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TABLE 4

EsTIMATES OF ¢ FOR THE CycLICAL UTILIZATION MODEL

GMM

1st Set 2d Set
DEPENDENT SUR of G’s of G’s

EquaTionN VARIABLE (1) (2) (3)
(13) A In TFP,(7) 481 .294 .362
(.031) (.077) (.088)

(14) Aln w,(i) .040 .569 .539
(.012) (.055) (.052)

(15) Aln p(i) .010 217 .160
(.011) (.042) (.042)

(13), (14), and (15) Common ¢ .300 .296
(.028) (.028)

(13) and (15) Common ¢ 243 .230
(.028) (.027)

SourcE.—NBER Productivity Database.

NoTE.—All variables are relative to yearly averages for all 57 industries. Each regression includes industry
dummies. The industry panel pertains to ¢ = 1959-91; i = 1, ..., 57 (the 57 industries in table 2). Number
of observations is 1,881 (33 years times 57 industries).

observations produces a Nelson-Startz (1990) statistic for instrument
relevance equal to 160 (p-value .00), far above their threshold of
two, below which bias becomes serious because the instrument is
poor.

We now turn to the GMM results. They appear in columns 2 and
3 of table 4. These columns correspond to choosing either the first
or second set of estimates for relative industry Engel curves,
6 (i) /o from Section III. The results are not very sensitive to this
choice." We first discuss the results in column 2. Instrumenting does
reduce the cyclicality of TFP substantially, though it remains very
procyclical. The estimate of ¢ from the TFP equation, .29 (with stan-
dard error .08), implies that a 1 percent cyclical increase in an indus-
try’s n/ k, predicted by our instruments, is associated with a 0.23 per-
cent increase in TFP. Note that this finding is a rejection of the
baseline model with constant returns and constant utilization (p-
value .00 for the baseline model).

The utilization model predicts that both relative wages and prices
move by an elasticity of ¢ with respect to relative movements in n/ k.
In fact, instrumenting dramatically increases the estimated response
in wages and prices. The estimate of ¢ from the price equation goes
from .01 to .22 and is statistically very significant. This estimate is

"' We also examined estimates by three-stage least squares for both the varying
utilization and increasing returns models. The results are qualitatively very similar
to those by GMM.
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quantitatively similar to the estimate of ¢ from the TFP equation of
.29. The data do not reject a common estimate of ¢, equal to .24
(with standard error .03), for the TFP and price equations (p-value
.54). Instrumenting raises the response of wages to n/k from .04
to a very economically and statistically significant value of .57. This
estimate for ¢ is substantially larger than the estimate based on TFP
and prices. Estimating a common ¢ across the three equations yields
a value of .30, but the data firmly reject this constraint (p-value .00).

In modeling we assumed a completely integrated labor market
across industries. The only source of relative wage changes is a com-
pensating differential for working less ideal hours. If industries face
industry-specific supply curves, this provides an additional rationale
for relative wage increases for the more cyclical industries producing
durable luxuries (see, e.g., Bils and McLaughlin 1997). This would
imply that the wage equation estimate of ¢ is potentially biased up-
ward. Note, however, that any bidding up of industry wages should
still be reflected in an industry’s price. Thus this might rationalize
the higher value for ¢ from the wage than from the TFP equation,
but not the differential between the wage and price equations.

Overall, however, we view the results as consistent with the predic-
tions of the utilization model. They also clearly highlight the impor-
tance of instrumenting. Adopting the second set of estimates for the
industry Engel curves yields the GMM estimates in column 3. They
are qualitatively very similar to the results in column 2. The TFP
equation does now yield a slightly higher value for ¢, and the price
equation yields a slightly lower value. The data continue to accept
a common estimate of ¢ for the TFP and price equations (p-value
.16), which now takes the value .23 (with standard error .03).

Testing for Increasing Returns to Scale

For the increasing returns model, relative industry movements in
TFP and prices vary predictably with relative movement in total in-
puts according to equations (18) and (19). Each of these equations
yields an estimate of the technology parameter (y — 1), that is, re-
turns to scale minus one. Again for descriptive purposes, we first
estimate these equations by SUR. We then estimate the equations
jointly by GMM, instrumenting with z,(z).

The SUR results are presented in column 1 of table 5. The TFP
equation estimate for y — 1 shows that relative TFP increases by 0.23
percent for each percentage increase in an industry’s rate of growth
in relative inputs. By contrast, the pricing equation generates a
slightly negative estimate for y — 1. This is driven by the result that
relative prices for durable luxuries do not decline in recessions. This
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TABLE 5

ESTIMATES OF Y — 1 FOR THE INCREASING RETURNS TO SCALE MODEL

GMM

1st Set 2d Set
SUR of 6’s of 6’s

EquaTioN DEPENDENT VARIABLE () (2) (3)
(18) A In TFP,(7) 228 185 .206
(.021) (.055) (.057)
(19) Aln p (i) — (1 — o) —.013 —.185 —.153
X Aln[n/(i)/k (i)] (.025) (.067) (.068)
(18) and (19) Common 1 — vy 167 173
(.040) (.058)

SourcE.—NBER Productivity Database.

