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This paper examines the role of inventories in the decline of production, trade,
and expenditures in the United States in the economic crisis of late 2008
and 2009. Empirically, the paper shows that international trade declined more
drastically than trade-weighted production or absorption and there was a
sizable inventory adjustment. This is most clearly evident for automobile, the
industry with the largest drop in trade. However, relative to the magnitude of
the U.S. downturn, these movements in trade are quite typical. The paper
develops a two-country general equilibrium model with endogenous inventory
holdings in response to frictions in domestic and foreign transactions costs.
With more severe frictions on international transactions, in a downturn, the
calibrated model shows a larger decline in output and an even larger decline
in international trade, relative to a more standard model without inventories.
The magnitudes of production, trade, and inventory responses are quantitati-
vely similar to those observed in the current and previous U.S. recessions.
[JEL E31, F12]

IMF Economic Review (2010) 58, 254–294. doi:10.1057/imfer.2010.10;

published online 28 September 2010

�George Alessandria is a Senior Economic Advisor and Economist, Research
Department, Federal Reserve Bank of Philadelphia; Joseph P. Kaboski is an Associate
Professor, Department of Economics, University of Notre Dame, Notre Dame; Virgiliu
Midrigan is an Assistant Professor, Economics Department, New York University. The
authors thank the editors, Pierre-Olivier Gourinchas and Ayhan Kose, two anonymous
referees, Robert Johnson, Thierry Mayer, Fabrizio Perri, Natalia Ramondo, and numerous
seminar participants for helpful comments. Jarcy Zee provided excellent research assistance.

IMF Economic Review
Vol. 58, No. 2
& 2010 International Monetary Fund

254



F rom August 2008 through April 2009, U.S. nonpetroleum real imports
and exports fell about 27 percent.1 This collapse in trade was massive,

substantially larger than the 15 percent drop in manufacturing industrial
production, as well as widespread, occurring on a global level. The cause and
nature of the drop in trade have become a key question for international
economists.

The answer to this question has important implications for the length of
recovery, optimal policy response, as well as for whether similar drops in
trade should be expected in future recessions or are unique to the particular
nature of this downturn. If the drop in trade is primarily a result of trade
financing drying up, a widespread hypothesis (ICC, 2008; Amiti and
Weinstein, 2009; Auboin, 2009; Chor and Manova, 2009; Dorsey, 2009;
Dougherty, 2009; Economist, 2009a), then it follows that the recovery would
be as persistent as the underlying shock, and so tightly linked to the financial
recovery and the return of trade credit. Looking forward, collapses in trade
should be unique to downturns stemming from the financial system.
Moreover, the disproportionate drop in trade would stem from an increase
in the relative cost/price of imported goods.

This paper explores the role of inventory adjustment in response to an
economic downturn, an explanation with strikingly different implications.
The mechanism is simple and well-known in the closed-economy literature
(see Ramey and West, 1999). As production is equal to sales plus inventory
investment, production is more volatile than sales whenever inventory
investment is procyclical. In an open economy, if inventories are particularly
important for goods traded internationally, imports and exports can be even
more volatile than both sales and production. The inventory explanation
would lead to a drop in trade that is steep but shorter-lived relative to
underlying shocks. That is, if inventories play an important role in the
downturn, once the inventory adjustment is over, trade should recover quite
rapidly. The drop in inventories should not be particular to a financial crisis
but would be robust to more general shocks causing economic downturns.
Finally, the economic costs of the volatility in trade would be less than those
implied in a model without inventories to smooth final output.

In the paper, we evaluate the inventory channel in the drop in U.S. trade,
both empirically and quantitatively, through the lens of an open economy
model. We make three points.

First, in documenting features of trade and inventory dynamics, we show
that the responsiveness of trade in the recent recession has not been unusual
when compared with other recessions. Thus, prima facie, it appears to be the
size rather than the nature of the shock that explains the large drop in trade.

1Including petroleum-based goods, which experienced very large terms-of-trade
movements along with a substantial shock to U.S. oil production from Hurricane Ike, over
this period, exports fell 27.5 percent and imports fell 22 percent.
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Second, both aggregate and disaggregate data show a strong role for
inventories that are quantitatively important, though again these movements
appear to be consistent with earlier episodes. Third, the cyclical features of
trade are well-accounted for in a model with inventories when trade frictions
are relatively more severe than domestic frictions.

We establish the first point that the trade decline is not unusual, by
comparing the aggregate dynamics of trade in the current recession with
those of the six most recent (that is, post-1970) recessions. The observed
decline in trade in the recent recession is large not only when compared with
economic activity but also when compared with the drop in either tradable
production or consumption. Specifically, the drop in trade is roughly four
times the drop in output, and 50 percent more than the drop in industrial
production or trade-weighted expenditures (that is, real sales) of tradable
goods.2 Most important, the recent recession does not seem unusual. During
the median recession, both exports and imports are about 50 percent more
volatile than tradable production or expenditure.

We use multiple sources of data to establish our second point: the
important role for inventories in past recessions. The aggregate data alone
indicate an important role for inventories in the most recent recession that
started in the fourth quarter of 2007 and deepened substantially in September
2008. Focusing on the period beginning in September 2008, when the collapse
in trade accelerated, we find that in the 12 months ending in August 2009,
real imports declined by $238 billion compared with the annualized level in
the three months ending in August 2008, and exports fell $202 billion. At the
same time, the stock of U.S. business inventories fell approximately $102
billion from the end of August 2008 to the end of August 2009. Thus, there is
a substantial adjustment of inventories that coincided with the collapse in
trade. From the end of August 2008 through end of April 2009, the
inventory-to-sales ratios rose 5 percent overall, 6 percent in (nonauto)
consumer goods and 19 percent in capital goods. Again, however, the current
recession does not appear unusual; the elasticity of the inventory-sales ratio is
quite close to the median over the past seven recessions. Finally, the quick
and stark recovery in trade since the trough in 2009:Q2 is consistent with a
role for inventories, given the short-run nature of inventory dynamics noted
above. Following the massive collapse in trade and reduction in inventory,
the recovery has been strong; by 2009:Q4, trade has recovered to levels
consistent with the levels of production, expenditure, and inventories.

Aggregate inventory numbers by themselves cannot establish a direct link
between inventory dynamics and international trade. To do this, we focus on
the auto industry, which is ideal for two reasons. One, it was the industry that
showed the largest drop in trade, and so it is a quantitatively important

2Real sales are a proxy for expenditures for U.S. production, and so without inventory
adjustment or a change in the relative price of foreign to domestic goods, a pure demand shock
for U.S. goods should move one-for-one with exports. Similarly, a simple shock to demand for
U.S. consumers should move imports one-for-one with real sales.
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industry that played a leading role in the collapse. Second, for the auto
industry we have data on foreign and domestic sales, orders, and inventories,
which enable a direct connection.

In these data, both imports and sales of foreign automobiles began
dropping in mid-2008, and the inventory-to-sales ratios rose roughly 45
percent over six months. Over the first three months of 2009, sales began to
recover somewhat, but imports continued to fall precipitously, while the
inventory-to-sales ratios adjusted downward by 40 percent. The fall in auto
imports began to level off only in the second quarter of 2009, after this
adjustment. Again, these dynamics do not appear to be peculiar to the recent
recession. We show similar dynamics in the U.S. auto market in the 1970s
and in Japan in its last four recessions.

Our third contribution is a model-based quantitative analysis of the
mechanism we propose: an economic shock, which raises inventory-to-sales
ratios above desired levels, causing a more precipitous drop in economic
activity, especially international trade. We embed the partial equilibrium
model of trade and inventory adjustment in Alessandria, Kaboski, and
Midrigan (2010a) (AKM, hereafter), into a two-country general equilibrium
model of international business cycles. Inventory holdings here are
microfounded in that distributors face fixed transaction costs of ordering,
shipping lags, and overall demand uncertainty.

We discipline the model using both aggregate and microdata on trade
and inventories. The model accounts for the relatively larger drop in imports
than production because the frictions are particularly large for importers,
leading them to hold a larger stock of inventories (relative to sales),
consistent with the data.3 We calibrate the frictions to match the aggregate
inventory-to-sales ratios, as well as the evidence on the lumpiness of
transactions and the relative importance of inventories for importers vs.
nonimporters.

We then perform several experiments to quantify the model’s predictions
for trade, inventory, and sales dynamics. First, we consider the dynamic
response of real variables in a global recession that arises from a
simultaneous increase in the cost of financing labor expenditures in both
countries. Our model with inventories shows a substantially deeper (37
percent larger) drop in trade relative to the drop in production. Inventory-to-
sales ratios increase substantially but then decline (and actually overshoot)
before stabilizing. Moreover, the magnitudes of responses are comparable to
those observed in the recent recession. Our results are robust to introducing
alternative disturbances that change the intertemporal cost of borrowing as
well as to other reasonable perturbations.

3AKM document the severity of these frictions and their relative importance for
importers. Their partial equilibrium model performs relatively well in explaining the
quantitatively large and short-lived drops in imports experienced in developing countries
(for example, Argentina, Brazil, Korea, Mexico, Thailand, and Russia) during recent financial
crises characterized by large devaluations.
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Our findings are related to several papers examining the trade collapse
and crisis of 2008–09 (see Baldwin, 2009, for a summary). Levchenko, Lewis,
and Tesar (2010) analyze the cyclical properties of U.S. trade and conclude
that the decline in trade was indeed unusually large in absolute terms. We
agree that the decline in trade was large but emphasize that relative to the
large decline in production, the decline in trade was not unusual. Indeed, as
Imbs (2010) points out, what is unusual is that the recession was both large
and synchronized across countries. Levchenko, Lewis, and Tesar (2010) also
examine trade dynamics at the sectoral level and find no relation between
inventory holdings of manufactures and the decline in trade, however. We
caution against concluding that inventories played a limited role, since
imported inventories can be held at many stages of production (for example,
manufacturers, wholesalers, or retailers), as other authors have noted
(for example, Ramey and West, 1999). Our study of motor vehicles is a
prime example, where U.S. retailers and wholesalers hold nearly four
times the inventory of manufacturers. Empirical work that controls for
these downstream inventories would be useful to evaluate this channel. In our
previous work, AKM, we found that following a large devaluation in
emerging markets, goods with high inventory experienced greater drops in
trade in the subsequent year.

