remaining jobs and firms should increase. In upturns, the market conditions by postponing the
necessary adjustments reduce the aggregate efficiency. Productivity should follow a countercyclical
pattern.

Also in this second stream of theories, focusing a different dynamic, Barlevy (2002) introduced
a model to explore the link between the business cycle and the decision of worker to follow job to job
strategies. In this framework, during recessions, the decrease of firm’s incentives to open new jobs
reduces the probability of least satisfied workers with their current job situation to find an appealing
alternative. Meanwhile, expansions represent periods in which firms increase production. The increased
number of vacancies would allow unemployed to find better job solutions than in recessions and
employed individuals to shift to a perceived better job situation. Simulations by Barlevy suggest that
recessions, by mitigating mobility gains, impose a procyclical pattern on productivity.

After reviewing fundamental conclusions extracted from the theories considered we then turn

our attention to this kind of processes developed in a data set of firms with more than 100 workers



collected by DETEFP (Departamento de Estatistica do Trabalho, Emprego e Formagao Profissional), for
the portuguese economy (1995-1999).

The type of data necessary to conduct this analysis is only available for a small number of
economies. Balangco Social is an annual statistical publication containing the necessary evidence to
proceed in such direction'. After a brief resume some of the characteristics of the data set and an
examination of productivity behaviour during the cycle, the study proceeds to identify the determinants
of its growth rate during the period attended.

Labor productivity was procyclical when determined at the panel level but countercyclical for
more than half the firms on the data set. The results show that the within effect gave a stronger
contribution to productivity growth than resources reallocation. Furthermore, these two effects seemed
to account for opposite contributions to aggregate efficiency. We also found that both intra and inter
firm effects were important to explain the dynamics in analysis. Evidence sustained Schumpeterian
effects (cleansing effects) in deterrence of sullying effects. Regarding intra firm theories, all the theories
seem relevant for specific subgroups of the panel. Only a framework containing all the variants can be

considered suitable. The elimination of any theories reduces significantly the framework explanatory

capacity.

2. Theoretical framework

This section resumes several theories that account for cyclical behaviour of labor productivity.
Both firms and workers are confronted with several shocks forcing them to revaluate their positions in
order to determine if their situation still provides the maximum possible rent.

We assume that labor productivity changes over the cycle because firms make decisions
regarding resources demanded and also because workers decide to shift between jobs. Regarding the
first category of effects, the neoclassical model remains the fundamental reference to explain the
behaviour of average labor productivity. Admitting diminishing returns, this model suggest average
productivity should be countercyclical.

Recent developments of the neoclassical model consider workers and firms heterogeneity. If we
assume demand is conditioned by idiosyncratic forces, firms’ strategies and reactions become subject to
its leaders predictions about their firm future. In downturns, a firm might decide to maintain more
workers than the necessary to attend to market demand if the firm managers’ expect sufficiently high
future expectations. Another possibility to account for procyclical labor productivity would be to admit

that technology is characterized by increasing returns.

! Although Balango Social contains evidence for the relevant variables, it is only mandatory for firms that employ
more than 100 workers at the 31% of December of each civil year. For this reason, even though the present study
does not allow us to take generalized conclusions for the portuguese economy (the typical portuguese firm has a
much smaller size) it contains relatively detailed data for the segment of firms considered. The conclusions taken
are valid only for this group.



In this section we will start by resuming the intra firm explanations to labor productivity
fluctuations. After an overview of such approaches we proceed towards inter firm models. In this
category, explanations seek to explore the effects of an alternative source of labor productivity
fluctuations: the permanent existence of worker flows between jobs. Understanding how this process
interacts with aggregate productivity and the influence of common shocks are the last questions to be

approached in this section.

2.1. Labor productivity as an intra firm process

Intra firm models will be presented within a theoretical framework focusing firms’ optimization
decision problem within a context of uncertainty. The model is developed without making any
assumptions on product and labor markets structures. However we admit each firm’ demand function is
influenced by aggregate demand shocks. Also common to all models described is the fact that both

technology and demand are stochastic processes that in part depend on idiosyncratic forces.

- Neoclassic model of labor demand

The neoclassic model is still the most important reference to describe short run decisions of
labor demand. Assuming markets are composed by atomistic firms and homogeneous workers, each
firm seeks to maximize profit taking prices and wages as given.

Short run is defined as the period during which capital stock is predetermined. Confronted with
an unanticipated demand shift, firms can only adjust employment. Without considering any market
frictions or adjustment costs, the firm hires workers until real wage equals the value of marginal
productivity of labor.

During expansions, firms increase production by hiring more workers, constantly maintaining
their structure according to the first best solution for the optimization problem. But if capital stock does
not change by the law of diminishing returns, labor productivity decreases. In this context, labor

productivity should be countercyclical.

- Model with labor hoarding

If human capital suffers from a devaluation process, managers have to decide when to upgrade
the staff skills. Labor hoarding models account for the necessity to respond to this problem. These
theories also admit that more qualified workers can develop both productive and administrative tasks
during their schedules, as well as enrol in requalification programs or even accept a remunerated non
work situation. The specific strategy each firm selects to respond to unanticipated shifts in demand
obviously constrains its productivity distribution over time as well as its decision of how many workers

to hire and layoff in each period. It is important to notice that maintaining workers developing activities



with lower degree of exigency or applying less effort in performed tasks induces a reduction of
productivity during the period mainly because of the effect of a measurement error.

