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Thick-Market Externalities in U.S.
Manufacturing: A Dynamic Study with

Panel Data

Miguel Jimenez, European University Institute
Domenico Marchetti, jr. *

Cornell University and Bank of Italy

Abstract

This paper investigates the effect of the business cycle on pro-
ductivity. We apply a VAR methodology to a panel data set of 402
four-digit U.S. manufacturing industries. In order to distinguish
between (i) effort variation effects and (ii) thick-market effects a la
Diamond (1982) and other "true” productive externalities, if any,
we simulate a permanent demand-induced increase of aggregate
economic activity, and analyze the dynamic response of sectoral
productivity. Our results support the existence of supply-side ex-
ternalities, and therefore point to them as a potential source of
social increasing returns and multiple equilibria. In addition, un-
like some recent papers by Gali and Hammour (1993) and Saint-
Paul (1993), we find no evidence of negative long-run effects of
expansions on productivity.

*This paper was written when D. Marchetti was a visiting researcher at EUI,
whose support is gratefully acknowledged. The views expressed herein are those of
the authors, and do not necessarily reflect those of the Bank of Italy. We thank
Robert Waldmann and seminar participants at EUI for valuable comments; Fabio
Canova and Douglas Holtz-Eakin for useful discussions at a preliminary stage of our
research. Data were provided by Eric Bartelsman and John Fernald. We also thank
Professor Jorgenson for letting us use his data.
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1 Introduction

In an original contribution to the theory of business cycle, Diamond
(1982) -by introducing the exchange mechanism into a formal model -
has described one channel through which the level of aggregate economic
activity can affect productivity of individual firms at business cycle fre-
quencies. In his model, higher activity levels result in higher probabil-
ities of matching among compatible agents. This is the leading model
of so-called -and highly controversial- ” thick-market” effects. That the
output of individual firms and industries is higher in places and at times
when economic activity is more concentrated is hardly deniable. The
question is rather if -at business cycle frequencies- such externalities are
mainly on the demand side, or the production side. ”Pecuniary” or de-
mand externalities have a much stronger tradition in economics. They
were behind the Keynesian multiplier theory, and drive recent models
of imperfect competition and multiple equilibria, like those by Kiyotaki
(1988) and Murphy et al. (1989). On the other hand, theoretical discus-
sion of technological externalities has not made much progress after Dia-
mond’s (1982) contribution. However, they fit well in Weitzman’s (1982)
broad concept of increasing returns, and have been explicitly formalized
in Durlauf's (1991) model of localized technological complementarities
and multiple equilibria. In general, thick-market (or trading) external-
ities provide a supply-side rationalization for the increasingly popular
assumption of costant returns at firm level combined with industry(or
economy)-wide increasing returns.

On the empirical side, technological externalities have attracted
much attention from the recent controversy on the source of procyclical
productivity. In fact, in awidely-cited paper, Caballero and Lyons (1992)
have suggested that procyclical productivity is due to high-frequency
external effects from aggregate activity, besides the traditional labor
hoarding effects, advocated by Rotemberg and Summers (1990) and
Bernanke and Parkinson (1991). Caballero and Lyons’ results have been
changelled, thereafter, by Basu and Fernald (1993) and Marchetti (1994),
on grounds of model misspecification and data shortcomings. However,



Bartelsman, Caballero and Lyons (1994) have offered new evidence on
thick-market effects, with more disaggregated data.l

This paper investigates the nature and empirical relevance of the
effect of aggregate economic activity on productivity. We make use of
a dynamic model, and apply it to a panel data set of 402 four-digit
U.S. manufacturing industries. We use gross output data, and data on
four inputs -i.e., production labor, non-production labor, capital and
intermediate inputs. Our data set covers the period 1958-84.

