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Seasonal Cycles, Business Cycles, and the
Comovement of Inventory Investment and Output

The importance of inventory investment in the business cycle is well known. Its role in
the seasonal cycle is less well known. We examine the variation of inventory invest-
ment and its comovement with output over the seasonal and business cycles. We mea-
sure the deterministic and stochastic seasonal components of monthly disaggregated
inventory data and find seasonality contributes about 75 percent of the total variance,
similar to the proportion found in GDP. We find that inventory investment and output
exhibit high correlation, with similar magnitudes, at seasonal and business cycle fre-
quencies. These findings are consistent with the idea that seasonal cycles and business
cycles are propagated through similar mechanisms and suggest that inventory invest-
ment may play as important a role in the seasonal cycle as it does in the business cycle.

INVENTORY INVESTMENT PLAYS A MAJOR ROLE in the evolu-
tion of the business cycle. Indeed, Blinder and Maccini (1991) estimate that declines
in inventory investment account for 87 percent of the decline in GNP during postwar
recessions.! Less often discussed is inventory’s seasonal variation. The seasonality of
inventory investment in the manufacturing sector, however, is readily apparent in
Figure 1.

Recent research shows that the bulk of the variation in most macroeconomic quan-
tity series is seasonal (Barsky and Miron 1989). This research also shows that, in
many respects, comovements of macroeconomic variables over the business cycle are
mirrored in comovements over the seasonal cycle. The similarity in comovements
suggests similar mechanisms may drive both seasonal and business cycles.? If so, in-
formation contained in seasonal cycles provides additional facts that can be used to
build or test macro models (Beaulieu, Mackie-Mason, and Miron 1992; Chatterjee
and Ravikumar 1992; Braun and Evans 1995; Cecchetti and Kashyap 1995; Cecchet-
ti, Kashyap, and Wilcox, 1997).
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1. Inventories have strong predictive power for output fluctuations. Regean and Sheehan (1985) find
about one-half of the total thirty-six-month ahead forecast error variance of industrial production is ac-
counted for by inventory investment innovations. The role of inventories in the business cycle is frequently
used to motivate studies on firm behavior (Maccini and Rossana 1984).

2. For arecent review, see Miron (1994).
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Fi6. 1. Manufacturing Inventory Investment 1973.11-1993.04, Millions of 1987 dollars

A key feature of business cycle dynamics, however, has not yet been explored in
the seasonal cycle literature. Given the close comovement of inventory investment
and output over the business cycle, if seasonal cycles and business cycles are indeed
propagated by similar mechanisms, they should be highly correlated over the season-
al cycle as well. But to our knowledge no research has yet examined the relationship
between inventory investment and output over the seasonal cycle.

This paper makes two contributions to help fill this gap in the literature. First, we
measure the seasonality of monthly manufacturing inventory investment, disaggre-
gated to the two-digit level and by stage of processing. We use frequéncy domain
techniques to decompose the variance of inventory investment into its long-run, busi-
ness cycle, short-run, and seasonal frequency components. Second, we examine the
dynamic relationship between inventory investment and output over the seasonal cy-
cle. Sargent (1987, p. 282) states, “the business cycle is the phenomenon of a number
of important economic aggregates . . . being characterized by high pairwise coher-
ences at the low business cycle frequencies . . .” We extend this definition of business
cycles to seasonal cycles and estimate the coherence of inventory investment and the
change in output. This technique enables us to examine the dynamic relationship be-
tween inventory investment and ouptut at all frequencies simultaneously.3 As a result,

3. Baxter and King (1995) and King and Watson (1996) discuss the advantages of using spectral analy-
sis in macroeconomics.
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we can examine whether the comovements between inventory investment and output
over the business cycle also exist over the seasonal cycle.

We find that seasonal variation accounts for 75 percent of the total variation of in-
ventory investment, suggesting a much greater role for seasonality in inventory in-
vestment than previously reported. For example, Barsky and Miron (1989) use
quarterly data from the National Income and Product Accounts (NIPA) and report that
seasonality accounts for only 38 percent of inventory investment’s variance, among
the least seasonal of the components of GNP.