For a firm, the decision to keep more employees than the necessary to satisfy demand can be
rational if sufficiently high levels of demand are anticipated. Following such a strategy (maintaining
employment and managing effort through business cycle) implies that during downturns productivity
suffers a reduction.

Times of reduced demand represent periods during which opportunity costs of upgrading
qualifications are lower. Firms that need to enhance labor force skills will choose such periods to do so.
This scheme provides firms the necessary means to have better prepared resources to respond to upturn
demand increases. Productivity in organizations enrolling processes with these characteristics should
reveal higher than average falls in productivity during recessions and higher increases in expansions.

A firm only adopts a labor hoarding strategy if it expects in near future to expand its worker

force. For this group of units productivity should be procyclical.

- Model with adjustment costs

Unanticipated demand shocks change optimal levels of production. However, if changes in the
organizational structure involve adjustment costs, firms have to define the degree of adjustment to
perform in the production plans and factors demand.

If hiring a number of workers different from the one that would maintain the firm on its average
cost curve reduces its efficiency, this model argues that both layoffs and hirings also lead to positive
efficiency costs. The decision on the degree of adjustment to perform by each firm will reflect its
perspectives regarding future demand and its perception of the shock persistence. In recessions only
firms anticipating permanent lower levels of specific demand decide to fire the extra workers. As a
result from this decision, their productivity decreases.

During expansions, hirings take place in growing organizational structures. Because workers
need time to be completely integrated, adjustment costs reduce productivity. This mechanism induces
countercyclical productivity. We conclude that if hirings favour the countercyclical behaviour of labor

productivity, layoffs induce the opposite dynamics.

- Model with scale economies

In the long run, if technology has increasing scale then labor productivity is procyclical. In this
case it is only necessary to evaluate the short run consequences of admitting this hypothesis.

As in neoclassic model, short run is defined as the period of time during which capital stock is
predetermined. Admitting now that its rate of utilization is a decisional variable, focus on factors

conditioning its path allows considerations related to the cyclical behaviour of productivity.



Given the complementarities between production factors, we admit that capital rate of utilization
depends on labor demanded. In this situation, when firms decide on optimal employment they also

attend to equipments rate of utilization. In this context, employment is procyclical as labor productivity.

- Models with externalities

Each firm is integrated in an economic system that affects its performance. In expansions, the
dynamics of product markets fosters increases in production for the majority of firms. To attend to these
opportunities firms also expand factors demand. Firms first begin the adjustments through a
manipulation of the number of hours demanded from each worker. However, every additional hour that
a worker offers in an overtime regime exhibits diminishing returns, decreasing average labor
productivity.

The next level of adjustment involves hiring additional workers. But given that we are analysing
the effects of common shocks, this behaviour will be followed by several other firms. The quality
expected of each additional match is necessarily lower.

Defining short run as the period of time during which capital stock is predetermined, for labor
productivity to be procyclical, it is necessary that the increase in quantities produced induces an erosion
of fixed costs high enough to compensate the increase in variable costs.

Before attending to empirical evidence collected for portuguese firms we explore inter firm

explanations of labor productivity.

2.2. Labor productivity as an inter firm process

Inter firm theories focus on a different set of sources of labor productivity cyclical fluctuations.
These approaches emphasize the effects of workers decisions to shift jobs on aggregate efficiency.
Arguing that aggregate labor productivity can increase not because enterprises registered efficiency
gains but because resources flown to more productive jobs.

In this context there are two main categories of theories. The schumpeterian approaches
(cleansing effects) for which recessions correct inefficiencies in resources allocation (Hall 1991, 2000;
Caballero et al. 1994, 1996; Mortensen et al. 1994; Gomes et al. 1999; Schumpeter, 1942) by demising
the surplus of least efficient jobs. Labor productivity would register an increase during downturns.
Expansions were expected to produce the opposite contribution to the aggregate efficiency. Articulating
both arguments, labor productivity should be countercyclical.

Barlevy (2002) developed a model that focused the role played by cleansing effects on the
overall consequences of an aggregate shock. The link between firms’ willingness to hire workers and
job flows also determines the dynamics of labor productivity. During recessions, the decrease of firms’

incentives to open new jobs reduces the probability of least satisfied workers with their current jobs to



find an alternative professional occupation. On the contrary, expansions represent periods in which
firms increase production and therefore open more vacancies. This process would allow unemployed to
find better job solutions than in recessions and employed individuals to shift to perceived better job
situations. Simulations by Barlevy suggest that recessions by mitigating mobility gains would
precipitate a procyclical pattern to productivity.

New methodologies were developed in order to infer the relative importance of these multiple
explanations for cyclical behaviour of labor productivity. It is important to notice that they are not
mutually exclusive. In next section we introduce some of these advances in order to increase

understanding of the labor productivity dynamics of a set composed by large scale portuguese firms.

3. The dynamics of labor productivity: an analysis for the portuguese economy (1995-1999)

- The data set

In developed economies, labor productivity presents a procyclical pattern. Portugal is not an
exception. From data collected at firm level we try to identify the causes behind its fluctuations and
determine in what degree aggregate measures of labor productivity reflect with accuracy the
microeconomic processes supporting them.

The sample was selected from Balango Social, a statistical publication from Ministério do
Trabalho e da Solidariedade Social (MTSS). The period considered started at 1995 and ended at 1999.
Balango Social is mandatory for firms with more than 100 workers. This defined an unbalanced panel
with approximately 1712 firms (Table 1), accounting approximately for 0.9 per cent of all enterprises

developing an economic activity in Portugal.