In practice, the analysis of the effect of the business cycle on pro-
ductivity is significantly complicated by measurement errors which typ-
ically affect data on labor input. In fact, as it is well-known, if labor
effort varies over the cycle -as it does- productivity measures can be
highly biased and misleading (see for example Abbott et ah, 1989, and
Gordon, 1990). Positive effort variations result in apparent productivity
increases, which add up to true external effects, if any. Furthermore,
although effort-adjusted productivity measures have been used in some
studies (see Gali and Hammour, 1993, and Saint-Paul, 1993), it is impor-
tant to recognize that all attempts to correct productivity measures for
effort variations are arbitrary to some extent, given the lack of detailed
information on the matter. 2

Rather than using effort-adjusted productivity measures, we follow
Sbordone’s (1992) dynamic approach to identify effort variation vs. thick-
market effects, while using standard, unadjusted Solow residuals. The
method is the following. We simulate a permanent increase of aggregate
activity in a VAR model, and investigate over time the induced change in
sectoral productivity. As time passes, effort variation effects will die out,
whereas "true” trading and technological externalities will not vanish.
Detection of a persistent positive effect on productivity level, therefore,
is interpreted as evidence of thick-market externalities.

Our approch is also readily interpretable within the structural Vec-

1Yet, such results might also be affected, to some extent, by the limitations of the
data that they use. See Norbbin (1993, pages 1149-54).

2For a careful analysis of effort variations over the cycle and a discussion of related
proxies, see Shea (1991). On labour hoarding, see Fay and Medoff (1985).



tor Autoregression literature, since it shares some features with models of
the kind introduced by Blanchard and Quah (1989). However, the spec-
ification and identification of our model differs significantly from theirs.
Indeed, Blanchard and Quah’s identification would not be appropriate
within our model, since it is inconsistent with endogenous productivity.
Instead, we choose an identification approach which is similar, in spirit,
to that introduced by Stockman (1988). That is, we (implicitly) assume
that business cycles are driven by two kinds of disturbances, uncorrelated
with each other, respectively aggregate and sectoral disturbances. Aggre-
gate shocks can be readily interpreted as mainly real aggregate demand
shocks, plus aggregate supply shocks (such as the oil price shocks), while
sectoral shocks represent "pure” technological shocks, in the real busi-
ness cycle tradition. 3 By following again Sbordone (1992), we identify
the model by assuming that sectoral technological shocks do not affect
contemporaneously aggregate activity growth, due to the limited dimen-
sions of each industry vis-a-vis the whole manufacturing sector. This
assumption seems to us quite reasonable, since we use data on four-digit
SIC level industries. Indeed, the use of sectoral data is the other feature
of our model that differs from the structural VAR literature, since we use
panel data for estimating the VAR coefficients.

We find some evidence of labor-hoarding effects and, more inter-
estingly, thick-market externalities, in the above sense. That is, we find
that permanent increases in aggregate activity -other than those due to
technological shocks- have a persistent positive effect on productivity.
Furthermore, an extension of our base model -which disentangles aggre-
gate demand shocks from oil price shocks- shows that our results cannot
be simply attributed to the latter.

Our findings help also to clarify a closely related issue. Some re-
cent theoretical papers have emphasized the positive effects that reces-
sions may have on productivity, through a number of channels. Ca-

3Note that the assumption of sectoral -rather than aggregate- technological shocks
follows closely the leading multi-sectoral real business cycle model -i.e., Long and
Plosser (1983). Furthermore, this assumption is consistent with any accurate histori-
cal account of technological progress, which is almost by its nature industry-specific,
and then eventually spreads out across sectors. See Rosenberg (1982).



ballero and Hammour (1991) have used a model of creative destruction
to show that recessions have "cleansing” effects on outdated techniques
and products. Hall (1991) has emphasized the role of "organizational”
capital, whose accumulation would increase during slumps. These and
other studies (see also Bean, 1990, and Aghion and Saint-Paul, 1991)
rely on intertemporal substitution of productivity-improving activities
along the cycle. Recently, two empirical studies -by Gali and Hammour
(1993) and Saint-Paul (1993)- have provided evidence supporting such
theories. According to their results, any positive effects of expansions on
productivity are more than offset by negative ones, and expansions have
a negative net effect on productivity in the long run.