Recent work also examines explanations that are different, though
perhaps complementary to the inventory mechanism. One potential
explanation is that the demand for tradables is more volatile than GDP
simply because its composition differs. That is, perhaps the high volatility
reflects the composition of tradables in general, regardless of whether they are
domestic- or foreign-sourced. Our paper shows that composition is indeed an
important part of the story but is nonetheless an incomplete explanation.
Trade-weighted expenditure, our proxy for demand, is substantially more
volatile than GDP, but still 50 percent less volatile than trade itself. Our
findings, which focus on the past seven recessions in the United States, are
consistent with those of Eaton and others (2009), who perform a detailed
analysis of data across countries using a multisector, multicountry model for
the most recent recession. They attribute the relatively large drop in trade to a
second potential explanation: trade costs increased. This is the natural
alternative in the static model of Eaton and others (2009), which lacks a
dynamic inventory mechanism, and indeed they impute how large the increase
in trade costs would need to be to explain the data.

Others have argued for particular channels that increased trade costs. As
discussed above, several authors have posited that trade costs have increased
because of the importance of finance and trade credit in international trade.
In this vein, Chor and Manova (2009) study the decline in U.S. imports at the
sector and country level; their regressions relate the fall in trade to credit
market indicators in the source country. Related, Amiti and Weinstein (2009)
use regression analyses on earlier data from the Japanese bank failures in
the 1990s to show that when banks become troubled, the exports of firms
that borrow fall disproportionately. In addition to higher financing costs,
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protectionist policies have also been mentioned as a potential source of
higher trade costs (Baldwin and Evenett, 2008; Economist 2009b). We note
that all of the trade cost explanations differ from our inventory mechanism in
one key way: the decline in real trade involves a substitution story that
requires an increase in the relative price of imported goods.

Several other studies examine the propagation of the crisis across
countries. Using an international input-output structure, Bems, Johnson, and
Yi (2010) examine the idea in Yi (2009) that international trade in
intermediate inputs contributed to the global propagation of the crisis, also
finding that the decline in trade was relatively large compared with the
decline in final absorption or production of traded goods. However, they also
find that very little of the U.S. downturn was propagated through trade to
the rest of the world. Finally, at a more macroeconomic level, Lane and
Milesi-Ferretti (2010) and Rose and Spiegel (2009) examine the link between
the severity of the crisis across countries and precrisis fundamentals.

The rest of the paper is organized as follows. The next section documents
the cyclical properties of trade and inventories in the United States with an
emphasis on the most recent crisis. Section II develops the model, while
Section III presents the calibration. In Section IV, we report the quantitative
results and Section V describes the sensitivity of the model. Section VI
concludes.

I. Empirics

This section documents two key features of trade flows. First, in downturns
trade tends to fall much more than measures of income, production, or
expenditure. That is, there is a relatively high income elasticity. The relatively
high volatility of trade is well-known (see Backus, Kehoe, and Kydland,
1992, for instance) and often attributed to the traded basket being comprised
primarily of durables (see Boileau, 1999, or Engel and Wang, 2007).
Although this is clearly part of the story, even when using final expenditures
on traded goods rather than income, we still find a relatively high elasticity of
trade. By these measures, we find that the reduction in trade in the current
recession is not unusual. Indeed, what is unusual is the magnitude of the U.S.
recession. Second, we provide evidence that there is an important role for
inventory holdings in downturns, particularly for trade dynamics. We show
that aggregate inventory dynamics in the current recession are also not
unusual. We focus further on autos because trade in autos fell the most in the
current recession, and, for autos, we can separately measure domestic sales of
imported autos and imports of autos. These data show substantial differences
between domestic sales of imported autos and auto imports that must be
filled by inventory holdings. The auto data suggest that the high elasticity of
trade may not reflect substantial variation in final purchase of imports, but
rather a substantial inventory adjustment. Finally, we discuss some evidence
that inventory holdings of goods sold overseas may exceed those of goods
sold at home.
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Trade Dynamics

We now describe the cyclical properties of trade (exports and imports) in the
United States. A key feature of trade flows is that they are more volatile than
production or absorption of traded goods.4

Table 1 presents key summary moments for U.S. business cycles for the
years 1967:Q1–2009:Q4, where the data have been HP filtered with a smoothing
parameter of 1600.5 We focus on this recent period, since the inventory series is
first available in 1967. In any case, trade is most relevant for this recent period.6

Trade is about 1.5 times more volatile than manufacturing industrial
production (measured by the ratio of standard deviations). Because income
(measured by GDP) is less volatile than industrial production, trade is even
more volatile relative to income, with roughly a relative volatility of 3.5 (1.49/
0.43¼ 3.47 for imports and 1.64/0.43¼ 3.81 for exports).

Given our emphasis on inventories, an equally relevant question is whether
trade is more volatile than expenditures on traded goods. In constructing a
measure of final expenditures on traded goods, it is important to realize that
the durable/nondurable composition of trade itself differs starkly from overall
output and also from typically tradable goods (that is, equipment, consumer
durables, and consumer nondurables). When constructing our measure of the
expenditures on traded goods, Yt

T, we therefore weight expenditures on
durables (investment in equipment, IEQ,t, and consumer durables, CD,t) plus
expenditures on consumer nondurables, CND,t appropriately:

YT
t ¼ a

IEQ;t þ CD;t

IEQ;0 þ CD;0

� �
þ 1� að Þ CND;t

CND;0
:

4A full description of the data can be found in the working paper version of this paper,
Alessandria, Kaboski, and Midrigan (2010b).

5Our results are robust to a variety of detrending methods and controlling for the
different composition of production and expenditure from trade (see our working paper).
Given the enormous increase in trade relative to production in the long run, we believe it is
necessary to detrend the data. An additional reason to detrend is that we can then more easily
compare trade dynamics in mild and major recessions.
To more concretely understand the necessity of detrending, suppose that trade growth can

be decomposed into a part due to the trend and a cyclical part, which is always gy times the
cyclical part of income. For simplicity assume that income has no trend, so that changes in
income, Dy, are purely cyclical. Thus, if income grows 1 percent, trade will grow gy
percentþ trend. Clearly, the elasticity of trade with respect to income is (gynDyþ trend)/
Dy¼ gyþ trend/Dy. For a decline, the trend term will counteract the cyclical term, but this
term is less important for larger declines. Thus, the elasticity on data that is not detrended will
appear larger, the larger the drop in income.

6The ratio of exports plus imports to GDP fluctuated between 4 and 6 percent from 1947
to 1967, but rose from 6 to over 20 percent between 1967 and 2009. Also changes in inventory
management have occurred recently, including movement to just-in-time management
principles. The increase in international trade has likely led to the increased importance of
inventories, while these practices may have reduced their quantitative importance. In
aggregate, the inventory/sales ratios have been relatively stable, rising from about 1.4 in the
late 1960s to above 1.5 in the 1980s before falling to 1.3 in the 2000s.
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Here the weight a is equal to the share of equipment and durables in
trade flows (approximately 0.70 and everything is measured relative to a base
year. Notice that while Yt

T is a measure of the absorption of traded goods,
it does not distinguish between domestic and foreign traded goods. Because
this measure of final expenditures for traded goods is slightly less volatile
than industrial production, trade is roughly 1.75 times (1.49/0.88¼ 1.69 for
imports and 1.64/0.88¼ 1.86 for exports) as volatile as corresponding final
expenditures.

Using the HP-filtered data, Figure 1 shows the drop in trade and our
measures of economic activity relative to trend for the most recent recession.
(The analogs to Figure 1 in the previous six recessions are available in
Alessandria, Kaboski and Midrigan 2010b). The dashed vertical line
indicates the beginning of the recession according to NBER dating, and we
normalize all series using the quarter prior to the recession. From the fourth
quarter of 2007 through the second quarter of 2009, output had fallen almost
5 percent relative to trend, while industrial production and traded goods
expenditures had fallen by about 13 percent. Still, the response in trade is
substantially larger, with exports and imports falling nearly 19 and 22
percent, respectively, relative to trend. The magnitude of these declines in
trade are thus in line with the cyclical movements from Table 1.

Still, across recessions, the timing of imports and exports does not
always line up with output or expenditures. To make the declines in trade
flows comparable across the diverse recessions, Table 2 reports the elasticity
of trade relative to each measure of absorption in the quarter of the peak
drop in trade (so that the peak drop in imports and exports may be in diff-
erent quarters). The top two panels report the import and export elasticity.
To take into account the fact that exports tend to rise after the start of
a recession, the bottom panel reports the peak to trough drop in exports.
Clearly, trade falls more than our measures of income, production, or absor-
ption across recessions.

Table 1. Summary Statistics on U.S. Business Cycles

Standard Deviation

(relative to IP)

Correlation

with IP

Correlation with

Expenditures Autocorrelation

Industrial

production (IP)

1.00 1.00 0.90 0.89

Exports 1.49 0.52 0.46 0.74

Imports 1.64 0.81 0.79 0.75

Expenditures (TW) 0.90 0.87 0.92 0.87

GDP 0.43 0.90 1.00 0.87

Inventory 0.52 0.67 0.63 0.91

IS ratio 0.64 �0.67 �0.65 0.81

Notes: Based on quarterly data from 1967:Q1 to 2009:Q4. Data are HP filtered with a
smoothing parameter of 1600.
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In terms of the elasticity of the import response, the recent recession does
not appear to be atypical. Although there is variation across recessions, the
most recent recession actually yields an import elasticity of 1.70, below the
median import demand elasticity of 2.38. With regard to exports, the decline
in exports relative to industrial production of 1.41 in the most recent
recession is also the median relative decline. The peak to trough drop in
exports relative to industrial production of 1.75 is only slightly larger than
the median drop of 1.53. Thus, in many respects the decline in trade does not
appear to be too unusual.