Table 1: The data set in the context of the portuguese economy (1995-1999)

1995 1996 1997 1998 1999 Average
Plant size V@ ®
26 37 37 30 19
818 931 966 906 820 888
(52.20%) (61.00%) (63.50%) (60.80%) (54.60%) (58.40%)
200 10 499....iiiiiiii e 574 591 599 584 561 582
(71.00%) (79.80%) (78.80%) (76.20%) (74.30%)  (76.00%)
More than 500 .......c.ccvvirieiririrerereee s 226 239 251 243 238 239
(86.30%) (86.90%) (95.10%) (89.00%) (83.80%) (88.20%)
Panel.......ccocooiiii e 1644 1798 1853 1763 1638 1712
(0.90%) 0.90%) 0.90%) (0.80%) 0.80%)  (0.90%)
Hours (10°hours).........co.ovvevvereerreeereree s 1090 1160 1190 1170 1130 1148
Employment® (10° workers) 632.4 661.5 710.3 678.3 650.3 666.5
""""""""""""""""""""" (14.10%) (14.52%) (15.35%) (14.28%) (13.44%) (14.33%)
Value added (106 CUIOS) . envenvenveveereeneeneeneeeesesensessesseeseens 26300 25600 29500 27900 24700 26800

(37.42%) (34.20%) (36.51%)

(32.01%)

(26.61%) (33.01%)

Source: Banco de Portugal, Relatorio Anual (1995-1999) ADN DETEFP, Balango Social (1995-1999).

Notes:
(1) Size classes were defined from average employment.



X
(2) Percentages between parenthesis have resulted from following expression: [Lﬂel} , t=1995...1999, where X is the number of
Economy /.
Jt

firms and j the size class (j= under 100 workers; between 100 and 199 workers; between 200 and 499 workers; more than 500).

(3) Balango Social is only mandatory to firms with more than 100 workers at the 31* of December. Given that over the year employment
varies, there are always a small number of firms that having 100 or more workers at 31 of December, on average, during the year had a
number of employees below such level.

(4) Employment was determined from average number of worker.

The fact that all firms in the panel had more than 100 employees does not necessarily present a
limitation to the study. The theories discussed admitted that the decisions analysed were determined
from a rational optimization exercise. But in a small economy with many very small size firms this
hypothesis is not always satisfied. Considering only large scale enterprises is a solution to collect firms
with characteristics closer to those admitted in the theories analysed.

Firms from the panel are mainly concentrated in Manufacturing Industry, Trade, Business
Services and Construction which account respectively for 56 per cent, 12.2 per cent, 7.4 per cent and 6.5

per cent of total firms.

- Labor productivity during the business cycle (1995-1999)

Measuring labor productivity requires proxies for the value of production and for the value of
incorporated resources. In Balang¢o Social, gross value added is the best available proxy for production
value. To quantify labor participation in production process, Balango Social permits two possibilities:

through number of workers and through hours worked. From them we obtain labor productivity per hour

(n" = Value adde%iours) and labor productivity per worker (n" = Valueadded ). Results

Workers
were obtained considering both but the analysis takes labor productivity per hour by reference.

Conclusions concerning theories reviewed depend on the elasticity of labor productivity to
unanticipated shifts in aggregate demand. Procyclical productivity was, by hypothesis, defined in the
following terms: Corr (n’y,y’)>0, where n’ and y’ represent deviations of labor and value added series
(in logs) from their time trend.

Another matter to address before following the methodology adopted was the way to introduce
the business cycle effects in the model. Regarding this subject we assumed sectors revealed different
elasticities to common shocks (Shea, 1993). To attend to such asymmetries we introduced a
Downstream Demand Indicator (Dy), following the methodology of Bartelsman, Caballero and Lyons
(1994).

Between 1997 and 2002 for the portuguese economy labor productivity was procyclical. The

estimated correlation coefficient between output gap and labor productivity was 0.7°.

2 The empirical methodological were also developed using output gap to control for the differences between using the
suggested Downstream Demand Indicator and a more conventional business cycle representation.

3 A Spearman test to infer if these two series were independent during the period clearly indicated that data did not validate
such hypothesis.



The results for the panel also favour a procyclical pattern. As expected comparing labor
productivity per hour and per worker, we observe that the first revealed a higher elasticity to aggregate
demand shocks. The correlation obtained for the economy and for the panel showed these two groups
were dissimilar. However, this gap is perfectly justified because firms from the sample do not represent
the typical portuguese firm.

Having discussed the cyclical behaviour of labor productivity, in the next section the analysis
proceeds to identify inter and intra firm dynamics in labor productivity as well as the particular

mechanisms within each of these groups.

4. From intra firm dynamics to reallocation processes

Data collected at the firm level is fundamental to determine if changes in productivity resulted
from resource reallocation between firms or if firms had the capacity to move along the productivity
distribution.

The methodology of Foster, Haltiwanger e Krizan (1998) provides the means to answer this
question. Evidence for aggregate labor productivity was determined by considering an index (/7
obtained through weighted average of individual productivities

(DIT, :élsitnit > Sit =HL%
Pt
where 7;, represents the labor productivity (in logs) of firm i in period ¢, s;, the weight assumed by firm i
on the panel during period t and L; the number of employees of firm i in z. Weights (s;,) could be derived
using several variables. This study uses the number of workers for the aggregate per worker labor
productivity index and hours to define the aggregate per hour labor productivity index”.