Our results are quite different. Indeed, we find that the long run
effect of booms on sectoral productivity is positive in manufacturing as
a whole and in most two-digit manufacturing industries (although very
close to zero in the remaining industries). The difference between our
results and the cited ones is most probably due to the way the respective
models are identified. To this regard, Gali and Hammour and Saint-Paul
identify demand shocks as those which have no contemporaneous effect on
productivity. Even leaving aside thick-market effects (which are assumed
away within their identification), such assumption strictly requires the
use of productivity measures adjusted for effort variations. However,
as mentioned above, deriving such measures is quite an arbitrary task.
Ultimately, therefore, the reliability of Gali-Hammour and Saint-Paul
identification approach hinges upon that of such adjustments.

Finally, we performed a number of robustness tests. In particular,
we repeated our estimations for each industry at 2-digit SIC level, testing
the significance of the long run response of productivity growth to ag-
gregate shocks using the sequential Bonferroni approach. We also tested
if our results were sensible to the aggregation level or other features of
the data used. Corroborative evidence was found using Jorgenson et al.’s
(1987) quality-unadjusted two-digit data.

The remainder of the paper is organized as follows. Section 2 in-
troduces the basic model to be used in our analysis. A brief description
of the data can be found in Section 3. Results are discussed in Section



4, and conclusions follow.

2 A VAR Model of Productivity and the
Business Cycle

In this section we introduce our basic model. As mentioned in the intro-
duction, we intend to analyze the dynamic effect of aggregate economic
activity on productivity. To this purpose, we use a Vector Autoregressive
approach.

We characterize the joint dynamics of our main variables -the rate
of growth of, respectively, aggregate economic activity, AF, and sectoral
productivity, As,—as a stationary two-variable vector autoregressive pro-
cess of order one. Our measures of the variables are the rate of growth of
aggregate manufacturing output, and the sectoral (four-digit level) gross
output Solow residual.

More formally, let X(t) be the vector (AF, As;)’, and u(t) a two-
dimension white noise process. We assume that X(t) follows a stationary
stochastic process, with the following canonical moving average repre-
sentation:

X(t) = $OU® + SMHu - 1)+ ..
= ES(>(*-),

where Var(u)=fl and $(0) = 7.4

As it is well known, such process can be also expressed in terms
of orthogonal or fundamental residuals. Let e(t) be the vector (eae,)’,
where ea and e, are, respectively, aggregate and sectoral disturbances,
independent to each other. Then X(t) can be expressed as:

4For simplicity, we are dropping the vector of means from the representation.



X(t) = CC)éO)e(t) + 0(he(i —1) + 0(2)e(f—2) + ...
- EOC>()

with Var(e)=I, and where 0(i) = for i=0,1,2...; e(t)=P_1u(t),
and the matrix P has to satisfy 0= PP'. 5

Since we are interested in the impulse response of the system (par-
ticularly in productivity response to demand-induced innovations in ag-
gregate activity), the identification of such disturbances is a crucial issue.
By following Sbordone (1992), we achieve identification by imposing a
Wold-causal chain on AY and As,, through the lower Cholesky decom-
position of the residual covariance matrix fi. That is, we assume that
the growth of aggregate output affects contemporaneously sectoral pro-
ductivity growth, but not viceversa. As emphasized in the introduction,
this is a plausible assumption, given the limited size of each sector (either
four-digit or two-digit level, depending on the data) vis-a-vis the whole
manufacturing sector.

Clearly, this identification is equivalent, within the framework of
structural Vector Autoregressive models, to a short-run restriction -i.e.,
constraining sectoral disturbances to have no contemporaneous effect on
aggregate activity growth.

We estimate the model by pooling the 402 four-digit industries in
several ways (see next section). In either case, the omission of individ-
ual industry effects would result in biased and inconsistent within-group
estimates of the parameters. To this regard, at least two alternative es-
timating procedures are available. If the number of observations is large
enough, one can treat individual effects as constants to be estimated,
and use the familiar dummy variables least squares estimator, or within-
estimator (see for example Hsiao, 1986). The other procedure -which
is necessary when the number of observations is small, and the within-
estimator is therefore inconsistent- consists of differencing the original

5Notice that the disturbances e(t) are mutually uncorrelated by construction. See

for example Luetkepohl (1991). Note also that P is not uniquely defined, up to this
point.