There are two main reasons we find a greater role for seasonality in inventory in-
vestment. First, we estimate the share of the variation contributed by both determinis-
tic and stochastic seasonality and find both are important. Second, since NIPA
inventory data are quarterly, they understate the actual proportion of seasonal varia-
tion. We find that seasonal frequency components undetectable with quarterly data
contribute substantially to overall seasonal variation (about 30-50 percent of the to-
tal). By accounting for stochastic seasonality and using monthly data our estimates of
seasonality in inventory investment are almost double those previously reported.*

When we examine the comovements of inventory investment and output, we find
the squared coherence (the frequency domain analog of a correlation coefficient) is
statistically significant and almost always large at all seasonal frequencies (0.67 on
average). Furthermore, the magnitude of these correlations are similar to those at
business cycle frequencies (0.74 on average). These results are robust across sectors,
industries, and stages of processing.

Overall, our results are consistent with the idea that seasonal cycles and business
cycles might be propagated through similar mechanisms. We find that inventory in-
vestment may be approximately as seasonal as the other quantity components of GNP,
especially output (Barsky and Miron 1989). This finding, however, does not rule out
the possibility that the seasonal variation of the other components of GDP might also
be enhanced if they were measured monthly. Moreover, we show the close comove-
ment of inventory investment and output at business cycle frequencies also exists over
the seasonal cycle, suggesting inventories may be as important for the seasonal cycle
in output as they are for the business cycle.

The paper is organized as follows: Section 1 describes the data. Section 2 dis-
cusses methodology. The empirical results are contained in sections 3 and 4. Section
5 concludes.

1. DATA

We use inventory data obtained from the Bureau of Economic Analysis (BEA). The
data set contains real, seasonally adjusted monthly inventory stock series for manu-
facturing firms, disaggregated to the two-digit SIC level and by stage of processing.
We examine the period 1973.11-1993.04.

4. See Carpenter, Fazzari, and Petersen (1994) for a discussion of the importance of using high-frequency
data to study inventory investment at the firm level.
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We use the Bureau of the Census’ M3 tape to construct seasonal factors and rein-
troduce seasonal variation into the BEA data (Reagan and Sheehan 1985; West 1986;
Miron and Zeldes 1988). This tape contains nominal inventory data, both seasonally
adjusted and unadjusted, by stage of processing, at the two-digit SIC level.> We cal-
culate seasonal factors as the ratio of the unadjusted to adjusted stocks. The product of
these factors and the real seasonally adjusted series yields the real unadjusted series.®
We construct the inventory investment series by differencing the stock. Output is the
sum of shipments and the change in finished goods inventories. We follow West
(1983) to place inventories and shipments in comparable units.

2. METHODOLOGY

To decompose the variance of inventory investment into its frequency components
we estimate the spectral density function, f(wj), where . = jn/m, j=0,1,2,...,m,
and m is the number of ordinates.” We divide the frequency interval into bands, defin-
ing the interval 0.065 = o = 0.174 (36-96 month cycles) as the business cycle fre-
quency band. Lower frequencies (® < 0.065) correspond to the long run, and higher
frequencies (w > 0.174) to the short run.®

We follow the frequency domain literature to specify seasonal frequency compo-
nents and their bands within the short-run frequency interval.® We assume inventory
investment is a stochastic process with stochastic, but stationary, seasonality.!® We
specify the exact seasonal frequencies as o k, where o = 27/12 for monthly data, and
k=1,2,...6. These frequencies correspond to cycles of 12, 6, 4, 3, 2.4, and 2
months. Seasonal frequency bands are the exact seasonal frequencies with their
neighborhoods,

00 ={win(ok -8, wk+3d),k=12,...,5 (06— 3, )}, where § = n/24

5. Reagan and Sheehan (1985) report that calendar effects for the inventory data we use are negligible.

6. This procedure implicitly assumes the seasonality of the inventory price deflators is small (Reagan
and Sheehan 1985; Miron and Zeldes 1988). As a rough check of this assumption, we examined the sea-
sonal patterns of the intermediate materials price indices for the manufacturing, durable, and nondurable
sectors. Seasonal variation accounts for less than 6 percent of the total variance of these series. Miron and
Zeldes (1988) report similar findings.