Foster et al. (1998) consider productivity growth rate to result from five different processes:

within effect, between effect, cross effect, entry effect and exit effect’. The decomposition follows the

equation
)
continuing firms entering firms exiting firms
Ally = Zsi,t—l (mi¢ —mi, 1)+ E (si,¢ =i, -1y — M)+ E (8i,¢ =S, t—1)(@i,¢ —Tjg—1)+ + Zsi,t (miy —TT¢1)- zsi,t—l (mit—1 —IT¢1)
ieC ieC ieC ieN ieS
within effect between effect cross effec entry effects exit effect
reallocation effect reallocation effects

where C is the group of continuing firms (firms in the panel both on periods ¢ and #-1); N the group of
entering firms (firms in the panel in period ¢ but not in #-1), and S the group of exiting firms (firms in the

panel at #-7 but not ¢ ).

4 Recent empirical studies are using weights from participation in employment (Aw et al. 1997, Baily et al. 1992, Foster et al.
2002) or from participation in output (Baily et al. 1997, Foster et al. 2002, Griliches et al. 1995).
> For a detailed description of each effect see Foster et al. (1998).



Table 2 presents the results from this decomposition.
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Table 2: Decomposition of Aggregate Labor Productivity Index (1995-1999) ()-@-@®
Variant 1: Aggregate Labor Productivity (per hour) Index (individual weights determined from each firm share at total hours worked)

Annual P Between U Continuing ) , i Net entry Reallocation
growth rate @ Within effect effect Cross effect plants effect Entry effect Exit effect effect effect
@) () © @ © 0} @ () 6
-0.36% 1.89% 1.15% -1.46% 1.59% 0.26% 2.21% -1.95% -2.26%
6.36% 5.44% 0.14% -1.67% 3.90% 0.69% -1.77% 2.45% 0.92%
-2.21% 1.14% -1.31% -2.07% -2.25% -0.72% -0.76% 0.04% -3.35%
-0.63% 0.14% -1.03% -2.14% -3.03% -0.77% -3.17% 2.40% -0.77%
Overall growth rate®............. 3.15% 8.61% -1.05% -7.34% 0.21% -0.54% -3.48% 2.94% -5.45%
Average annual growth rate ©................... 0.79% 2.15% -0.26% -1.84% 0.73% -0.14% -0.87% 0.05% -1.36%
Variant 2: Agoregate Labor Productivity (per worker) Index (individual weights determined from each firm share at total employment) @,
Annual o Between Continuin . Net ent Reallocation
growth rate Within effect effect Cross effect plants ﬁ’eft Entry effect Exit effect effec t’y effect
(a) (®) () (d (e ® (8 (h) 0]
1996 -0.57% 1.87% 0.24% -0.70% 1.41% 0.51% 2.50% -1.99% -2.44%
1997 et -8.77% 3.03% -2.09% -12.37% -11.43% 0.84% -1.81% 2.65% -11.81%
1998 12.02% 11.36% 12.75% -11.99% 12.12% 0.30% 0.40% -0.10% 0.65%
1999, 1.16% -0.17% -0.37% -1.28% -1.82% -0.66% -3.64% 2.98% 1.33%
Overall growth rate®............. 3.83% 16.10% 10.53% -26.34% 0.28% 0.99% -2.55% 3.54% -12.27%
Average annual growth rate @................. 0.96% 4.02% 2.63% -6.59% 0.07% 0.25% -0.64% 0.89% -3.08%
Source: Authors’ calculations using the DETEFP, Balango Social (1995-1999).
Notes:

(1) Firms were separated in three groups: continuing firms (firms in the panel both on periods ¢ and ¢-1); entering plants (firms in the panel in period ¢ but not in t-1 ), and exiting firms (firms in the panel at #-/ but not ¢ ).
(2) Continuing plants effect (e)=(b)+(c)+(d); net entry effect (h)=(f)-(g); reallocation effect: (i)=(c)+(d)+(h).

M=
»
b= |
2
Il

(3) Aggregate labor productivity Index (/7) was determined by H[ =.

employment during period ¢, and L; labor of firm i in period ¢.

(4) Annual growth rate (a)=(b)+(c)+(d)+(f)-(g) or ATI=IT-IT,;.

(5) Overall growth rate = Allgg + Allgy + Allgg + Allgg .

Allgg + Allg7 + Allgg + Allgg
2 .

(6) Average annual growth rate =

11

, where 7; represents labor productivity (in logs) of firm i in period ¢, s;, weight of firm i participation in the panel



This study assumed that within effects reflects intra firm dynamics behind labor productivity
and the aggregation of the remaining four terms provides a measure of reallocation effects (inter firm
dynamics). From 1995 until 1999, labor productivity (per hour) registered an overall growth of 3.15
per cent (Table 3, Variant 1). However if during the period no reallocation flows took place, within
effects would proportionate an overall growth of labor productivity of 8.61 per cent. This means that
reallocation effects were important in diminishing the positive contribution of intra firm dynamics to
efficiency gains. This negative sign of reallocation flows resulted from the fact that firms registering
positive efficiency gains also reduced their participation on aggregate employment.

The evidence for the role played by the net entry effect shows that this effect gave a mixed

contribution to the productivity index during the period.