equation, thus eliminating any (constant) individual effects. One can
then use instrumental variables to estimate the parameters of the trans-
formed equation. The use of instruments is necessary because of the
induced serial correlation in the error term and the presence of lagged
dependent variables. Such estimating strategy has been first applied to
a Vector Autoregressive model by Holtz-Eakin et al. (1988). However,
since our original data are first differences (rates of growth), if we differ-
enced them we would be dealing with second differences, thus possibly
facing all sorts of problems induced by overdifferencing. On the other
hand, we do have as many as thirty-two observations -quite a large num-
ber for panel data. We therefore use throughout the paper the dummy
variables least squares estimator. 6

Before discussing our results, it is worth pointing out the direction
of our investigation. Due to adjustment costs and effort variations, cy-
cles do affect contemporaneously measured productivity growth —e., the
Solow residual- regardless of the presence of thick-market effects and the
like (see for example Morrison, 1988). It is almost impossible, therefore,
to disentangle the former effects within a static analysis. A dynamic
analysis, on the other hand, can offer some insights, as follows.

Let us consider effort variations. After a temporary shock to AY
-which corresponds to a permanent increase of the level of Y- in the
presence of adjustment costs, effort is likely to increase in the short-run,
in order to accomodate the increased demand. This would show up as an
(apparent) increase of the Solow residual. In the medium-run, however,
effort would decrease and labor force (and capital) would adjust to the
new production levels. If this is indeed the case, the decrease of effort
would result in a negative Solow residual, during one or more periods
after the initial shock (unless effort variation effects are more than offset
by "true” external effects).

Consider now thick market effects and other "productive” exter-
nalities. If they take place, a permanent increase of aggregate activity

6ln any case, we also estimated the model with instrumental variables and second
differences. The results axe very similar to the ones obtained with the dummy variables
least square estimator, and for some sectors more favourable to our hypothesis.



should have a persistent positive effect on productivity level. On the
other hand, such persistent effect -if any- could not be attributed to labor
hoarding effects, since effort variations clearly cancel out in the medium
run. Therefore, we interpret the persistence of productivity level above
its starting value -after a permanent increase of aggregate activity- as
evidence of thick market effects and the like. In the next section, we
offer informal evidence on the matter, and also use a Bonferroni testing
procedure.

3 Data

Most of the data that we use in this paper were obtained from a large
data set developed by Wayne Gray at NBER, which covers 450 U.S.
4-digit SIC level manufacturing industries, in the period 1958-84. The
main source of such data set is the Annual Survey of Manufacturers, con-
ducted by the U.S. Census Bureau. Gross output is value of shipments
plus inventory change. Intermediate inputs include both materials and
energy, although they exclude purchased services, therefore resulting in
a slight underestimation of total intermediate inputs. Data on capital
refer to both structures and equipment. They are based on estimates
from a joint project by the University of Pennsylvania, the Census Bu-
reau and SRI Inc., and from the Bureau of Industrial Economics of the
Commerce Department. For detailed documentation on the data set, see
Gray (1989).

As mentioned above in the paper, the detail of our dataset allows us
to compute sectoral Solow residual by using data on two different labor
inputs -i.e., production workers hours, and the number of non-production
workers (unfortunately, we do not have data on non-production worker
hours). However, Gray's data on compensation of labor inputs do not
include Social Security benefits and the pay of employees in auxiliary
units, who account for as much as 10 per cent of total employees. That
is, they underestimate true labor compensation. Therefore, if we used
the original Gray’s data (as Bartelsman et al., 1994, do) we would un-
derestimate the labor elasticity of output in the computation of Solow



residual, thus introducing a potential bias in our results (see Norrbin,
1993, on such problem with regard to the estimation of markups). In
order to avoid that, we adjust Gray’s four-digit labor compensation data
by using two-digit figures from U.S. National Income and Production Ac-
counts (NIPA)7, and assuming that labor compensation data of four-digit
industries within each two-digit sector are uniformly underestimated.