7. The spectrum of the series y, is defined as fy (©) = (1/2n)2°jmy(1:)e"'"", —n =< ® =< &, where o is the
frequency measured in cycles per period (in radians), and y(z) is the autocovariance function. But y(t) =
fn fy (w)e*dw which, after setting T = 0, implies that y(0) = oi = I T n fy(m)dm, that is, the integral of the
spectrum equals the total variance of the series. (The covariance between spectral estimates at different fre-
quencies is zero.) We setm = 2‘/7, where n = 234,

8. Similar frequency bands are used by Levy (1994) and Levy and Chen (1994).

9. Hylleberg (1992, p. 4) describes seasonality as “the systematic, although not necessarily regular, intra-
year movement caused by the changes of the weather, the calendar, and timing of decisions, directly or
indirectly through the production and consumption decisions made by the agents of the economy.”

10. We assume the data-generating process can be written as ¢(B)x, = €, where €, is ani.i.d. disturbance
and all roots of ¢(B) = 0 lie outside the unit circle, but where some are complex pairs with seasonal period-
icities. Hylleberg et al. (1990) show the spectrum of such a process is given by fw) = 6%/|¢(e'®)|?, which
will have peaks at some or all seasonal frequencies (Barsky and Miron 1989; Bryan and Cecchetti 1995).



ROBERT E. CARPENTER AND DANIELLEVY : 335

(Sims 1974). Seasonal frequency bands consist of all frequencies within § of the exact
seasonal frequencies.

The point estimates of the spectrum at the exact seasonal frequencies measure the
deterministic seasonal component of a time series (that is, when 8 = 0) and their sum
is equivalent to the proportion of the variation explained by monthly seasonal dum-
mies. Positive values of 8 capture the stochastic (but stationary) component of the sea-
sonal variation (Granger 1978).

There are important differences between the deterministic and stochastic compo-
nents of seasonality (Granger 1978; Hylleberg et al. 1990). Deterministic seasonality
is nonstochastic, does not vary from year to year, and is perfectly predictable. Sto-
chastic seasonality, in contrast, is not perfectly predictable. However, if the seasonal
process is stationary, past observations can be useful for prediction.!?

To examine the comovement of inventory investment and the change in output over
the seasonal and business cycles, we estimate their squared coherence. Squared co-
herence is similar to a correlation coefficient—the higher the coherence at frequency
, the more closely the two series are related at that frequency.

3. SEASONAL CYCLES AND BUSINESS CYCLES IN INVENTORY INVESTMENT

A concrete advantage of spectral analysis is that it enables us to identify the varia-
tion contributed by different frequency cemponents to the series’ total variance. The
influence of these components is readily apparent in Figures 2a, 2b, and 2c, which dis-
play estimated spectral densities for total inventory investment for total manufactur-
ing, and for the durable and nondurable sectors, respectively. The graphs provide a
detailed view of the distribution of spectral mass across the frequency bands. We
show two-standard deviation confidence intervals as dotted lines. The horizontal axis
shows the frequency measured in radians from O to © and the 27/ scale underneath it
indicates corresponding periodicity in months.

Figures 2a, 2b, and 2c exhibit several distinct features. First, a large portion of the
variance is concentrated within the seasonal frequency bands. Second, while the busi-
ness cycle variation (0.065 = o = (0.174) is statistically significant, it is small relative
to short-run variation (@ > 0.174). More importantly, the figures show each of the
seasonal frequency components contributes to overall seasonal variation. The large
amount of mass contained within the neighborhood of the exact seasonal frequencies
indicates the importance of stochastic seasonality.!?

Table 1 summarizes the estimated spectral density functions for total inventories
and each stage of processing in the nondurable and durable sectors, total manufactur-
ing, and eight key individual industries.'3 Each column shows the variance accounted

11. Many seasonal adjustment procedures assume stochastic seasonality (Abraham and Ledolter 1983).
Seasonality will be stochastic if it varies with the stage of the business cycle (Canova and Ghysels 1994;
Cecchetti, Kashyap, and Wilcox, 1997).

12. Random data measurement errors should spread variation uniformly throughout the short run.
Therefore, they are unlikely to drive our results.