Although our focus is on the downturn, the cyclical properties in Table 1
suggest robust recoveries in trade as well. To date, the current recovery in
trade seems consistent with this behavior. In the last two quarters of 2009,
imports and exports rose almost 12 percentage points, while industrial
production and expenditures on traded goods rose less than 5 percent. Thus,
the sudden, relatively large drop in trade does not appear to be very
persistent. Moreover, the recovery in trade has occurred even though
economic activity itself has not yet fully recovered. Production, sales,
inventory, and trade are all about 8 to 10 percent below their prerecession
levels (relative to trend).

Inventory Response

We now return to the previous figures and tables to consider the comovement
of inventory holdings and trade flows. As is well known, the inventory-to-sales

Figure 1. Log Deviations from Trend in the Recent Recession
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ratio is strongly countercyclical (the correlation with industrial production
is �0.67 in Table 1). The bottom panel of Table 2 shows that the response of
the inventory-to-sales ratio is not atypical in this recession. Across the seven
most recent recessions, the median log change in the inventory-to-sales ratio
relative to industrial production is �0.56, while that in the most recent
recession is a slightly lower �0.49. With only seven recessions, it is difficult to
discern a change in the cyclical properties of inventories over the cycle.

The peak in the inventory-to-sales ratio tends to precede the peak decline
in imports or exports, however. In Figure 1, we see that the inventory-to-sales
ratio rises at the aggregate level and peaks in the first quarter of 2009, prior to
the peak decline in imports or exports. This pattern occurs in all the
recessions we consider, except for the 1990 recession when the peak increase
in inventory and declines in trade occurred in the same quarter.

One might be concerned that the nearly 6 percent increase in the
inventory-to-sales ratio from Figure 1 is too small relative to the declines in
trade to account for much of the relatively large fall in trade. This is not the
case, since business inventories, a stock, are approximately equal to 10
months of imports, a flow, at the August 2008 rate of imports. Indeed, using
monthly data, we find that the stock of business inventory in the United

Table 2. Peak Drop in Trade Relative to Absorption

Imports

Median 1971:Q1 1975:Q2 1980:Q3 1982:Q4 1991:Q1 2001:Q4 2009:Q2

Y 4.67 4.67 4.63 5.21 2.38 2.59 6.00 4.81
IP 1.64 1.15 1.64 2.41 1.18 1.54 1.97 1.66
Expenditures 2.38 2.43 2.38 2.80 2.36 1.54 5.61 1.70

Exports

Median 1971:Q2 1975:Q2 1980:Q4 1982:Q4 1990:Q4 2002:Q1 2009:Q2

Y 2.54 2.54 1.51 0.22 3.52 1.80 7.04 4.10
IP 1.41 0.69 0.54 0.15 1.74 1.53 2.25 1.41
Expenditures 1.45 1.54 0.78 0.09 3.48 1.39 3.35 1.45

Exports (peak to trough)

Median 1971:Q2 1975:Q2 1980:Q4 1982:Q4 1990:Q4 2002:Q1 2009:Q2

Y 3.33 3.33 2.43 1.61 3.52 1.80 7.04 5.09
IP 1.53 0.90 0.86 1.05 1.74 1.53 2.25 1.75
Expenditures 1.80 2.02 1.25 0.64 3.48 1.39 3.35 1.80

Inventory-sales ratio

IP �0.56 �0.40 �0.77 �1.15 �0.56 �0.77 �0.13 �0.49

Notes: Measured from start of recession based on the NBER dates. The third panel measures
the difference in exports between the peak and trough, where the peak is the start of the recession if
exports fall immediately. All data are HP filtered with a smoothing parameter of 1600, and so the
drop is measured relative to the trend.
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States fell approximately $100 billion from the end of August 2008 to the end
of August 2009 while the cumulative drop in imports of goods over this
period, relative to the average rate from June to August 2008, was $238
billion and for exports the drop was $202 billion.7 Thus, potentially the
inventory adjustment may account for nearly 40 percent of the decline in
imports. Of course, inventory of both domestic and foreign inputs fell
over this period suggesting perhaps a smaller role for inventories. However,
without data that separate inventory holdings of imported goods from
domestic goods as well as sales of domestic and imported goods, it is
challenging to evaluate the inventory mechanism fully. Our subsequent
empirical analysis of autos and our model-based quantitative analysis
overcome this challenge.

Disaggregated Inventory Dynamics

Although we see large increases in inventories that appear to lead the drop in
trade and suggest that part of the drop in trade reflects an inventory
adjustment, we cannot say precisely whether the drop in trade reflects a drop
in final sales of imported goods or an adjustment in the inventory of
imported goods, since most industries do not report sales and inventory data
separately for domestic and foreign goods. To understand the connection
between inventory holdings and international trade, we focus on the auto
industry. A key advantage of the auto industry is that there are direct
measures of domestic sales of imported autos and imports of autos. There are
also some measures of foreign and domestic inventory held by retailers from
Ward’s Automotive. Moreover, autos are an important traded good
(accounting for 10.8 and 17.8 percent of U.S. nonpetroleum exports and
imports, respectively, from 1999 to 2008).

Another key reason to study the auto industry, beyond the availability of
data, is that this industry had the largest and most immediate decline in trade
in this recession. From Figure 2, which plots monthly real exports and
imports by end-use category relative to their August 2008 levels, we see that
imports and exports of motor vehicles and parts from December 2008 had
fallen twice as much as total trade flows and no other end-use category had
fallen close to as much. Given the strength and immediacy of the collapse in
auto trade, we believe that any explanation of the trade collapse must be able
to explain autos to have a chance of explaining the aggregates more
generally.

Figure 3 plots monthly U.S. sales, imports, inventory (measured in units),
and the inventory-to-sales ratio of autos produced outside North America in
the current recession through February 2010. Here we plot log changes from

7Comparing the 12 months ending in August, in 2008/9, exports fell about $146 billion
and imports fell $278 billion. Constructing a measure of the drop in inventory holdings in the
rest of the world is challenging, but there is clear evidence of inventory disinvestment in other
countries in this period as well.
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the average level in the second quarter of 2008. As with the aggregate trade
data, imports fall substantially more than domestic absorption of imported
autos and there is a substantial inventory adjustment. At its worst—the drop
in trade in the seven months, February to August 2009—real imports had
dropped 77 log points, while sales had only fallen 30 log points, relative to
2008:Q2. Thus, for imported cars, the drop in trade over this seven-month
period was over 2.5 times the drop in sales.

This period of low trade was necessary to bring inventory levels more
in line with sales. Leading up to the collapse in auto imports, the inventory
of foreign autos had risen about 12 percent even as sales had fallen over

Figure 2. (a) U.S. Real Imports (SA, $2005); (b) U.S. Real Exports (SA, $2005)
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33 percent; hence, the inventory-to-sales ratio increased substantially,
roughly 45 log points at its peak. The massive collapse in auto imports
starting in January 2009 was necessary to bring inventory holdings in line
with lower sales levels. The slight rebound in sales of imported autos starting
in December 2008, just prior to the collapse in imports, is consistent with the
presence of excess inventories: importers reduced inventory by both
increasing sales and reducing imports. By September 2009, inventory levels
had fallen more in line with sales, and thus, imports and sales are quite
similar from September 2009 to January 2010.

In sum, the automobile data provide very strong evidence for a high
elasticity of imports relative to absorption, since these data are unlikely to
suffer from a compositional mismatch between our measure of imports and
absorption.8 They also point to an important role for inventory
considerations in trade dynamics.

These inventory dynamics in the auto industry are not peculiar to the
recent recession but have also occurred in other periods with large trade
swings. Figure 4 plots the dynamics of imports, sales, and inventory
holdings9 of foreign autos in the United States using quarterly data from
1972 to 1977 and provides clear evidence of a gap between imports and final

Figure 3. Dynamics of Imported Autos
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8These import and sales dynamics are similar across the three major non-North American
source countries of U.S. automobiles, Germany, Japan, and Korea.

9We do not have data on inventory holdings of foreign autos in this period, but instead
construct them using the law of motion for inventory INVt

M¼ INVt�1
M þMt�St

M, where INVt
M

denotes real inventory holdings of imported goods at the end of period t, Mt denotes real
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sales of imported goods that is filled by inventory holdings. In particular, this
period was marked by a collapse of imports of nearly 40 log points in two
quarters (from third quarter of 1974 to the first quarter of 1975) that followed
a substantial inventory accumulation of 35 log points (from the first to the
third quarter of 1974). It also was marked by a robust rebound in imports
and inventory holdings that preceded a boom in final sales of imported autos.

Although autos provide a clean guide to the connection between
inventory and trade flows, a similar connection may hold for consumer
and capital goods. As with autos and the aggregates, within these narrow
categories imports have fallen more than final expenditures (29 percent vs. 18
percent for capital goods at the trough in April 2009, and 13 percent vs. 5
percent for consumer goods through April 2009) and have been associated
with an increase in inventory-to-sales ratios (peaking up 19 percent for
capital goods and up 6 percent for consumer goods).

Finally, inventory and trade dynamics are not particular to the United
States but are also evident in the aggregate in Japan. Figure 5 plots the
manufacturing inventory-to-sales ratio, industrial production, and import
and export dynamics in the four downturns in Japan since 1990: the 2007 to
2009 downturn, the 2001 recession, the East Asian Crisis (1997 to 1999), and
the 1991 downturn. For each period, we plot time zero as the peak in
industrial production. Much as for the United States, these four downturns
are associated with substantial increases in inventory levels relative to sales
and substantial declines in trade flows and production. Unlike in the United

Figure 4. Dynamics of Imported Autos (1970s)
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Figure 5. Aggregate Dynamics in Japanese Downturns
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States, the declines in trade flows tend to be steeper for exports than imports
(in three of the four periods) and exports tend to fall more than production
while imports fall less. Although not our main focus, these steeper declines in
exports may reflect greater downstream inventory of Japanese goods (such as
autos destined for the U.S. market) or may reflect a higher weight on
durables in exports than imports.