4 Empirical Results

We first estimated our model by pooling the four-digit industries (i) all
together, and (ii) in two groups, respectively durable and nondurable
goods industries. To take into account individual fixed-effects at four-
digit level, we used the familiar dummy variables least squares estimator,
with two dummies for each industry: one for the pre-1973 period and one
for post-1973. By doing so we try to capture the possible change of trend
of variables after the oil crisis. 8

For the purposes of our analysis, we focus on the response of pro-
ductivity level (i.e., cumulated Solow residuals) to aggregate shocks. 9
The impulse responses are shown -for the three models with, respectively,
(i) durable goods industries, (ii) nondurable goods industries and (iii) all
industries- in Figures B.l to B.3, at the end of the paper. As usual, the
graphs trace the response of each variable to a unit (one standard error)
orthogonal shock. All responses are measured as percent changes with
respect to the equilibrium path. One standard error bands surround the
point estimates of the responses. 10

By examining them, the following robust results emerge clearly.
First, aggregate shocks do have a large contemporaneous positive effect

7Kindly provided by Robert Hall.

8See Perron (1989).

9We calculate the response of the Solow Residual (i.e., productivity growth) to
aggregate shocks and then cumulate these increases to a given initial level, in order
to obtain the response of productivity level.

10Standard errors are computed from the asymptotic distribution of the response
estimates, as suggested in Luetkepohl (1991).



on productivity. In the pooled model, for example, productivity increases
in the same period by 2 percent in response to a unit standard error ag-
gregate shock (of the approximate size of 6 percent). Therefore, theories
which try to explain such effect (such as those based on adjustment costs
and labor hoarding or productive externalities) are worth pursuing. In
other words, there seems to be a not insignificant portion of the interac-
tion between the business cycle and productivity which is not captured
by pure real business cycle theories.

Second, for the pooled model and the non durables model produc-
tivity typically decreases during one or more periods after an aggregate
shock, after the initial surge. As mentioned above, we interpret such
result as evidence of effort variations. This sheds some light, therefore,
on some of the factors which possibly underlie the positive contempo-
raneous effect of aggregate activity on productivity, mentioned above.
For the durables model, however, the level of productivity remains virtu-
ally unchanged after the initial increase. This suggests that either labor
hoarding effects are not very important in these sectors, or, more likely,
that the impact of effort variation on measured productivity is offset by
that of " true” externalities.

Third, and perhaps more importantly, as time passes -after a per-
manent increase of aggregate activity- productivity level does not return
to its original level, but rather converge to a new, higher equilibrium level.
In other words, there appears to be a persistent positive effect of aggre-
gate activity on productivity. This result is much clearer for durables
than for non durables, although for both cases the t-test strongly rejects
the null hypothesis. The estimates of the long run responses of produc-
tivity level are reported in Table 4.1, together with the impact responses,
for each model.

In order to achieve further evidence on the matter, we estimated the
model separately for each two-digit sector, by pooling four-digit indus-
tries within each of them. That is, we exploited the cross-section dimen-
sion of our sample to estimate separate VAR models for each two-digit
industry. The fairly reasonable homogeneity among the cross-section
units involved in such regressions would yield quite accurate estimates.

10



Table 1: Response of productivity level to aggregate shocks (per-
cent)

First Period Long Run
Response S.E. Response S.E.
Pooled model 2.06 0.06 1.88 0.09
Durable Goods 241 0.07 242 0.11
Nondurable Goods 1.47 0.10 0.97 0.15

Note: Annual data for 4-digit SIC manufacturing industries. The coefficients of the VAR(l)
are estimated using two dummies for each industry (pre and post-1973). The standard errors

of the impulse responses are estimated following Luetkepohl (1991).

The estimates of both first-period and long-run responses of pro-
ductivity level to aggregate shocks are reported, for each two-digit sector,
in Table 4.2. The complete graph of such response is reported in Figures
B.7 to B.ll, at the end of the paper. It is worth pointing out that the
new findings -although they vary widely across sectors- confirm all the
main results observed with the more aggregate models. Also, at first
sight, durable good industries tend to show a larger long-run response of
productivity level to aggregate shocks than nondurable goods industries.