13. We present estimates for fabricated metals, industrial machinery, electronics, transportation, food,
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FIG. 2b. Spectrum of Manufacturing Inventory Investment: Durable Goods Industries

for by a different frequency component: long-run (LR), business cycle (BC), short-
run (SR), seasonal (SEAS), and deterministic seasonal (DET. SEAS).

Our results can be summarized succinctly. The total variation of inventory invest-
ment is dominated by short-run cycles. Moreover, the bulk of the short-run variation

printing, chemicals, and petroleum. These industries are large in terms of the inventories they hold, and
have the largest weights in the industrial production index.
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FIG. 2¢c. Spectrum of Manufacturing Inventory Investment: Nondurable Goods Industries

derives from seasonal fluctuations, and a substantial proportion of the seasonal varia-
tion is accounted for by the stochastic component. In contrast, variation at business
cycle frequencies is extremely small.!# These facts are true whether one looks at in-
ventory investment by stage of processing or at total inventory investment, and is true
for all industries and sectors.

3.1 Short-run Cycles and Business Cycles

Table 1 expresses the variance in each frequency band as a percentage of total vari-
ance. For the total manufacturing sector, less than 5 percent of the variation of total in-
ventory investment can be accounted for by the business cycle component. For
nondurable industries, this proportion is less than 2 percent. Although there is a larger
business cycle component in the durable goods sector, it is still only 6.4 percent of the
total variance.

In contrast, over 90 percent of the total variation of inventory investment in the
manufacturing sector is accounted for by short-run variation. The minimum contribu-
tion of the short-run variation of total inventory investment to its total variance is ap-
proximately 88 percent in the durables sector. The results are similar for each of the
four individual durable industries. In the nondurables sector (as well as in the four in-
dividual nondurable industries) short-run variation accounts for over 95 percent of the
total.

Examining inventory investment disaggregated by stage of fabrication shows that
about 90 percent or more of the series’ variance, for all stages of processing in each in-

14. The long-run component accounts for only about 6 percent of the variation of inventory investment.
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dustry and sector is contained in the short-run frequency band. These findings indicate
that while inventory investment plays an important propagating role in the business cy-
cle, the largest share of its variation is determined by short-run frequency components.

3.2 Seasonal Cycles

The SEAS column in Table 1 reports the combined contribution of the determinis-
tic and stochastic seasonal frequency components to total series variation. Our esti-
mates indicate these seasonal factors account for approximately three-quarters of the
variation of total manufacturing sector inventory investment. Examining the results
by stage of processing, it appears that seasonality plays a slightly more important role
in finished goods.

The seasonal frequency components’ contribution to the total variance is slightly
higher for nondurables, where seasonal variation accounts for 76 percent of total vari-
ance. For durables, seasonal variation accounts for 72 percent of the total. For the four
durable sector industries we present, seasonal variation accounts for roughly two-
thirds of total variation. For the individual nondurables industries, the seasonal varia-
tion accounts for three-quarters or more of total variation for each stage of processing,
with the exception of the petroleum industry, where it accounts for 62 percent of the
total.!’

To assess the relative importance of stochastic and deterministic seasonality, we re-
port estimates of the deterministic seasonal component in the DET. SEAS column of
Table 1. The sum of the heights of the spectrum at the exact seasonal frequencies rep-
resents the deterministic seasonal component, which is equivalent to the R? of a re-
gression of the inventory investment series on seasonal dummies. The DET. SEAS
column contains those R? values. We emphasize that monthly dummies do not corre-
spond to the twelve-month seasonal component of the spectrum. When dummy vari-
ables are used to measure seasonality, they include the influence of each frequency,
giving all components equal weights. For example, a seasonal dummy will include the
influence of the twelve-month cycle, as well as the six-month and quarterly cycles that -
terminate in that month. The advantage of spectral analysis is its ability to separate
precisely these different seasonal components.

We find that the deterministic seasonal variation of inventory investment accounts
for more than one-third of the total variance for nondurables and about one-half for
durables.'¢ The differences between the estimates of deterministic seasonal variation
(DET. SEAS) and estimates of the total seasonal component (SEAS) is equivalent to
the stochastic seasonal component, and we find that this component is often quite
large. For the durables industries, stochastic seasonality is one-third the size of the de-
terministic and stochastic components combined. For the nondurables industries, sto-
chastic seasonal variation is roughly half of the combined components.