Asymmetries in Transaction Costs and Inventory

The auto industry provides clear evidence that inventory considerations
contributed to the relatively large decline in imports relative to sales of
imported autos. Indeed, from the closed economy literature, it is well known
that inventory considerations can generate production that is more volatile
than sales (Ramey and West, 1999 and Khan and Thomas 2007a, b).
However, for inventories to explain the observed disproportionate fall in
imports (relative to domestic production), inventory considerations for
foreign goods must not only be present, but they must be stronger than those
for domestically sourced goods. Here we discuss some evidence that this is
indeed so: the inventories of traded goods exceed those of domestically
produced goods destined for domestic sale. The discussion focuses on
evidence from three sources: the U.S. auto industry, U.S. industries more
generally, and firm-level evidence from our previous work on the topic
(AKM, 2010a).

We first clarify how inventories should be measured in light of the theory
we develop below. In our stylized model, only retailers hold inventories, and
retailers of imported goods will endogenously have higher inventory-to-sales
ratios. Nevertheless, in the data, wholesalers and manufacturers also hold
inventories (of intermediate and final goods), and the mechanism we present
is indifferent to the stage in the distribution chain at which inventories are
held. For our purposes, a good should be included in foreign inventory
from the time it is shipped out of the factory gate10 to the foreign market.11

From a measurement standpoint, these inventories could be held by the
manufacturer, in which case it would mean that firms that export should hold
more inventory, or they could be held by the wholesaler/retailer, in which
case it would mean that firms that import should hold more inventory.

10Indeed, it could actually be sooner than this. For instance, consider a car manufactured
in Japan that is produced exclusively and irreversibly for the U.S. market. The inventory of
these cars in the factory should also be included in our measures of foreign inventory.

11Consider a transaction between a plant in China and a customer in the United States
that takes 12 weeks from factory door to factory door. If the shipment is purchased at the
Chinese factory, it will immediately enter into the U.S. plant’s inventory. On the other hand, if
the shipment is sold on delivery, then it will remain in the Chinese plant’s inventory for the 12-
week voyage. Thus, the delays in shipping by themselves could affect the inventory holdings of
both an importer and an exporter. Similarly, if the exporter is trying to economize on
international transactions costs, it has an incentive to build up a stock of inventory before
shipping overseas.
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To operationalize a comparison of imported and domestically sourced
inventories, we start with Ward’s data on inventories at the retail level.
However, the issues above are particularly relevant for autos, since
distribution channels are quite different for foreign and domestic cars.
While domestic autos are shipped directly to retailers, imported autos are
primarily shipped to wholesalers and then on to retailers.12 Indeed, there is
also evidence that imported inventory at wholesalers reached record highs
during the crisis, leading importers to find extra storage space at the docks,
on rail cars, and even boats.13,14 We use BEA data on inventories at the
wholesaler and manufacturer level to construct total inventory-to-sales ratios
for imported ð eISM

t Þ and domestic cars ð eISD
tt Þ as follow:

ð eISM
t Þ ¼

Wholesale InventoryþRetail Inventory of ImportedAutos

Retail Sales of ImportedAutos
;

ð eISD
t Þ ¼

Manufacturers0 InventoryþRetail Inventory ofDomesticAutos

Retail Sales ofDomesticAutos
:

A caveat with the formulas above is that they are based on an implicit
assumption that all manufacturers’ inventories are for the domestic market
and all wholesalers’ inventories are imported cars. The relative direction of
these biases is unclear. Although we cannot definitively quantify the different
inventory holdings without more micro data, these imperfect adjustments
measures are preferred to the Ward’s retail data, which miss out entirely on
wholesalers’ and manufacturers’ inventory.

Figure 6 plots the time series of both the raw Ward’s retail data for
imports and domestic autos (denoted “Wards”), our adjusted measures
(denoted “BEA/Wards”), and a measure for the U.S. auto industry overall
(denoted “U.S. Autos (BEA)”). Comparing the adjusted and unadjusted
measures clearly shows that a focus on the retail measures (Wards) alone
substantially understates the stock of autos overall. The retail and overall
measures also tell starkly different stories in terms of relative inventories. The
retail data suggest that importers hold less inventory than sellers of domestic
autos, and our adjusted series suggest that the inventory of imported cars is
about 1.5 months larger than that of domestic cars.

12Dunn and Vine (2006) study separately the inventory levels of dealers of imported and
domestic autos. They find that once you control for the different nature of dealer networks
and composition of sales that the inventory-sales ratios are about the same domestic and
imported autos.

13A number of articles point to the problems that importers of cars faced in storing the
cars that had been shipped. In one case, Toyota rented a ship in the port of Malmo, Sweden to
store 2,500 unsold autos when its logistic center reached its limit of 12,000 autos (Wright,
2009).

14More evidence of the importance of wholesale inventories of imported autos is that
from the retail inventory data the imputed drop in imported cars at the peak is larger than the
actual decline in imports, implying a rise in wholesale inventories consistent with the above
behavior.
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Beyond the auto industry, there is other evidence that inventories are
more important for imported and exported goods more generally. The data
we use are 3-digit SIC manufacturing level from the period 1989 to 2001. We
estimate the relationship between inventory holdings, exports, and imported
inputs as

IMit ¼ cþ a0 EXSit þ a1MMit þ eit;

where our variables are defined as IMit¼ inventory (eop)it/material costsit;
EXSit¼ exportsit/(importsitþ salesit); MMit¼ importsit/(importsitþmaterial
costsit).

Because we lack data on direct exports or imports of inputs, we adjust
our measures of the export share and import content to ensure these shares
are less than one. To compensate for re-exports in some industries, our proxy
of the amount being exported, EXSit, is equal to the amount of goods in
industry i available to export in period t. Likewise, since in some industries
domestic production is small relative to imports, for our measure of the
import content of inputs, MMit, we measure this as share of material costs
plus imports. In total, these adjustments lower the median import and export
shares by a few percentage points.

The first column of Table 3 shows that U.S. industries more involved
with trade (both on the export and import side) tend to hold more inventory.
Interpreting these results, we note that an industry that imports 100 percent
of inputs and exports 100 percent of output would hold almost three times

Figure 6. Inventory Measures by Source
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the inventory of an industry that used only domestic inputs and sold only
domestically.

One might be concerned that our findings for the U.S. industries do not
reflect micro level behavior but instead reflect some sort of aggregation bias
of heterogeneous producers. Perhaps big plants hold more inventory than
small plants and are also more likely to import and export.

Unfortunately, we do not have plant-level data for the United States.
However, in AKM, we examined plant-level data in Chile and found that
plants involved in trade hold more inventory, even after controlling for
industry. Here we use these data to examine whether the aggregation bias
drives the results in our plant-level data from Chile. In the second column of
Table 3, we present the results of a similar industry-level regression using a
panel of Chilean plants aggregated to the three-digit industry level from 1990
to 2001. Here we see a smaller coefficient on imports and a negative
coefficient on exports. Finally, in the third column we reproduce our
regression results on the individual plant-level data. For Chile, we see that the
coefficients at the plant level are substantially larger than at the industry
level, suggesting that if the aggregation bias in Chile is similar to the United
States, then our U.S. industry measures may understate how trade affects
inventory holdings.

One might be concerned that our estimates of the inventory premiums on
trade are larger for U.S. industries than Chilean industries. Obviously
without plant-level data it is not possible to fully understand these
differences, but one possible explanation is that relative to Chile, the
United States is a fairly closed economy that is actually quite distant from its
trading partners and so international transaction costs are relatively larger
for the United States than for Chile.

Finally, we make one more note on plant-level evidence within
the United States. In AKM, we examined data from a single U.S. firm
that sources both domestically and internationally. We found that all

Table 3. Inventory and Trade by Industry (U.S. and Chile)

U.S.
Chile

Variable Industry Industry Plant

Export share (EXS) 0.197 �0.074 0.247

4.8 �2.3 2.7

Import share (MM) 0.193 0.067 0.145

11.4 3.1 11.1

Constant 0.222 0.209 0.218

31.5 23.0 48.8

Observations 1751 325 58546

R2 0.11 0.041 0.002

Notes: U.S. Industry data based on 3-digit SIC (1987) data from 1989 to 2001. Chile data based
on 3-digit ISIC data from 1990 to 2001. t-statistics are based on White robust standard errors.
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else equal, international orders are bigger and less frequent than domestic
orders.

Our evidence here suggests that firms use higher inventory holdings to
economize on international transactions cost. In our quantitative section, we
explore the impact of these frictions for the dynamics of trade, production,
and sales.

II. Model

Before describing our full model, we consider a simple example that
illustrates why high inventory goods experience relatively larger drops in
imports or production in response to a drop in sales.