Table 3: Descriptive statistics of employment, labor productivity, and gross value added for continuing,
exiting and entering firms (1995-1999)

Panel (overall)  Continuing firms ~ Entrants firms  Exiting firms

A. Number of firms

1623
1778 1566 212 250
1832 1640 192 115
1745 1599 146 107
1625 1535 90 250
379
363 380 236 485
380 395 254 208
383 397 235 234
392 402 221 274
16099
14109 14575 10665 43607
15856 16437 10897 4562
15779 16374 9262 8070
14946 15409 7045 7448
16.38
14.94 15.04 14.15 39.45
16.70 16.22 20.85 11.61
18.02 17.44 24.38 14.69
16.42 16.64 12.69 22.02

Source: Authors’ calculations using the DETEFP, Balango Social (1995-1999).
Note: (1) Firms were separated in three groups: continuing — group of firms integrating the panel in t-1 e t; entrants — group of firms in the
panel at t but not at t-1; exiting firms — firms in the panel at t-1, but not at t.

If previous analysis were conducted for labor productivity per worker, all conclusions would
still be valid. However we observe that the magnitude of every effect is higher when derived from
productivity per worker. This evidence suggests that hours presented higher contemporaneous
correlation with business cycle than the number of workers.

This decomposition shows the risks of developing a study using only aggregate indicators.
The evidence found an annual aggregate labor productivity growth of 0.8 per cent. This value resulted
from a contribution of a within term of 2.15 per cent and a negative reallocation effect of 1.3 per cent

but many other situations could explain the 0.8 per cent growth rate of aggregate labor productivity.
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Before proceeding it is important to resume the enhanced conclusions. First, the possibility
that aggregate labor productivity growth resulted strictly from shifts of resources between firms with
different productivity levels is far from being right. The within effect not only assumed a determinant
role but also revealed the capacity to increase the efficiency of the group, having the capacity to
overstate the sizable negative reallocation effects.

Secondly, firms accounting for highest efficiency gains reduced their participation in overall
employment. The losses induced from this reallocation process annulated the benefits produced by net
entry. Given these two conclusions we can say that cyclical fluctuations of labor productivity resulted
both from intra and inter firm dynamics. To further explore these dynamics we attended to their

correlation with aggregate shocks by calculating Pearson correlation coefficients.

Table 4: Contemporaneous correlation coefficients between labor productivity growth and unanticipated
shifts in aggregate demand (1995-1999)

Downstream demand indicator " Output gap

Labor productivity (per hour)

Total effect ..........cocoveceninenannnnn. 0.60 0,69

Within effect............ccovevcenvevnnn.. 0.89 0,97

Reallocation effect...... ........... -0.86 -0,90
Labor productivity (per worker)

Total effect ...........cocuvevevvevenannnn. 0.44 0,29

Within effect............... 0.97 0,96

Reallocation effect -0.79 -0,89

Source: INE, Contas Nacionais Anuais Preliminares (1995-2002) and DETEFP, Balango Social (1995-1999).
Notes:

(1) On Downstream Demand Indicator see Bartelsman et al. (1994).

(2) Output gap was determined by extracting the estimated time trend from value added at market prices in logs (calculated on the basis of
1995 constant prices)

The negative correlation between reallocation effect and demand shocks favours the
Schumpeterian perspective of creative destruction. Sullying effects approach becomes a difficult
theory to validate in this context.

The last question to be attended by this paper concerns the applicability of neoclassical model

and its variants to account for within dynamics of labor productivity. Section 5 will address this topic.

5. Intra firm dynamics and labor productivity cyclical fluctuations

Decompositions of aggregate labor productivity index recognized that intra firm processes
were crucial to determine labor productivity growth rate during the period. The relevance of each
microeconomic model depends on the correlation that individual labor productivity fluctuations
established with aggregate demand shifts.

In order to find evidence to evaluate these alternatives we follow Baily, Bartelsman and
Haltiwanger (1997) methodological approach. The first step is the estimation of the equation

3) T=atPiXi+ ¢ it e
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where 7 is the logarithm of labor productivity, ¢ the time trend and X a vector with variables
describing economic activity, geographic localization and legal form of each firm®. By removing the
time trend from labor productivity series, we obtain a measure for the cyclical behaviour of labor
productivity.

What factors explain productivity deviations from its’ long run trend? Production plans and
labor demand are determined by firms from a prediction about their future. Obtaining evidence for
long run equilibrium is a difficult task. Considering the possibilities offered by Balango Social, we
decided to extract indications concerning such dimension by articulating employment’ and labor

productivity linear trends (Baily et al. (1997)). From this approach we identified four scenarios

(quadrants) to which a firm could be assigned:

Figure 1: Feasible set of long run equilibriums
Employment trend

<0 >0

R Quadrant 2 Quadrant 1
£ OProductivity g >0 OProductivity z>0
& = OEmployment; <0 0 Employment; g >0
)
S £ Quadrant 3 Quadrant 4
E OProductivity g <0 OProductivity; g <0

4 OEmployment; z <0 OEmployment; g >0

Source: Baily et al. (1997)
Note: Employment; r and dProductivity;r are the estimated coefficients of employment and labor productivity time trends

From applying the algorithm of Figure 1 to the panel in analysis we obtain the segmentation
presented at Figure 2.

Figure 2: The panel and long run equilibrium > ®"©

Employment trend®
r
N A
Ai <0 A >0
A 02 579 o1 614 1217
Labor productivity (per hour) b. >0 (27.45%) (29.11%) (56.56%)
" - 03 407 04 509 892
0. <0 (19.30%) (24.13 %) (43.43%)
983 1126
(46.75%) (53.24%) 2109
Source: Authors’ calculations using DETEFP, Balango Social (1995-1999).
Notes:

(1) The percentages displayed between parentheses represent the relative importance of firms from quadrant ¢ (q=1,2,3,4) in the total
number of firms considered.