More formally, the significance of the long-run response of produc-
tivity can be assessed separately for each industry. We would reject the
null hypothesis (zero long-run response) in 12 industries out of 19, at
5% one-tail significance level. However, by doing so, the overall prob-
ability of rejecting a true null hypothesis increases with the number of
industries, and is significantly higher than the significance level for each
industry. To avoid that, we use the sequential Bonferroni approach sug-
gested by Holm (1979), and test the null hypothesis for each industry
with an overall significance level a of 5%. That is, we consider the indus-
try with the highest t-statistics -i.e., industry 35 (Machinery)- and set
the significance level equal to a/n, where n is the number of industries.
Notice that a/n = 0.0025, which is significantly smaller than the orig-
inal 0.05. Since the one-tail p-value corresponding to 15.6 (the t value

11



Table 2. Response of productivity level to aggregate shocks (per-
cent)

Industry First Period Long Run
Response S.E. Response S.E.
21. Tobacco 0.92 0.60 1.03 0.87
22. Textile mill 1.08 0.24 0.02 0.35
23. Apparel 0.95 0.22 0.39 0.30
24. Lumber-Wood 0.30 0.29 -1.36 0.38
25. Furniture 251 0.28 1.85* 0.41
26. Paper 1.67 0.23 1.09* 0.33
27. Printing 1.60 0.24 1.45% 0.34
28. Chemicals 291 0.26 2.89* 0.41
29. Petroleum-Coal 1.09 0.57 0.89 0.98
30. Ribber-Plastic 2.38 0.40 2.35* 0.55
31. Leather -0.19 0.39 -0.96 0.54
32. Stone-Clay-Glass 2.28 0.20 1.98* 0.29
33. Primary Metals 2.63 0.28 2.36* 0.38
34. Fabr. Metals 2.66 0.18 2.47* 0.27
35. Machinery 2.96 0.17 4.36* 0.26
36. Electric Mach. 3.10 0.18 3.13* 0.30
37. Transport. Equipment 157 0.27 1.31* 0.40
38. Instruments 1.80 0.28 2.53* 0.40
39. Miscellaneous 2.29 0.31 1.57* 0.43

Note: Annual data for 4-digit SIC manufacturing industries. The coefficients of the VAR(I)
are estimated using two dummies for each industry (pre and post-1973). The standard errors
of the impulse responses are estimated following Luetkepohl (1991). The starred long run
responses are those significant at 5 percent level according to the Bonferroni sequential

procedure described in the text.

12



Table 3: Response of productivity level to aggregate shocks with
Jorgenson’s two-digit data (percent)

First Period Long Run
Response S.E. Response S.E.
Pooled model 0.85 0.11 0.44 0.20
Durable Goods 111 0.15 0.67 0.31
Nondurable Goods 0.55 0.15 0.16 0.24

Note: Annual data for 2-digit SIC manufacturing industries. The coefficients of the VAR(I)
are estimated using two dummies for each industry (pre and post-1973). The standard errors

of the impulse responses are estimated following Luetkepohl (1991).

of Machinery) is lower than 0.0025, we reject the null hypothesis with
regard to industry 35. The sequential Bonferroni procedure requires that
we examine the industry with the second-highest t-statistic, set the sig-
nificance level equal to a/(n-1), perform the test, and so on, until we are
unable to reject the null hypothesis. Such procedure allows to perform
each test in concordance with the desired overall significance level. In
our case, the procedure stopped at its 13th step, since we were unable
to reject the null hypothesis for the 13th industry considered, i.e. To-
bacco. Sectors with significative long run response are 12 out of 19, and
are starred in the Table. They are mainly durable goods industries, 11
consistently with the results obtained with the pooled models.

To test whether our results are affected by the aggregation level or
any other feature of the data, we estimated the model using Jorgenson
et al.’s (1987) data on two-digit industries. Again, we estimated three
different models, by pooling respectively all industries, durable goods
industries, and nondurable goods industries. The first-period and long-
run response of productivity level to aggregate shocks are reported in
Table 3.3, for each model. The graphs of the impulse responses can be
found in Appendix B, Figures B.4-B.6.