Suppose that an importer has a desired inventory-to-sales ratio equal to
3. That is, it orders goods to ensure that it has three periods worth of sales at
the end of each period. Imagine that its sales are equal to 10 units initially, so
the firm has 30 units of inventories and imports 10 units. Consider next the
effect of a 1-unit drop in this firm’s sales. Since the firm desires a stock of 27
(9� 3) units now, its imports drop by 4 units, 1 unit due to a drop in sales,
and 3 units due to change in inventories. Clearly, the larger the firm’s
inventory-to-sales ratio, the larger is the decline in orders necessary to restore
the desired inventory-to-sales ratio: a firm with an inventory-to-sales ratio of
1 would only experience a drop in imports equal to 2 units. The table below
summarizes this idea

t Sales Inventories (eop) Imports Inventory-to-Sales

1 10 30 10 3
2 9 27 6 3
3 9 27 9 3

We now develop a model of optimal inventory adjustment and
international trade to examine the quantitative relevance of inventory
decisions for trade dynamics. We extend the partial equilibrium sS model of
international trade and inventories in AKM to a two-country general
equilibrium environment. The model extends Backus, Kehoe, and Kydland
(1994) to include a monopolistic retail sector that holds inventories of both
domestic and imported intermediates. Specifically, in each country, a
continuum of local retailers buy imported and domestic goods from a
competitive intermediate goods sector in each country, and each retailer acts
as a monopolist supplier in selling its particular variety of the good to
consumers. Consumers purchase these varieties and then use an aggregation
technology to transform home and foreign varieties into final consumption.
Retail firms are subject to two frictions that lead them to hold inventories: (i)
fixed costs of ordering goods from intermediate producers; and (ii) a lag
between orders and deliveries of goods. These frictions are more severe for
retailers that sell imported goods, thus leading them to hold higher
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inventories. We also abstract from capital accumulation (see Alessandria,
Kaboski, and Midrigan, 2009).

Environment

Formally, consider an economy with two countries, Home and Foreign. In
each period, t, the economy experiences one of finitely many states Zt. Let
Zt¼ (Z0,y,Zt) be the history of events up to date t, with the initial state Z0

given. Denote the probability of any particular history Zt as p(Zt).
The commodities in the economy are labor, a continuum of intermediate

goods (indexed by jA[0,1]) produced in Home, and a continuum of
intermediate goods produced in Foreign. These intermediate goods are
purchased and sold as retail goods to consumers. Finally, consumers
combine intermediate goods to form final goods (consumption and capital),
which are country-specific because of a bias for domestic intermediates. We
denote goods produced in the Home with a subscript H and goods produced
in Foreign with a subscript F. (Allocations and prices for the foreign country
are denoted with an asterisk.) In addition, there are a full set of Arrow
securities.

Consumers: The consumer has standard preferences over consumption
and leisure:X

t¼0

X
Zt

btpðZtÞU½CðZtÞ; 1� LðZtÞ�: (1Þ

Using Home consumers as an example, final consumption is produced
by aggregating purchases of a continuum of domestic retail goods cH ( j,Zt)
and a continuum of imported retail goods cF ( j,Z

t) (where jA[0,1] indexes the
good in the continuum).

C Ztð Þ ¼

R 1
0 vH j;Ztð Þ

1
ycHð j;ZtÞ

y�1
y dj

� � y
y�1

g�1
g

þt
1
g
R 1
0 vF j;Ztð Þ

1
ycFð j;ZtÞ

y�1
y dj

� � y
y�1

g�1
g

2
666664

3
777775

g
g�1

: (2Þ

Here the weights vH ( j,Zt) and vF ( j,Z
t) are subject to idiosyncratic

shocks that are iid across j and t. The parameter tA[0,1] captures the lower
weight on Foreign goods (that is, a Home bias). The Foreign consumer uses
an analogous technology except that the lower weight t multiplies the Home
goods. The idiosyncratic shocks to preferences are not necessary but provide
a simple way to generate heterogeneity across retailers that help to smooth
out the effect of the nonconvexities in the retailers’ ordering decision.15

15Alternatively, we could have followed Alessandria and Choi (2007) and modeled firm
productivity as being stochastic, or Khan and Thomas (2007a, b) in modeling inventory order
costs as being stochastic.
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The household purchases domestic and imported retail goods at prices
pH ( j,Zt) and pF ( j,Z

t), respectively, supplies labor at a wage W̃(Zt), and
earns profits P(Zt) (from retailers).

In addition, it trades Arrow securities B(Ztþ 1) that are purchased at time
t and pay off one unit next period in state Ztþ 1. We denote the price of the
security in state Zt at time t as Q(Ztþ 1|Zt). The consumer’s period t budget
constraint is therefore:16

X
i¼ H;Ff g

Z1
0

pið j;ZtÞcið j;ZtÞdjþ
X
Ztþ1

QðZtþ1jZtÞBðZtþ1Þ

¼ ~WðZtÞLðZtÞ þPðZtÞ þ BðZtÞ
The budget constraint for the Foreign consumer is analogous except that

prices and profits are those in the Foreign country. The prices of Arrow
securities Q(Ztþ 1|Zt) are the same in both countries, since they can be traded
internationally at no cost.

The consumer takes prices and profits as given and maximizes (1) by
choosing a series labor supply, retail purchases, investment, and Arrow
securities subject to (2) and (3).

The maximization can be solved step-wise, with the consumer choosing
an allocation of retail purchases cH ( j,Zt) and cF ( j,Z

t) to minimize the
expenditure necessary to deliver C(Zt) units of consumption. The cost-
minimizing first-order conditions define the demand for retail varieties:

cHð j;ZtÞ ¼ vHð j;ZtÞ pHð j;ZtÞ
PHðZtÞ

� ��y
PHðZtÞ
PðZtÞ

� ��g
CðZtÞ;

cFð j;ZtÞ ¼ vFð j;ZtÞt pFð j;ZtÞ
PFðZtÞ

� ��y
PFðZtÞ
PðZtÞ

� ��g
CðZtÞ; (4Þ

where we have defined the following aggregate price indices for Home-
produced output, Foreign-produced output, and output overall:

PHðZtÞ ¼
Z1
0

vHð j;ZtÞpHð j;ZtÞ1�ydj

0
@

1
A

1
1�y

; (5Þ

PFðZtÞ ¼
Z1
0

vFð j;ZtÞpFð j;ZtÞ1�ydj

0
@

1
A

1
1�y

; (6Þ

16We also need to set a borrowing limit in order to rule out Ponzi schemes, B(Zt)>B, but
this borrowing limit can be set arbitrarily large, that is, Boo0.
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PðZtÞ ¼ PHðZtÞ1�g þ tPFðZtÞ1�g
h i 1

1�g
: (7Þ

Producers: For each country, we model a single representative producer
that supplies to both the Home and Foreign markets. Intermediate goods in
the Home country are produced by competitive firms using the following
technology:

MðZtÞ ¼ lðZtÞ; (8Þ

where M(Zt) is output of intermediates, and l(Zt) is labor hired. We assume
an analogous production function for Foreign-produced intermediates.

We assume that producers pay workers a wage W̃(Zt) at the beginning of
period t, while revenues are received at the end of the period. Producers must
therefore borrow from financial intermediaries at an interest rate r(Zt ) to
finance labor expenditure. Their unit cost of labor is therefore equal to
W(Zt)¼ W̃(Zt)(1þ r(Zt)). Since our focus is on studying the dynamics of
inventories, we do not explicitly model the financial sector or the source of a
financial crisis. Rather, we assume r(Zt) is exogenous and study the response
of our economy to an exogenous increase in r(Zt ). Jermann and Quadrini
(2009) explicitly model financial frictions and show how a tightening of
borrowing constraints acts, in the model, equivalent to an increase in the tax
on labor paid by consumers.

We assume perfect competition in the market for intermediate goods.
Producers choose labor in order to maximize their profits, given the
intermediate price o(Zt) and wage W(Zt). Free entry ensures that the
intermediate price equals the minimum unit cost of production:

oðZtÞ ¼WðZtÞ: (9Þ
Retailers: In Home there is a unit mass of retailers selling goods that were

produced in Home, and another unit mass of retailers selling goods that
were produced in Foreign. Retailers purchase intermediates from producers
and sell them to consumers. For a Home retailer of good j produced
in Home, retail sales are again denoted cH ( j,Zt), while purchases from
intermediate goods producers are denoted zH ( j,Zt). We focus on Home
retailers operating in Home, retailers operating in Foreign face an identical
problem, as do Foreign retailers operating in Home. (The subscript F
continues to distinguish goods produced in Foreign, while an asterisk
continues to denote the corresponding arguments for the retailers in the
Foreign market.)

Retailers enter the period with a stock of inventories sH ( j,Zt). They face
the following constraints on their ability to order new goods:

1. Purchases must be nonnegative, zH ( j,Zt)Z0,
2. Any positive purchase (zH ( j,Zt)Z0) requires a fixed amount fd of local

labor.
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3. With probability md, date t purchases arrive in tþ 1 (otherwise they arrive
immediately).

4. Retailers can only sell goods on hand: cH ( j,Zt)rsH ( j,Zt)þ zH ( j,Zt)
if the order arrives immediately (with probability md), or
cH ( j,Zt)rsH ( j,Zt) otherwise.

The assumption of random arrivals is intended to capture some of the
uncertainty in the lags between orders and delivery that retailers face,
but more important, it allows us to flexibly vary the average length of these
lags by changing md. The lag structure is meant to capture the time between
production of goods by producers and arrival of deliveries to retailers.
We define xt to be the random variable that takes a value of 1 if orders
arrive immediately. We define a partition of the state as Zt¼ {~Zt,xt}, since
the realization of xt is known before prices are set, but not until after
inventories are ordered. Thus, orders zH ( j, ~Zt,xt�1) are independent of the
current xt, while the price that retailers charge pH ( j,Zt) can depend on
the current xt. Retailers choose these prices given consumer demand in
equation (4). They take the intermediate price o(Zt) and wage W(Zt) as
given. The problem of a Home retailer selling home-produced goods is
therefore:

max

zH j;~Zt;xt�1ð Þ;pH Ztð Þ
P1
t¼0

X
Zt

Q Ztð Þ½mdpH j;Zt; 0ð ÞcH j;Zt; 0ð Þ

þ 1� md
� �

pH j;Zt; 1ð ÞcH j;Zt; 1ð Þ�o Ztð ÞzH j;Ztð Þ �W Ztð Þjd�1zH j;~Zt;xt�1ð Þ40�;

s:t: cH j;Ztð Þ ¼min
vH j;Ztð Þ pHð j;Zt;1Þ

PHðZtÞ

� ��y
PH Ztð Þ
P Ztð Þ

� ��g
Y Ztð Þ;

sH j;Ztð Þ þ xtzH j; ~Zt; xt�1
� �

2
64

3
75

sH j;Ztþ1� �
¼ 1� dsð Þ sH j;Ztð Þ � cH j;Ztð Þ þ zH j; ~Zt; xt�1

� �� �
zH j;Ztð Þ � 0

Profits are valued at Q(Zt), the Arrow-Debreu price in period 0 of a
security paying one unit in state Zt. Also, note that both beginning-of-period
inventories and orders depreciate at a rate ds.