N A
(2) The coefficients ¢i and Aj were determined by estimating the equations: m=ai+BiXit¢itte, and £ ;=bi+ B; Xi+Ait+x; wherez

represents the logarithm of labor productivity and # the logarithm of workers at firm i, ¢ the time trend and X a vector including eight for
sectorial dummies (Agriculture, forestry and fishing; Industry; Energy; Construction; Trade, Restaurants and Hotels; Transportation and
communication; Business services; other services), seven regional dummies (Norte; Centro; Lisboa e Vale do Tejo; Alentejo; Algarve;
Acores; Madeira) and three dummies for legal form (corporation, partnership, others).

(3) All equations were estimated by OLS.

® This vector includes eight sectorial dummy variables (Agriculture, forestry and fishing; Industry; Energy; Construction;
Trade, restaurants and hotels; Transportation and communication; Business services; other services), seven dummies for
geographic localization (Norte; Centro; Lisboa e Vale do Tejo; Alentejo; Algarve; Agores; Madeira) and three dummies for
legal form (corporation, partnership, others).

" Employment time trend was determined by estimating git=bi+ B; Xi+ht+ic where £ it 1s employment in firm i at period t.
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(4) Employment was determined from average number of worker.

From all categories, the quadrant where firms exhibited positive employment and productivity
trends (quadrant 3) accounted for the highest proportion of panel. The percentage of firms becoming
more efficient (56.6 per cent) was larger than those expanding their size (53.3 per cent). This indicates
that, during the period, some resources were reallocated to occupations less productive uses.

Table 5 presents a descriptive summary of value added, hours, employment and labor

productivity trends for the set of firms integrated in each quadrant.

Table 5: Value added, employment, labor productivity trends by quadrant (> @ ®-®

Quadrant ®
Results derived from linear trend of each variable 1 2 3 4
Value added.........coovviiiiiiiiiiiiiiiic e 0.1478 0.0172 -0.1681 -0.0150
(0.1595) (0.1092) (0.2665) (0.2080)
HOUPS WOFKEU. ...ttt 0.0359 -0.0845 -0.0279 0.1165

(0.1245) (0.1121) (0.1476) (0.1618)

EMPLOYMENL......oiuiiiiiiiieiietiiee ettt ettt 0.0867 -0.0692 -0.0682 0.0991
(0.1326)  (0.0997) 0.1225)  (0.1304)

Labor productivity (PEr hOUT).........c..oevevereereiieceeieiceieieeeee e 0.1119 0.1017 -0.1425 -0.1359
(0.1324)  (0.1091)  (0.2618)  (0.2175)

Labor productivity (Per WOTKET). . ......c.covueverieereiereieereesssesesseese s (8?582) (g?g?g) (-(?20593959) (—(;).1191 ;‘Z)

Source: Authors’ calculations using DETEFP, Balango Social (1995-1999).

Notes:
(1) Values displayed are averages by quadrant of coefficients estimated for time trends of each variable logarithm. Regressors include a
time trend, eight dummies (Agriculture, forestry and fishing; Industry; Energy; Construction; Trade, Restaurants and hotels;
Transportation and communication; Business services; other services), seven regional dummies (Norte; Centro; Lisboa e Vale do Tejo;
Alentejo; Algarve; Agores; Madeira) and three dummies for legal form (corporation, partnership, others).
(2) The sample integrates 2109 firms that answered to Balango Social at least two times between 1995 and 1999
(3) All estimations obtained by ordinary least squares.
(4) Standard errors in parenthesis.
(5) Quadrants defined following Baily et al. (1997). See Figure 1 for a summary of the criterions adopted.

To analyse the connection between long run equilibrium and short run decisions, Baily et al.

(1997) use the previous information by defining four dummies (I;)

I;=1 if 7; >0 and (%i >0, 1;;=0 otherwise;

=1 if 21 <0 and ;i >0, 1,;=0 otherwise;

Li=1i1f ;Li <0 and J)i <0, I5;=0 otherwise;
(4) Iy=11if ;Li >0 and (%i <0, 14=0 otherwise

A A

where 2; and ¢; is the estimated coefficients for labor productivity and employment time trends.
To determine if all firms presented equal deviations from its trend we estimated

4
(5) var(ej) = dj + ;X + Zquqi + Yy
q=1
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where /,; is a variable introduced to resume each firm steady state (long run equilibrium). Comparing

the estimations of y, we can infer if quadrants revealed identical elasticity to business cycle. Table 6

presents the results of the estimation.

Table 6: Elasticity of labor productivity degree to business cycle @ ®-®.®

Variant 1: Labor productivity (per hour)