N Durable goods industries are those with SIC code 24, 25 and 32 through 39.

13



The evidence available from this dataset largely confirms our main
results. In fact, aggregate shocks have a significant contemporaneous pos-
itive effect on productivity growth, increasing the level of productivity.
In subsequent periods, the response of productivity growth is negative,
but smaller than the initial effect, thus leaving the level of productivity
above its initial value. Furthermore, and more interestingly, the long run
response of productivity level is positive in all three models -although
lower than that obtained with four-digit data- and statistically different
from zero in both the pooled model and durable goods industries.

A further comment on our findings. They axe quite different from
those obtained by Gali and Hammour (1993) and Saint Paul (1993).
They find that the long-run response of productivity level to demand
shocks is negative. Our findings are that it is either positive or positively
close to zero, depending on the industry. A first reason behind the dif-
ferent results may lie in the aggregation level of the data used, since Gali
and Hammour and Saint Paul use economy-wide data, and the aggre-
gation levels of AT and As are the same in their model. However, we
believe that the main source of difference is rather related to their iden-
tification approach, which assumes away any thick-market effects, and,
more importantly, requires the use of effort-adjusted productivity mea-
sures. The problems involved in such adjustments can be considerable.
However, we do not mean to deny the role played during recessions by
productivity-improving activities, as those described by Gali and Ham-
mour and Saint Paul. Nor we dismiss the cleansing effects of slumps on
techniques and enterprises, emphasized long ago by Schumpeter (1939).
Rather, we interpret our results -along the lines of Gali and Hammour’s
theoretical model- as suggesting that the positive effects of expansions
on productivity more than offset the negative ones.

Finally, one might suspect that our results are simply due to ag-
gregate supply shocks, such as the 1973 and 1978 oil price shocks. This
would also explain the difference between our results and those just men-
tioned. To clarify this point, we estimated an extended version of our
VAR model, with three variables -the rate of growth of oil price, the
rate of growth of aggregate manufacturing output, and sectoral Solow

14



residual. We achieved identification by imposing a Wold causal chain on
the variables. With such model, we disentangle oil price disturbances,
and therefore can interpret aggregate shocks to manufacturing output as
mainly demand shocks. Both first-period and long-run responses of pro-
ductivity level to such aggregate disturbances are reported in Table A.l,
at the end of the paper, for the three pooled models, and in Table A.3 for
each two-digit industry. As it can be seen, the effect of aggregate activity
on productivity has not diminished overall, and the long run response is
significantly different from zero in 8 out of 19 industries (starred in the
table) at the 5 percent overall significance level, according to the sequen-
tial Bonferroni procedure. Finally, we also estimated the extended model
with Jorgenson data. Although the estimates of the response of produc-
tivity to aggregate shocks are smaller than those obtained with 4-digit
data, one cannot reject the hypothesis of a positive long-run effect.

5 Conclusions

There has been recently a number of papers -both theoretical and -
which have explored the existence of externalities which would make the
output of one firm, or one industry, complementary to the output of
other firms or industries, or the aggregate economic activity, at business
cycle frequencies. Most of such spillovers are usually assumed to be on
the demand side, as in the models by Kiyotaki (1988) and Murphy et
al. (1989). However, some economists such as Hall (1990 and 1991) have
emphasized the role of productive externalities, like the trading effects
described by Diamond (1982). Supply-side externalities have indeed been
suggested by Hall and others as one main source of procyclical productiv-
ity, and some evidence on the matter has been provided by Bartelsman
et al. (1994).