Retailers of imported materials (for example, Home retailers of Foreign-
produced goods) face the analogous constraints, except that the fixed cost
and probability of receiving orders are specific for importing, fimp and mimp,
respectively. Constraints on Foreign retailers are symmetric.
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Equilibrium

In this economy, an equilibrium is defined as (i) an allocation of aggregate
quantities {C(Zt), L(Zt), M(Zt), B(Zt), P(Zt)}t¼ 0

N , j-specific factor allo-
cations, {fd( j,Zt)}t¼ 0

N , and disaggregate goods fcið j;ZtÞ; sið j;ZtÞ; zið j; ~Zt;
xt�1Þi¼H;Fgg

1
t¼0 for both Home and Foreign, and (ii) prices of

goods {{pi ( j,Z
t)}i¼H,F, o(Z

t)} and factors in {W(Zt),W̃(Zt)}t¼ 0
N for both

Home and Foreign, and (iii) Arrow security prices {Q(Ztþ 1|Zt)}t¼ 0
N , such

that:

� Given prices, the allocations satisfy the consumers’ problems, the
intermediate producers’ problems, and retailers’ problems in Home and
Foreign; and

� The retail goods, labor, and capital markets clear in each country, and the
intermediate goods markets and Arrow security markets clear for the
world economy.

We briefly describe the market clearing conditions. First, Arrow securities are
in zero net supply, so bond market clearing requires B(Zt)þB�(Zt)¼ 0.
Second, labor demand includes both labor used in the production of
intermediates as well as that used by retailers in purchasing, that is,

LðZtÞ ¼ lðZtÞ þ fd�1zH j;~Zt;xt�1ð Þ40 þ fi�1zF j;~Zt;xt�1ð Þ40

h i
dj:

Next, the resource constraint for intermediate goods requires that
production is equal to orders:

MðZtÞ ¼
Z1
0

zHð j;ZtÞdjþ
Z1
0

z�Hð j;ZtÞdj;

M�ðZtÞ ¼
Z1
0

zFð j;ZtÞdjþ
Z1
0

z�Fð j;ZtÞdj:

Notice that intermediate goods produced in Home,M(Zt), have two uses:
they go to domestic retailers of Home goods, zH ( j ), and to exporters of
Home goods, zH

� ( j ). Similarly, intermediate goods produced in Foreign are
either sold to domestic retailers of Foreign goods, zF

� ( j ) or are imported into
Home, zF ( j ).

The end-of-period stock of inventories of any retailer j obeys:

sið j;ZtÞ ¼ ð1� dsÞðsið j;ZtÞ þ zið j;ZtÞ � cið j;ZtÞÞ:
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The aggregate stock of inventories held in Home is then given by

SðZtÞ ¼
Z1
0

sHð j;ZtÞdjþ
Z1
0

sFð j;ZtÞ:

III. Parameterization

We now describe the functional forms and parameter values considered for
our benchmark economy. The parameter values used in the simulation
exercises are reported in Table 4. The instantaneous utility function is given
as U(C,1�L)¼ log(C)þclog(1�L). Our calibration involves several
parameters that are relatively standard in the international real business
cycle literature, and so we assign typical values. These parameters include the
preference parameters {c, g, t, b} and technology parameters {ds,a}. We
choose c, the relative weight on leisure in the utility function in order to
match a labor supply of 1/3. We assign the elasticity of substitution between
domestic and imported goods g¼ 1.5, a standard value.

Our focus in this paper is on production of storable goods, and the
dynamics of output, inventories, and sales for this sector. We thus
choose parameters so as to match facts about the relative share of
imports and the inventory-to-sales ratio for goods, excluding the service
sector. Accordingly, we choose the Home bias parameter, t equal to 0.31 in
order to match a share of imports (equivalently exports since the two
countries are symmetric) in GDP of 23 percent.17 This trade share is
higher than typical for the entire United States, since services are mostly not
traded.

In order to facilitate comparison with available data, we model a period
to be a quarter. We therefore assign a discount factor of b¼ 0.99. We assign
the depreciation rate on inventories using various estimates of annual
noninterest inventory carrying costs range.18 These range from 19 to 43
percent of a firm’s inventories, which implies quarterly carrying costs ranging
from 4.5 to 11 percent.19 Our assigned value of ds¼ 0.075 is in the mid-range
of these estimates.

We have several other parameters, {y,sv, m
d,mimp,fd,fimp }, that are

particular to our inventory/retailing setup. We start by assigning y¼ 3, a

17This parameter must be jointly chosen with the inventory and retailing parameters,
since these parameters affect the relative retail costs (and prices) of imported and domestic
goods.

18These include taxes, warehousing, physical handling, obsolescence, pilfering, insurance,
and clerical controls.

19See, for example, Richardson (1995).
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typical estimate in industrial organization studies. The standard deviation of
demand shocks sv is set at 0.8.

20

What is key for our study of the dynamics of trade is the different
characteristics of imported and domestic inputs, particularly the lags and
fixed costs. Given our focus on these differences, we let mimp¼ 1, so that
imported goods arrive with a one-quarter lag. It is common to have such a
lag on inventories in the closed economy inventory literature (see Christiano,
1988). We then calibrate the delay on domestic goods md, the fixed cost of
ordering domestic intermediates fd, and the fixed cost of ordering imports
fimp so that the steady state in the model jointly matches three key moments
in the data. Table 4 (column labeled “Benchmark”) reports the parameter
values we use and Table 5 reports the targets used to pin down the value of
these parameters.

The first target is the aggregate inventory to (quarterly) sales ratio (for all
firms in the United States) of 1.3. We choose this to match the average ratio
of total business (retailþwholesaleþmanufacturing) inventory to quarterly
final expenditures on goods (measured as equipment investment and
consumption expenditure on goods) from 1998 to 2007. Two explanations
are in order about this target, particularly the denominator. First, because we
only measure final expenditures on goods, our measure exceeds stocks of

Table 4. Parameter Values

Benchmark Low I/S

Low Import

Premium

Assigned parameters

gamma Armington elasticity of H vs. F 1.5 1.5 1.5

theta elasticity across varieties in H and F 3 3 3

beta discount factor 0.99 0.99 0.99

deltas inventory depreciation 0.075 0.075 0.075

sv std. dev. taste shocks 0.8 0.8 0.8

muf probability foreign orders arrive

immediately

1 0.4 1

Calibrated parameters

tau Home bias 0.31 0.31 0.31

muh probability domestic orders arrive

immediately

0.475 0.23 0.475

phih fixed cost domestic orders (fraction

mean revenue, %)

3.65 0.68 3.65

phif fixed cost imports (fraction mean

revenue, %)

23.88 9.89 6.86

20The shocks generate heterogeneity across firms, which helps to smooth out the
aggregate response in a model with non-convexities. With the lag structure, they also generate
a precautionary motive for inventories.
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inventory relative to private GDP by a factor of 2.5. Large sectors such as
education, finance, health, and other services constitute a large share of GDP
but hold very little inventory. However, given our focus on movements in
trade relative to production and sales of traded goods, we abstract from these
sectors in our quantitative analysis just as we have in the empirical analysis.
Second, business inventory-to-sales ratios are often reported to be roughly
1.3 months rather 1.3 quarters as we have targeted. This commonly cited
figure includes all sales, not just final sales, and so it counts the same good
multiple times (from parts supplier to manufacturer to wholesaler to retailer).
Since in our model we measure the inventory-to-sales ratio using final sales in
the denominator:

ISðZtÞ ¼
R 1
0 sHð j;ZtÞdjþ

R 1
0 sFð j;ZtÞR 1

0 cHð j;ZtÞdjþ
R 1
0 cFð j;ZtÞ

as opposed to total sales (to consumers and to retailers):

IStotalðZtÞ ¼
R 1
0 sHð j;ZtÞdjþ

R 1
0 sFð j;ZtÞR 1

0 zHð j;ZtÞ þ cHð j;ZtÞ½ �djþ
R 1
0 zFð j;ZtÞ þ cFð j;ZtÞ½ �dj

we target the ratio of inventories to final rather than total sales. Below we
conduct a sensitivity check and show how our results change when we target
a smaller inventory-to-sales ratio.

The second target is that importing firms hold twice the inventory
(relative to sales) as firms that source domestically. This ratio is consistent
with inventory-sales ratios for importers vs. domestic firms that we observe
for Chilean plants and for U.S. manufacturing industries. Our third target is
the relative frequency of imported orders vs. domestic shipments. Using
shipment-level data of a single U.S. steel wholesaler, in AKM we found that
this firm places orders for imports half as frequently as domestic orders.

Table 5. Moments

Data Benchmark Low I/S Low import premium

Used for calibration

Aggregate inventory-to-sales ratio 1.3 1.3 0.7 1.18

Ratio I/S imports to I/S domestic 2 2 2 1.5

Share imports in GDP 0.23 0.23 0.23 0.23

Ratio of frequency of domestic vs.

imported orders

2 2 2 1.2

Other implications

I/S domestic retailers 1.06 0.57 1.06

I/S imported retailers 2.12 1.15 1.59

Frequency of orders, domestic 0.60 0.86 0.60

Frequency of orders, imports 0.30 0.43 0.52
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As Table 4 (column labeled “Benchmark”) shows, the resulting value of
md is equal to 0.5. This implies an average delay of 1.5 months on domestic
transactions and an additional 1.5-month delay on imported transactions.
The six-week additional delay for international trade compares well with the
evidence presented on shipping by Hummels (2001) and customs/processing
times in Djankov, Evans, and Pham (2010). Consequently, the base 1.5-
month delay on domestic purchases is somewhat lower than the one quarter
delay often assumed in the inventory literature (see Christiano, 1988). The
values for fd and fimp imply that fixed costs account for roughly 3.7 and 23.9
percent of mean revenues, respectively (these costs are not incurred each
period so their share in total revenue is much smaller). Our calibration targets
and additional implications of the model are summarized in Table 5. Notice
that domestic firms order with a frequency of 0.6 per quarter, while importers
do so with a frequency of 0.3 per quarter.