Panel A Panel B Panel C
Unbalanced panel  Balanced panel Industry
Structural performance indicator (I ;)
Quadrant 1 Productivity trend>0 0.0358* 0.0293* 0.0365*
Employment trend>0 (0.0072) (0.0060) (0.0105)
Quadrant 2 Productivity trend>0 0.0261* 0.0294* 0.0301*
Employment trend<0 (0.0029) (0.0039) (0.0046)
Quadrant 3 Productivity trend<0 0.0924* 0.1158* 0.0807*
Employment trend<0 (0.0245) (0.0430) (0.02234)
Quadrant 4 Productivity trend<0 0.0471* 0.0629* 0.03361*
Employment trend>0 (0.0099) (0.0185) (0.0054)
Number of groups 2109 1160 1157
Test F (df) 35.74 2521 26.83
(4,2105) (4, 1156) (4,1153)
Adj. R? 0.0378 0.0379 0.0513
Variant 2: Labour productivity (per worker)
Panel A Panel B Panel C
Unbalanced panel  Balanced panel Industry
Quadrant Structural performance indicator (Iy;)
Quadrant 1 Productivity trend>0 0.0351* 0.0302* 0.0338*
Employment trend>0 (0.00743) (0.0070) (0.0110)
Quadrant 2 Productivity trend>0 0.0237* 0.0261* 0.0284*
Employment trend<0 (0.00291) (0.0039) (0.0045)
Quadrant 3 Productivity trend<0 0.0900* 0.1206* 0.0743*
Employment trend<0 (0.0223) (0.0386) (0.0226)
Quadrant 4 Productivity trend<0 0.0401* 0.0551* 0.0306*
Employment trend>0 (0.0097) (0.0182) (0.0057)
Number of groups 2109 1160 1157
Test F (df) 3039 20.54 22.17
(4,2105) (4, 1156) (4,1153)
Adj. R? 0.0383 0.0433 0.0425
Source: Authors’ calculations using the DETEFP, Balango Social (1995-1999).
Notes:

(1) Results were derived using three different panels: Panel A,, the unbalanced panel, integrating the 2109 firms that answered to
Balango Social at least two years from 1995 to 1999; Panel B, the balanced panel, with 1160 firms that answered to Balango Social in all
years of the period from 1995 to 1999; and Panel C, with the 1157 firms from the industrial sector.
(2) Dependent variable: labor productivity (in logs).
Regressors include besides the time trend a set of eight sectorial dummies (Agriculture, forestry and fishing; Industry; Energy;
Construction; Trade, restaurants and hotels; Transportation and communication; Business services; Other services), seven regional
dummies (Norte; Centro; Lisboa e Vale do Tejo; Alentejo; Algarve; Agores; Madeira) and three dummies for legal form (corporation,
partnership, others).
(3) * 1% significance level

** 5 % significance level;

**% 10 % significance level
(4) All estimations obtained by ordinary least squares.
(5) Standard errors in parenthesis
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Table 6 (first column) shows that labor productivity of firms from the third quadrant exhibit
much stronger deviations from its trend then firms in the remaining quadrants (conclusions are
independent from the proxy used to measure labor productivity — productivity per worker or per hour -
although fluctuations are much more pronounced using labor productivity per hour than labor
productivity per worker). To find if conclusions were affected by choices made to determine which
firms to consider for analysis, two other samples were defined: the balanced panel (panel B) and the
set of industrial firms (Panel C). The results in Table 6 seem to exclude such possibility.

To evaluate the relative importance of each intra firm theory we then estimated the elasticity

of labor productivity to business cycle shocks:

4

(6) st =0+ Zeqlqi Dijje+ vit

q=1

where Dy, is the Downstream Demand Indicator for sector & within which firm i developed activity in

period ¢. By applying a fixed estimator to previous equation we obtained the results presented below”.

A

8 Given the importance of 0q to final conclusions, the selection of the estimator was carefully addressed. The small number

of observations for each group (firm) and from Hausman specification tests favoured the selection of the fixed effects
estimator.
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Table 7: Correlation between labor productivity and business cycle V@ ®-@.®

Variant 1: Labor Productivity (per hour)

Panel A Panel B Panel C
Unbalanced panel  Balanced panel Industry

Explanatory variables
Structural performance indicator (1)

Quadrant 1 Productivity trend>0 -0.5677* -0.5081%* -0.6941%*
Employment trend>0 (0.1263) (0.1460) (0.2456)
Quadrant 2 Productivity trend>0 -0.5202%* -0.4612* -0.7341*
Employment trend<Q (0.1352) (0.1536) (0.2254)
Quadrant 3 Productivity trend<0 1.3358%* 1.231%* 1.9938*
Employment trend<0 (0.1798) (0.2083) (0.2598)
Quadrant 4 Productivity trend<0 0.8138* 0.8373* 1.2382*
Employment trend>0 (0.1391) (0.1694) (0.2762)
Constant 0.4476%* 0.4511% 0.3762*
0.2171) 02319 | (0.060)
Observations 8670 5792 4831
Number of groups 2109 1160 1157
Test F (df) 34.98 23.77 26.18
(13, 6548) (13, 4619) (12, 3662)
Hausman test (df) 265.95 127.93 221.81

Variant 2: Labor Productivity (per worker)

Panel A Panel B Panel C
Unbalanced panel _Balanced panel Industry

Explanatory variables
Structural performance indicator (1)

Quadrant 1 Productivity trend>0 -0.4430%* -0.3837* -0.6373*
Employment trend>0 (0.1239) (0.1450) (0.2378)
Quadrant 2 Productivity trend>0 -0.3745* -0.2832%*** -0.6964*
Employment trend<0 (0.1326) (0.1527) (0.2183)
Quadrant 3 Productivity trend<0 0.8568* 0.7496* 1.1419*
Employment trend<0 (0.1762) (0.2069) (0.2514)
Quadrant 4 Productivity trend<0 0.6709* 0.7237* 0.9397*
Employment trend>0 (0.1363) (0.1683) (0.2669)
Constant 0.5027** 0.5205%* 0.4702*
(0.2129) (0.2304) (0.0601)
Observations 8673 5793 4833
Number of groups 2109 1160 1157
Test F (df) 30.46 21.28 23.40
(13, 6551) (13, 4620) (12, 3664)
Hausman test (df) 282.34 156.67 226.60
(13) (13) (12)