In this paper, we have investigated the dynamic effect of aggregate
activity on sectoral productivity. By building upon Sbordone’s (1992)
work, we have fitted a Vector Autoregressive model to a highly disaggre-
gate panel data set of 402 four-digit U.S. manufacturing industries. To
disentangle effort variation effects from "true” externalities, if any, we
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have simulated a demand-induced permanent increase of aggregate ac-
tivity, and analyzed the response of productivity level over time. We find
evidence of effort variation effects. Furthermore, and more interestingly,
our results support the existence of thick-market effects and other pro-
ductive externalities, and therefore point to them as a potential source
of social increasing returns and multiple equilibria. Finally, unlike re-
cent papers by Gali and Hammour (1993) and Saint-Paul (1993), we find
no evidence of long-run negative effects of expansions on productivity.
Corroborative evidence is provided using Jorgenson’s two-digit data.
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A Results for the 3-variable VAR model: Oil price
changes, aggregate activity changes and sectoral
Solow Residuals

Table 4: Response of productivity level to aggregate shocks in
the 3-variables VAR

First Period Long Run
Response S.E. Response S.E.
Pooled model 2.05 0.06 1.95 0.09
Durable Goods 2.46 0.07 2.48 0.11
Nondurable Goods 1.38 0.10 1.06 0.15

Note: Annual data for 4-digit SIC manufacturing industries. The coefficients of the VAR(I)
are estimated using two dummies for each industry (pre and post-1973). The standard errors
of the impulse responses are estimated following Luetkepohl (1991). The other responses of

the VAR are omitted here.

Table 5: Response of productivity level to aggregate shocks in
the 3-variable VAR with Jorgenson’s data

First Period Long Run
Response S.E. Response S.E.
Pooled model 0.44 0.10 0.08 0.15
Durable Goods 0.57 0.15 0.09 0.23
Nondurable Goods 0.30 0.15 0.03 0.18

Note: Annual data for 2-digit SIC manufacturing industries. The coefficients of the VAR(I)
are estimated using two dummies for each industry (pre and post-1973). The standard errors
of the impulse responses are estimated following Luetkepohl (1991). The other responses of

the VAR are omitted here.
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Table 6: Response of productivity level to aggregate shocks in
the 3-variables VAR

Industry First Period Long Run
Response S.E. Response S.E.
21. Tobacco 0.21 0.58 -0.19 0.63
22. Textile mill 0.77 0.24 0.11 0.27
23. Apparel 0.78 0.22 0.33 0.23
24. Lumber-Wood -0.08 0.29 -0.88 0.29
25. Furniture 181 0.27 0.94* 0.30
26. Paper 0.81 0.23 0.11 0.24
27. Printing 1.34 0.23 0.93* 0.26
28. Chemicals 154 0.25 0.62 0.29
29. Petroleum-Coal 0.88 0.57 0.67 0.73
30. Ribber-Plastic 1.63 0.39 0.89 0.41
31. Leather 0.02 0.39 -0.25 0.40
32. Stone-Clay-Glass 122 0.19 0.45 0.21
33. Primary Metals 171 0.27 0.91* 0.27
34. Fabr. Metals 152 0.17 0.68* 0.19
35. Machinery 2.15 0.16 1.96* 0.18
36. Electric Mach. 1.87 0.17 1.00* 0.20
37. Transport. Equipment 0.89 0.26 0.34 0.30
38. Instruments 1.52 0.28 1.36* 0.28
39. Miscellaneous 171 0.31 0.95* 0.32
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Graphics of the impulse-responses of productivity level to
a one standard-error shock in aggregate activity growth
(percent)

Figure 1: Durables. Pooled 4-Digit Industries.

Figure 22 Non-Durables. Pooled 4-Digit Industries.



Productivity level

Productivity level

Figure 3: All Industries. Pooled 4-Digit Industries.

;ure 4. Jorgenson Data. Durables. Pooled 2-Digit Industries.
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Figure 5: Jorgenson Data. Non-Durables. Pooled 2-Digit Indus-
tries.

Figure 6: Jorgenson Data. All Sectors. Pooled 4-Digit Indus-
tries.
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Figure 7: 4-Digit Industries Pooled within 2-Digit Sectors: 21—
24,
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Figure 8: 4-Digit Industries Pooled within 2-Digit Sectors: 25—
28.
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Figure 9: 4-Digit Industries Pooled within 2-Digit Sectors: 29—
32.
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Figure 10: 4-Digit Industries Pooled within 2-Digit Sectors: 33-
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Figure 11: 4-Digit Industries Pooled within 2-Digit Sectors: 37—
39.
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