Tables 4 and 5 contain several additional columns that describe several
sensitivity checks we have performed. The column labeled “Low I/S” refers
to an experiment in which we target an aggregate inventory-to-sales ratio
equal to 0.7, the ratio of the stock of inventories to total quarterly sales in the
United States. This experiment downplays the role of inventories, since in the
model we continue to compute the ratio of inventories-to-final sales. To
match this lower level of inventories, we set fimp¼ 0.4, as well as lower the
fixed cost of domestic and foreign purchases, so as to keep the rest of our
moments unchanged.

Finally, the column labeled “Low import premium” is an economy in
which importers hold a 50 percent higher stock of inventories (relative to
sales) than domestic firms. We lower the importer’s inventory-to-sales ratio
by reducing the fixed cost of ordering to 6.9 percent of period revenues (vs.
23.9 percent earlier). We describe these and several additional experiments
below.

Policy Rules

We next discuss the optimal policy rules of retailers in the stationary
distribution with no aggregate uncertainty.21 We start by noting that the
retailers’ problem can be written recursively. We therefore drop the time and
state notation from variables and note that in a steady state, the ordering
decision is only a function of the current values of inventory sH and the taste/
demand shock nH, while the pricing decision is a function of (sH,nH), and the
delivery shock, xH.

The top panel of Figure 7 plots the ordering policy of retailers selling
either domestic or foreign goods for a given demand shock. Generally, the

21Given that idiosyncratic uncertainty is an order of magnitude greater than aggregate
uncertainty, these steady-state decision rules approximate well those in the economy with
aggregate uncertainty. Of course, our solution method allows for these rules to be state-
dependent.
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more inventory on hand, the smaller the order a retailer places. The presence
of a fixed cost creates a region of inaction and an adjustment region that
depends on (s,v). An importer only orders when its inventory level is below a
threshold. All firms that start with inventories below this threshold order an
amount that does not depend on the initial inventory stock because the firm
sells all of its current inventory to its customers. Compared with an importer,
a retailer selling domestically produced goods has a higher threshold to
reorder, but the amount ordered is much smaller. Moreover, because goods
may arrive in the current period, the amount ordered now is decreasing
in the current inventory level. The relatively large frictions of ordering
internationally create a wider band of inaction leading to larger inventory
holdings on average and less frequent transactions.

The bottom panel of Figure 7 plots the pricing policy as a function of
inventory holdings for the same idiosyncratic demand shock. Focusing first
on the pricing policy of an importer, there are two regions divided by the
order threshold. For inventory holdings below the order threshold, the
importer sets the price to absorb its total inventory. Above the order
threshold, the firm charges a price equal to a markup of y/y�1 over the
marginal value of an additional inventory. Thus in this region the price
charged is falling in inventory holdings. The pricing policy of a domestic firm
depends on whether or not its ordered inputs have arrived. If the products
have not arrived, the rationale for two pricing regions will be similar to that
described for the importer. On the other hand, if the products have arrived,
then the firm will carry some inventory into the next period and will charge a
price equal to a markup over the marginal value of an additional inventory.
Its price will be very much like the price of a firm that has substantial
inventory and has decided not to order this period.

Figure 7. Policy Rules—Orders and Prices
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IV. Experiments

In this section, we quantitatively evaluate the role of inventory holdings on
aggregate trade dynamics. To isolate the role of inventory holdings we
compare the impulse response dynamics for our benchmark inventory
economy to an alternative economy without inventories. The no inventory
economy uses the identical model and parameter values, except that we
eliminate the fixed cost and delivery delay frictions. That is, we assign
fd¼fi¼ 0 and md¼ mi¼ 0, so that retailers do not hold inventories in
equilibrium. Comparing these models provides an estimate of the role of
inventory holdings on trade flows in the crisis.

We consider several experiments designed to give insight into key aspects
of the global economic crisis for trade flows. Namely, we consider a shock to
the cost of labor through the intratemporal interest on labor expenditures,
and a shock to the intertemporal interest rate. The intratemporal interest rate
shock is effectively a labor wedge, raising costs and reducing labor supply/
output, while the intertemporal interest rate shock increases inventory
carrying costs. Thus, both capture the key elements of the financial crisis.
These shocks do a very good job of capturing the dynamics of trade and so
we do not consider a separate shock to financing of international trade along
the lines of that suggested by Amiti and Weinstein (2009) or Chor and
Manova (2009). Such a shock is like a worsening of the terms of trade and
would clearly raise the price of imported goods, lower sales, and lower trade.
The effects of movements in the terms of trade on trade and prices in the
presence of inventories are the main focus of AKM.

An Increase in r(gt)

Our first experiment considers a persistent increase in the interest rate
producers pay to finance spending on labor, r(Zt), in both countries, designed
to capture the global decline in economic activity.22 In particular, we assume
that r¼ 0 in the steady state and then consider the effect of an increase in r to
r1¼ exp(0.075)�1, which subsequently mean-reverts:

lnð1þ rtÞ ¼ r lnð1þ rt�1Þ for t � 2

with r¼ 0.75. Since we calibrate steady-state hours to �l¼ 1/3, the frictionless
economy would respond with a (1��l)� 0.075¼ 5 percent drop in con-
sumption, production, imports and all other real variables.

Figure 8 reports the response of these variables in our economy with
inventories. The upper-left panel shows that both production and imports
decline substantially more than in the frictionless model. Most important,

22An earlier draft of this paper assumed the recession is driven by a TFP shock and found
very similar results, both quantitatively and qualitatively. Both types of shocks increase the
cost of production and thus act in very similar ways.
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imports decline much more than domestic production. To understand the
decline, note that in our model the following identity holds:

Yt ¼ St þ DIt;

where Yt is production (or imports), St is sales, and DIt is inventory
investment. A good that is produced is either (a) sold to the consumer or (b)
enters the retailer’s stock of inventories. The subsequent two panels (upper-
right and lower-left) present the dynamics of sales and inventories in our
model. Notice that although inventories initially decline less than sales (since
a number of firms have made orders in the period prior to the shock and
these arrive with a lag), the decline in inventories exceeds that of sales in
subsequent periods. Hence, as in the data, the inventory-to-sales ratio
initially increases in response to the shock and then declines. Disinvestment
in inventories thus amplifies the effect of the shock, causing a reduction in
output much greater than the reduction in sales (lower-right panel).

The stock of inventories declines for two reasons in our model. First,
sales drop, thus reducing the returns to holding inventories, that is, the
probability that retailers have insufficient inventories to meet demand. A
second channel of intertemporal substitution is quantitatively more
important, however. Since the recession is associated with an increase in
labor costs, retailers sell out of the existing stock and postpone new orders
for future periods when the cost of labor is expected to decline. This second

Figure 8. Benchmark Model
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channel explains why the inventory-to-sales ratio eventually declines in our
model, as it does in the data for imported autos in Figure 3.

Notice finally that the decline in inventories and sales is not too dissimilar
for imported and domestic goods. The reason imports decline much more
than production is that the stock of inventories (relative to sales) is twice
greater for imported goods. Hence a larger decline in inventory investment is
necessary to bring the inventory-to-sales ratio to the desired level for
imported goods, as in the stylized example we presented earlier.

Table 6 summarizes this discussion by reporting the elasticity of imports
to production and sales in our model. We compute two measures of these
elasticities. The first is the peak-to-trough drop in imports relative to the peak-
to-trough drop in sales. Since our model exhibits lots of lumpiness arising from
inventory adjustment, we mostly focus on a second measure by computing the
ratio of the cumulative drop in imports (the area under the impulse response
function) to that of the cumulative drop in production and sales, respectively.
Obviously, there is no empirical counterpart to the cumulative drop, but
it is nonetheless a useful statistic to compare the properties of different
calibrations. Notice that the cumulative drop in imports is 1.37 greater than
the cumulative drop in production, and 1.61 greater than the cumulative drop
in sales. Similarly, the peak-to-trough drop in imports is 1.31 times greater
than the drop in production and 3.5 times greater than the drop in sales. The
reason the short-run elasticity with respect to sales is so much larger is that
sales decline much more gradually initially in the model, as inventories help
smooth consumption in face of the negative shock.

We conclude that our model produces responses that are qualitatively
and quantitatively in line with the data. Recall from Table 1 that imports and
exports are roughly 50–60 percent more volatile than industrial production,
and 70–80 percent more volatile than sales: our model thus predicts that
inventories alone account for a sizable proportion of this volatility.