NoTe.—All variables are relative to yearly averages for all 57 industries. Each regression includes industry
dummies. The industry panel pertains to ¢ = 1959-91; i = 1, ..., 57 (the 57 industries in table 2). Number
of observations is 1,881 (33 years times 57 industries).

is true even though the very procyclical term (1 — o)A In(n,/k/)
is subtracted from the price changes to reflect the contribution of
increases in the labor/capital ratio to marginal cost.

Before examining the GMM results, we first document the result
of the Nelson-Startz test for relevance of the instruments. The re-
gression of relative industry movements in total inputs on z,(7) yields
a first-stage R* of .108. Multiplying by the number of observations
produces a test statistic of 204, which rejects irrelevance of the instru-
ments with a p-value of .00 and handily clears their hurdle of two.

The GMM results are presented in columns 2 and 3 of table 5.
The two columns again correspond to whether the first or second
set of Engel curve estimates is incorporated in the instrument set.
The results, as can be seen, are not sensitive to this choice. The esti-
mate of y — 1 from the TFP equation is .185 (standard error .055)
for the first instrument set and .206 (standard error .057) for the
second. These estimates are not much below the SUR estimate of
.23. These TFP results constitute a rejection of the baseline model
with constant returns and constant utilization (p-value .00).

The increasing returns model predicts that, to the extent that we
observe procyclical TFP growth in an industry, we should also see
countercyclical growth in prices, once we correct for movements in
an industry’s labor/ capital ratio by subtracting (1 — o)A In(n,/k,)
from price changes. This is not true, however, in the data. The esti-
mate of Y — 1 from the price equation is .185 (standard error .067)
for the first set of instruments and .15 (standard error .07) for the
second. These estimates are opposite in sign to the estimates based
on TFP and have approximately the same magnitude, actually sug-
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gesting decreasing returns to scale. We cannot, however, reject a
common value of y — 1 in the TFP and price equations of .17 using
either instrument set. Thus we do not formally reject the increasing
returns to scale model (pvalues .31 and .15 for the two instrument
sets).

The GMM estimates do reject, at standard significance levels, re-
turns to scale on the order of 1.3 or above. A related point is that
the estimates suggest that returns to scale are not sufficient to offset
short-run diminishing returns to labor. Relative expansions in cycli-
cal industries are associated with significant increases in their relative
prices. To illustrate this point we reestimated the relative price equa-
tion (19) without netting off the diminishing returns effect (1 —
o)A In(n,/k,). We find a substantial increase in industry relative
prices in response to increases in industry inputs predicted by our
instruments. For each predicted percentage increase in inputs, rela-
tive prices increase by 0.33 percent for the first set of instruments
and by 0.29 percent for the second set (both standard errors .05).

In modeling increasing returns to scale, we assumed integrated
factor markets supplying labor and materials across the consumer
industries. One might argue that the impact on prices of strong in-
creasing returns is masked by the increase in the relative industry
input prices for labor and materials as an industry expands. This
requires industry-specific factor markets for labor and materials. In
fact, input prices do vary substantially across industries cyclically,
with cyclicality defined by our instruments. When the first set of in-
struments is used, relative industry wages increase by 0.707 percent
(standard error .057) and materials prices by 0.529 percent (stan-
dard error .053) for each percentage increase in inputs predicted
by our instruments. When the second set of instruments is used, the
corresponding numbers are 0.681 percent (standard error .055) and
0.549 percent (standard error .055). The result that prices of materi-
als supplied to durables and luxuries increase in expansions is consis-
tent with Shea’s (1993) finding that industry prices predictably in-
crease in response to expansions in downstream industries. This
defense of increasing returns is somewhat problematic, however,
since it fails to explain why relative prices rise for more cyclical mate-
rials industries. Furthermore, regardless of whether marginal costs
rise because of diminishing returns or increased factor prices, this
provides a potentially stabilizing influence on fluctuations.

V. Conclusion

Consumer theory tells us that luxuries and durables should be more
cyclical than necessities and nondurables. We use these features to
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instrument for relative industry movements in inputs over the
business cycle. Armed with micro evidence on luxuriousness and
durability for 57 consumer goods, we use U.S. industry data to test
predictions of three distinct business cycle models: a standard con-
stant-returns-to-scale real business cycle model, a model with cyclical
utilization of capital, and a model with increasing returns.

We find the following. First, industry productivity is more procycli-
cal for industries producing goods that are durables or luxuries. This
finding is consistent with (unmeasured) cyclical utilization and with
increasing returns. Second, industry prices are also more procyclical
for industries that produce luxuries and durables. The pricing be-
havior favors models with cyclical utilization and is not consistent
with models built on substantial increasing returns.
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