Source: Authors’ calculations using DETEFP, Balango Social (1995-1999).
Notes:
(1) Results were derived using three different panels: Panel A, the unbalanced panel, integrating the 2109 firms that answered to Balango
Social in at least two years from 1995 to 1999; Panel B, the balanced panel with 1160 firms that answered to Balango Social in all years
of the period from 1995 to 1999; and Panel C, with the 1157 industrial firms.
(2) Dependent variable: labor productivity (in logs).
Regressors include besides the time trend a set of eight sectorial dummies (Agriculture, forestry and fishing; Industry; Energy;
Construction; Trade, Restaurants and Hotels; Transportation and communication; Business services; other services), seven regional
dummies (Norte; Centro; Lisboa e Vale do Tejo; Alentejo; Algarve; Agores; Madeira) and three dummies for legal form (corporation,
partnership, others).
(3)* 1% significance level
** 5 % significance level;
**% 10 % significance level
(4) All estimations obtained by ordinary least squares.
(5) Standard errors in parenthesis

Firms established very different relations with aggregate demand shocks. Firms revealing a

positive trend in labor productivity have countercyclical productivity. However, firms for which we
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expect productivity to decrease, productivity fluctuations presented a positive correlation with
business cycle.

We can also conclude that procyclical mechanisms behind productivity were stronger than
those favouring counter cyclicality (this conclusions can be accessed by confronting the absolute
values of the estimated coefficients for 0, and 6, with those obtained for 6; and 6,).

A careful examination of results reported at Table 7, using the neoclassical theory and
following variants, allows several remarks. Evidence does not attest to any of these possibilities the
capacity to completely explain the cyclical behaviour of labor productivity. Adjustment costs and
labor hoarding models assume an association between size trends and cyclical behaviour of labor
productivity. Given that elasticity of labor productivity for firms from quadrant 1 (quadrant 2) has the
symmetric sign from quadrant 4 (quadrant 3), these explanations cannot completely account for the
processes reported.

Because labor productivity is countercyclical in some quadrants and procyclical in others, the
model with externalities does not fit with accuracy data in analysis. Because for 57% of the sample
productivity was found to be countercyclical, we studied the possibilities offered by neoclassical
theory to interpret evidence in examination. However, given the estimated coefficients this hypothesis
was not confirmed.

An interpretation of the results by quadrant provides a different insight to labor productivity
dynamics in the panel, enhancing our ability to identify its causes. In the first quadrant, the
neoclassical model seems to fit the type of correlation estimated. Adjustment costs and labor hoarding
models are clearly far from having space in this context.

For firms in quadrant 2, reductions in size were associated to efficiency gains. Estimated
models suggest the existence of a negative association between labor productivity and aggregate
demand shifts. As before, the neoclassic model seems to be the best instrument to explain this
dynamic.

Results for quadrant 3 favour the model with adjustment costs. And because at the aggregate
level, labor productivity was found to be procyclical, we can say that the existence of adjustment costs
assumed a crucial role in determining the cyclical behaviour of this variable for Portuguese economy.
In this quadrant results also contribute to assign some relevance to models with internal scale
economies.

Finally, in quadrant 4 estimated coefficients attest some relevance to labor hoarding model.
To resume previous indications we can say that all intra firm models seem to have had an important

role in explaining the procyclical behaviour of labor productivity.
6. Conclusions

This paper attempted to establish a link between recent theories concerning labor productivity

cyclical behaviour. Empirical evidence showing that labor productivity was not countercyclical as
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predicted by neoclassic models but rather procyclical led to several theoretical and methodological
developments on this matter.

Models associate changes in labor productivity with two different sources: reallocation of
factors between firms with different productivity levels and the capacity of firms, given several
constraints, to manage labor demand. In both groups some theories predict productivity to be
countercyclical while others point to the opposite scenario. In the first group we can find theories
pointing to the existence of cleansing effects and sullying effects. The second group integrates
microeconomic models such as the neoclassical model as well as variants such as labor hoarding,
adjustment costs, scale economies and externalities.

Most studies in this area tend to focus on intra firm or inter firm approaches, in order to
determine which specific alternative better suits the data. This paper tries to escape such common
place and articulates several methodologies to determine the role assumed by each possibility
(independently from its source). The statistical data available for Portugal, collapsed at Balango
Social, allowed us to construct a panel of 2100 firms with more than 100 workers for which
information concerning labor demand was available. The period considered for analysis started in
1995 and ended at 1999.

Results pointed that intra firm effects were stronger than inter firm. Aggregate labor
productivity average annual growth of 0.8 per cent resulted from a contribution of 2.15 per cent from
changes in internal dynamics and the negative effect of 1.36 per cent from reallocation flows. This
outcome recognized the importance of intra and inter firm dynamics to explain the cyclical behaviour
of labor productivity.

The correlation between reallocation effect and unanticipated shifts in aggregate demand was
positive, suggesting schumpeterian effects had been stronger than sullying effects.

The analysis of intra firm dynamics followed closely the methodology of Baily et al. (1997).
Through results obtained from their procedure we found that firms in the panel were strongly
heterogeneous. More than half of the firms presented countercyclical productivity (56.7 per cent of the
total). Nevertheless, procyclical dynamics revealed a much higher elasticity to the cycle than the
previous.

Given the specificities of the firms integrating this panel both neoclassic approach as well as
its variants seem important to account for the captured processes.

Several issues about cyclical behaviour of labor productivity remain unanswered. The
importance of labor productivity to social welfare is sufficient motivation to increase efforts to

dissipate the doubts involving its dynamics.
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