A Gradual Shock

In the data, the stock of inventories relative to sales has initially increased in
the immediate aftermath of the recession, before declining. (see, for example,
the evidence in Figure 3 on autos). Our model can rationalize such dynamics
for inventories if the shock to the interest rate is gradual, rather than
immediate, as in the experiments reported above. To illustrate this point, we
next assume a gradual increase in interest rates. Specifically, we assume that

r1 ¼ exp
0:0725

2

� �
� 1; r2 ¼ expð0:0725Þ � 1

lnð1þ rtÞ ¼ rlnð1þ rt�1Þ for t � 2

We assume that all agents learn this process at date 1 and anticipate the
subsequent increase and decline in interest rates. Figure 9 reports the
dynamics of our model to these shocks.
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Table 6. Model Predictions

Data Benchmark Gradual Shock Financial Shock

Small

Shock

Low I/S

Ratio

Low Import

Premium

High Armington

Elasticity

Peak to trough

D Imports/D Production 1.51 1.31 1.48 1.40 1.34 1.47 1.72 1.26

D Imports/D Sales 1.97 3.54 4.05 5.36 3.84 4.68 4.82 3.58

D Imports 0.13 0.13 0.18 0.05 0.16 0.17 0.12

D Sales 0.04 0.03 0.03 0.01 0.04 0.04 0.03

D Production 0.10 0.09 0.13 0.04 0.11 0.10 0.10

D Inventories 0.05 0.04 0.07 0.02 0.11 0.05 0.04

Cumulative

D Imports/D Production 1.37 1.29 1.60 1.28 1.28 1.24 1.42

D Imports/D Sales 1.61 1.60 2.18 1.65 1.55 1.45 1.68

D Imports 0.34 0.32 0.44 0.12 0.29 0.28 0.31

D Sales 0.21 0.20 0.20 0.07 0.19 0.20 0.18

D Production 0.25 0.25 0.27 0.09 0.23 0.23 0.22

DInventories 0.37 0.27 0.52 0.12 0.62 0.34 0.29

Notes: The data column reports the average of the median elasticities of imports and exports. “Gradual shock” considers two consecutive, anticipated,
equally sized increases in the labor wedge. “Financial shock” adds an additional wedge in the date-0 prices, raising the interest rate by an additional 1 percent.
“Small Shock” considers a smaller shock. “Low I/S ratio” considers an aggregate inventory-to-sales ratio of 0.7. “Low import premium” considers an
economy with importers holding 50 percent more inventory than domestic purchasers. “High Armington elasticity” considers an Armington elasticity of 2.5.
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Notice that the decline in inventories is much more gradual now than in
our previous experiment and that the inventory-to-sales ratio is above its
steady-state level several periods after the shock. The reason is that retailers
prefer to invest in inventories at date 1, in anticipation of future increases in
the cost of production, and this investment imparts additional dynamics. As
in the previous experiment, retailers eventually decrease their stock of
inventories, both to respond to the lower sales, as well as for intertemporal
substitution reasons. Once again, production declines more than it does in
the frictionless environment, and imports decline more than overall
production. Table 6 shows that the cumulative drop in trade in this
experiment is 1.29 greater than that of production, and 1.6 times greater than
that of sales. Similarly, the peak-to-trough drop in imports is 1.48 greater
than that of production and 4.1 times greater than the drop in sales. The
gradual shock exacerbates the short-run response but dampens the
cumulative response.

A Shock to Intertemporal Prices

So far we have modeled the financial shock as an increase in the effective cost
at which firms are borrowing to finance their labor expenditures within a

Figure 9. Benchmark Model Gradual Shock
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period, that is, as a shock to the labor wedge. We next consider the effect of
an additional increase in intertemporal price of current and future
consumption, that is, a shock to the interest rate. We model this shock as
an increase in the date—0 price of goods from Q(Zt) to Q(Zt)(1þ tq(Zt)).
Notice from the bond Euler equation that

QðZtþ1Þ 1þ tqðZtþ1Þ
� �

QðZtÞ 1þ tqðZtÞð Þ ¼ bp Ztþ1� � ucðZtþ1Þ
ucðZtÞ

so that an increase in t(Zt) corresponds to an increase in the interest rate
consumers effectively face (or, alternatively, in the rate at which firms
discount future profits). We choose the initial jump in t(Zt) to generate a 100-
basis-points increase in the interest rate, and assume

logð1þ tqt Þ ¼ r logð1þ tqt�1Þ for t � 2;

where r¼ 0.75.
Figure 10 reports the response of real variables in our model economy to

this additional shock, which we assume happens simultaneously as the shock
to the intratemporal cost of borrowing. Clearly, the dynamics in this
economy are very similar to those in our benchmark experiment, though the
declines are greater. The reason output and imports drop more now is an
even greater adjustment in the stock of inventories. A greater cost of

Figure 10. Financial Shock
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borrowing leads retailers to postpone orders even further and contributes to
the decline in real activity. Notice in Table 6 in the column titled “Financial
Shock” that the cumulative decline in imports is even greater than that of
production: trade declines 1.6 times more than production and 2.2 times
more than sales. These numbers are very similar to those observed in the
data.

V. Sensitivity

Here we explore the sensitivity of our model to several variations: a lower
aggregate inventory-to-sales ratio in the economy, a lower importer inven-
tory premium, a higher Armington elasticity of substitution, and a smaller
shock. Our findings of a relatively high sensitivity of trade relative to pro-
duction and sales are robust across these different environments. These
experiments are reported in the last four columns of Table 6, and recall that
Table 4 and Table 5 present the parameter values used and the moments we
have targeted.

Small Shock

How does the elasticity of trade vary with the size of the downturn? Recall
that in the data most recessions, independent of their size, produce similar
elasticities of trade. We next ask whether our model is indeed consistent with
this feature of the data by studying the response to a 3 percent increase in the
intratemporal rate at which firms are borrowing to finance labor expenses.

Notice in Table 6, in the column labeled “Smaller shock” that the
cumulative drop in trade is 1.28 times greater than that of production, and
1.65 times greater than that of sales, thus is not too dissimilar from the
response to a much larger shock (recall that these elasticities are equal to 1.37
and 1.61, respectively). The difference in these numbers, we conjecture, has to
do with the irreversibility constraint on purchases playing a smaller role with
a smaller shock. Interestingly, the short-run decline in trade, as measured by
the peak-to-trough elasticity, is greater in the economy with a smaller shock
(1.34 and 3.84 for production and sales, respectively).

Low Inventory-to-Sales Ratio

Turning to our low inventory experiment (recall this economy has a 0.7
inventory-to-sales ratio), we find, not surprisingly, that the effect on the trade
elasticity is reduced since inventory adjustment plays a less important role.
The cumulative drop in imports in now 28 percent greater than that of
production (recall 37 percent in the benchmark economy with a higher
inventory-to-sales ratio), and 55 percent greater than that of sales (recall 61
percent in the benchmark economy).

Interestingly, we find that the short-run drop in imports is greater than
earlier. For example, the peak-to-trough drop in imports in 47 percent
greater than that of production (31 percent earlier). We conjecture that this
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occurs because now only 40 percent of importers receive orders with a 1-
period delay (this lower number generates the lower inventory-to-sales ratio
by reducing the precautionary-investment motive), and hence importers can
more readily react to a negative shock by decreasing the size of orders in the
immediate aftermath of the shock.

Low Import Premium

Recall that we now choose parameters so as to ensure that importers only
hold 50 percent more inventories than domestic retailers, in contrast to the
100 percent premium we have assumed earlier. With a lower importer
inventory premium, we find that the model once again generates a smaller
cumulative drop in trade and inventories (reflecting a slightly lower stock of
inventories to begin with) and similar drops in production and sales. Thus,
relative to the cumulative drop in production or sales, we get a smaller
cumulative drop in trade: 24 and 45 percent, respectively).

Once again, these long-run elasticities do not tell the whole story,
however. Now, the peak to trough drop is actually larger than in our
benchmark economy, with an elasticity of imports to production of 1.71 vs.
1.31. This counterintuitive result arises because with a low importer premium
there are more firms closer to the adjustment margin than in our benchmark
economy, since now importers order roughly every other period compared
with every third period in the benchmark. Thus, the extensive adjustment
accounts for a bigger short-run adjustment since the negative shock leads
importers to work through their inventory problems faster by delaying their
order.

High Armington Elasticity

We also consider how the elasticity of substitution influences the dynamic
properties of the model. There is much debate about this value. The literature
that studies long-run trade flows emphasizes a higher number than ours,
while the literature on business cycles emphasizes a smaller number. Here we
consider a slightly larger elasticity of 2.5 and find quite similar short-run and
long-run impacts on trade to those we reported earlier. Relative to
production, the peak drop in trade falls to 1.26 from 1.31, while the
cumulative drop rises to 1.42 from 1.37. These small differences arise because
there are no direct relative price movements, since we have assumed a global
shock that affects the Home and Foreign economy alike. All movements in
relative prices operate indirectly through the effect that changes in inventory
costs have on the different inventory holdings of domestic and foreign goods,
but these effects are too small to change our results much.

VI. Conclusion

This paper examines the role of inventory dynamics and international trade
empirically and theoretically, especially with regard to the dramatic drop
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(and strong rebound) in trade of the most recent U.S. recession. Empirically,
we show that trade is more volatile than either measures of trade-weighted
production or expenditures, and that inventory dynamics play an important
role in this volatility. However, we also find that trade dynamics in this
current recession are not unusual. As Imbs (2010) points out, what is unusual
is the magnitude and synchronization of the downturn.

The role of inventories is most clearly evident for trade in autos, a sector
for which we can separately measure retail sales of imported autos and
imports. Indeed, we see that imports of autos fell off a cliff in December 2008
even as final sales of autos recovered somewhat. The gap between sales and
imports can be explained in part because inventory levels had become quite
large relative to the rate of sales. Given that auto trade fell the soonest and
the most in this recession, we believe any explanation of the decline in
aggregate trade must be able to explain these dynamics.

To study these issues in the aggregate, we embed an sS model of
inventory adjustment in a two-country general equilibrium model, where
inventory holdings differ for domestic and imported products because of
relatively large international frictions. This quantitative theory shows that
the relatively high elasticity of trade over the business cycle may arise from
inventory considerations.

To account for the current synchronized global decline in trade, our
model requires a global negative shock. With such a shock, the model can
generate drops in production and international trade and movements in
inventory-to-sales ratios that are of comparable magnitude to those in the
U.S. economy. We also explore the role of changes in financing costs on trade
flows and find that these amplify the drop in trade even further.

In summary, we find that inventory concerns are important for the
dynamics of international trade. It is likely they also matter for the
international propagation of business cycles. We are currently exploring this
idea (Alessandria, Kaboski, and Midrigan, 2009).
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