Table 2 contains a breakdown of the proportion of total seasonal variation con-
tained in each of the six seasonal frequency bands. Our results show that all seasonal

15. The results for the remaining twelve industries also indicate a high degree of seasonal variability.
16. The large interindustry variation shows the importance of using disaggregated data.
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frequency components contribute to seasonal fluctuations of inventory investment.
For the nondurable, durable, and total manufacturing sectors, the twelve-month and
three-month seasonal components contribute the largest proportion of seasonal varia-
tion to the data (with the exception of work in process inventories, where the influence
of the six-month cycle exceeds that of the twelve-month).

The three-month component alone contributes from more than 40 to nearly 50 per-
cent of the total seasonal variation in total inventories for each sector aggregate. These
results show that seasonal variation undetectable with quarterly data is a quantitative-
ly important source of seasonality.!” The twelve-month band contains between one-
fourth and one-third of the total seasonal variation. These two seasonal frequency
bands tend to contribute the largest proportion of the seasonal variation for raw mate-
rials and finished goods inventories. The six-month seasonal frequency component
contributes a large proportion of seasonal variation for raw materials and work in
process inventories.

Overall, our results indicate that while deterministic seasonality is important, sto-
chastic seasonal variation is also a first-order source of variation in the data. Account-
ing for both types of seasonality and using monthly data doubles the role for
seasonality in inventory investment relative to the quarterly NIPA data used by
Barsky and Miron (1989, Table 1), who found that seasonality accounted for only 38
percent of inventory investment’s total variance.

4. INVENTORY INVESTMENT-OUTPUT COMOVEMENTS

In the empirical macroeconomics literature business cycles are defined as the
common comovement of macroeconomic aggregates and output as captured by high
pairwise coherence at business cycle frequencies (Sargent 1987). We extend this def-
inition to the seasonal cycle by defining it as a high pairwise coherence of macroeco-
nomic variables and output at seasonal frequencies.!® By estimating the squared
coherence of inventory investment and the change in output over the entire frequency
band 0 < w < &, we can examine the comovement of these variables over both the sea-
sonal cycle and the business cycle.

We present the estimated coherences for the aggregate manufacturing industry and
for the durable and nondurable sectors in Figures 3a, 3b, and 3c, respectively. The ver-
tical axis represents the squared coherence. The horizontal dotted lines represent the
95 percent critical value for testing the null of zero coherence.

We find three main results. First, seasonal coherences are statistically significant
over the seasonal cycle. Second, these coherences are generally large. Lastly, the
magnitude of the coherences are similar in both the seasonal and business cycle fre-
quency bands.

17. Beaulieu and Miron (1989, p. 6) also suggest that the use of quarterly data may mask interesting fea-
tures of seasonal patterns that are observable in monthly data.

18. This notion of the seasonal cycle is also used by Barsky and Miron (1989).
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FiG. 3a. Coherence of Inventory Investment and Change in Output: All Manufacturing Industries

4.1 Seasonal Comovements

The most striking feature in each panel of Figure 3 is the high coherence of in-
ventory investment and the change in output over the seasonal cycle. Virtually all
coherences are statistically significant at the exact seasonal frequencies and their
neighborhoods. Furthermore, these seasonal coherences are large, indicating a close
relationship between inventory investment and output over the seasonal cycle.

Squared Coherence with 95% Critical Value
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FiG. 3b. Coherence of Inventory Investment and Change in Output: Durable Goods Industries
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F1G. 3c. Coherence of Inventory Investment and Change in Output: Nondurable Goods Industries

For total manufacturing (Figure 3a) the point estimates of the squared coherence at
the exact seasonal frequencies corresponding to 2-, 2.4- 3-, 4-, 6-, and 12-month cy-
cles are 0.64, 0.65, 0.89, 0.72, 0.75, and 0.33, respectively, with an average of 0.67.
The coherences at the frequency bands corresponding to the three- and six-month cy-
cles are particularly large, averaging 0.89 and 0.76.

For durables, Figure 3b, the point estimates of the coherence at the exact seasonal
frequencies are 0.69, 0.62, 0.90, 0.73, 0.83, and 0.58, with an average of 0.73. As in
the case of the total manufacturing industries, the comovement is particularly close at
the frequency bands corresponding to the three- and six-month cycles, where the co-
herence averages 0.90 and 0.83.

For nondurables, Figure 3c, we find somewhat smaller seasonal coherences. How-
ever, they still indicate close comovements over the seasonal cycle. The point esti-
mates of coherence at the exact seasonal frequencies are 0.49, 0.57, 0.82, 0.52, 0.33,
and 0.36, with an average of 0.52.

4.2 Comovement over the Seasonal Cycle and Business Cycle

An other important feature of Figures 3a, 3b, and 3c is the high coherence of inven-
tory investment and output at business cycle frequencies, averaging 0.74 for the ag-
gregate manufacturing industry. For a narrower portion of the band, corresponding to
a 3.5-4.5-year cycle, the coherence is even higher, averaging 0.82. These estimates
are consistent with the well-documented fact that inventories and output move to-
gether over the business cycle. The durables sector shows a comovement of inventory
investment and output that is somewhat more pronounced than nondurables. For
durables the business cycle squared coherence averages 0.77, and for nondurables,
0.47.
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Perhaps the most striking feature is the similarity in the magnitudes of the seasonal
and cyclical coherences. Specifically, the average squared coherence at the seasonal
and business cycle frequency bands are 0.74 and 0.67 for aggregate manufacturing,
0.77 and 0.73 for durables, and 0.47 and 0.52 for nondurables, respectively. All twen-
ty individual manufacturing industries exhibit similar patterns of comovements.

The general pattern which emerges from these results suggests the comovements of
inventory investment and output over the seasonal cycle are statistically significant
and strong. In addition, the seasonal comovements of inventory investment and out-
put are very similar in magnitude to their comovements over the business cycle. These
findings are consistent with the idea that similar mechanisms drive both seasonal cy-
cles and business cycles. More importantly, our results suggest that inventory invest-
ment may play as important a role in the fluctuations of output over the seasonal cycle
as it does over the business cycle.

5. CONCLUSION

This study makes two principal contributions. First, we show that approximately 90
percent of the total variance of inventory investment is short run. Seasonal fluctua-
tions are the dominant feature of the short run, accounting for approximately three-
quarters of short-run variation. Stochastic seasonality is an important component of
these seasonal fluctuations, accounting for between one-third and one-half of total
seasonal variance. Second, we show a close seasonal comovement of inventory in-
vestment and output that is remarkably similar to their well-known comovement over
the business cycle. The average squared coherence between inventory investment and
the change in output for the aggregate manufacturing sector is large and statistically
significant over both the seasonal cycle (0.67) and the business cycle (0.74). These
facts are robust across all manufacturing sectors, industries, and stages of processing
and reinforce arguments that seasonal cycles and business cycles are propagated
through similar mechanisms.!®

Macroeconomists of all persuasions stress the central role of inventories in the busi-
ness cycle. For example, Barro (1993, p. 220) states that “as a first approximation, ex-
plaining recessions amounts to explaining the sharp contractions in the investment
components.” Of the investment series he studies, inventories account for the largest
proportion of the decline in investment during recessions. Blinder states that “invento-
ry behavior can explain, indeed must explain, a lot of the business cycle” (Klamer 1983,
p. 157). Our results suggest their statements may be true for the seasonal cycle as well.

19. We performed a number of additional tests to examine the robustness of our results. We estimated
the spectrum of inventory investment scaled by seasonally adjusted manufacturing sector output and sea-
sonally adjusted own industry output to see whether changes in the size of the economy affected the re-
sults. We examined an alternative definition of output, defined as shipments plus work in process and
finished goods inventories. We repeated our analysis for the period 1959.01-1973.11 and the period
1959.01-1993.04. We examined each of the twenty individual manufacturing industries. Lastly, we used
different lag windows to smooth the estimated periodograms (Bartlett’s, Tukey’s, and Parzen’s). In each
case, our results are very similar to those we report. An appendix of these additional results is available
from the authors.
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