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1. Introduction

From August 2008 through April 2009, the US experienced a nearly 27 percent fall of
(non-petroleum real) imports and exports.! This collapse in trade was massive, substantially
larger than the 15 percent drop in industrial production in manufacturing, as well as wide-
spread, 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 crisis. If the drop in
trade is primarily a result of trade financing drying up, a widespread hypothesis (ICC, 2008,
Economist, 2009a, Dorsey, 2009, Dougherty, 2009, Auboin, 2009, Amiti and Weinstein, 2009,
Chor and Manova, 2009), 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 down-
turn, an explanation with strikingly different implications. The mechanism is simple and
well-known in the closed-economy literature (see Ramey and West, 1999). Since 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 im-
portant 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 impor-
tant 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

ncluding petroleum-based goods, which experienced very large terms of trade movements along with a
substantial shock to US oil production from Hurricane Ike, over this period, exports fell 27.5 percent and
imports fell 22 percent.



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 US trade, both em-
pirically 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 to 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. 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 (i.e.,
post-1970) past recessions. The observed decline in trade in the recent recession is not only
large when compared to economic activity but also when compared to the drop in either
the production or consumption of tradables. 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 (i.e., real sales) of tradable goods.? Most important, the recent
recession does not appear to be unusual. During the median recession, both exports and
imports are about 50 percent more volatile than industrial production or expenditures on
tradables.

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 just the period beginning in September 2008,

2Real sales are a proxy for expenditures for US production, and so without inventory adjustment or a
change in the relative price of foreign to domestic goods, a pure demand shock for US goods should move
one-for-one with exports. Similarly, a simple shock to demand for US consumers should move imports one-
for-one with real sales.



when the collapse in trade accelerated, we find that in the 12 months ending in August 2009,
total real imports declined by $238 billion compared to the annualized level in the 3 months
ending in August 2008, and exports fell $202 billion. At the same time, the stock of US
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 (non-auto) 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 2009Q2 is consistent with a role for
inventories, given the short-run nature of inventory dynamics that we noted above. Following
the massive collapse in trade and reduction in inventory, the recovery has been strong; by
2009Q4, 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 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 2nd 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 US 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, caus-

ing 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 (forthcoming) (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.®> 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. non-importers.

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 of the model.

Our findings are related to several papers examining the trade collapse and crisis of
2008-09. Levchenko et al. (2009) analyze the cyclical properties of US 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 (2009) points out, what is unusual is
that the recession was both large and synchronized across countries. Levchenko et al. (2009)
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

3 AKM 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 (e.g., Argentina, Brazil, Korea, Mexico, Thailand, and Russia)
during recent financial crises characterized by large devaluations.



that inventories played a limited role, since imported inventories can be held at many stages
of production (e.g., manufacturers, wholesalers, or retailers), as other authors have noted
(e.g., Ramey and West, 1999). Our study of motor vehicles is a prime example, where US
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 comple-
mentary 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 expendi-
ture, 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
US, are consistent with those of Eaton et al. (2009), who perform a detailed analysis of
data across countries using a multi-sector, multi-country 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 et al., 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 US 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, protectionist policies have also been mentioned as a

potential source of higher trade costs (Baldwin and Evenett, 2009, 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 (2009) 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 to the decline
in final absorption or production of traded goods. However, they also find that very little of
the US downturn was propagated through trade to the rest of the world. Finally, at a more
macroeconomic level, Lane and Milesi-Ferretti (2009) and Rose and Spiegel (2009) examine
the link between the severity of the crisis across countries and pre-crisis fundamentals.

The rest of the paper is organized as follows. The next section documents the cyclical
properties of trade and inventories in the US with an emphasis on the most recent crisis.
Section 3 develops the model, while Section 4 presents the calibration. In Section 5, we

report the quantitative results and Section 6 concludes.

2. 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). While
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 US 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.

A. Trade Dynamics

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

Table 1 presents key summary moments for US business cycles for the years 1967Q1-
2009Q4, where the data have been HP filtered with a smoothing parameter of 1600.* 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.’?

Trade is about 1.5 times more volatile than manufacturing industrial production (mea-
sured 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 rel-
ative volatility of 3.5 (1.49/0.43=3.47 for imports and 1.64/0.43=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 expen-

4Our results are robust to a variety of detrending methods and controlling for the different composition
of production and expenditure from trade (see Appendix). Given the enormous increase in trade relative to
production, 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 g, times the cyclical part of income. For
simplicity assume that income has no trend, so that changes in income, Ay, are purely cyclical. Thus, if
income grows 1 percent, trade will grow g, percent + trend. Clearly, the elasticity of trade with respect to
income is (g, * Ay + trend) /Ay = g, + trend/Ay. 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 isn’t detrended will
appear larger, the larger the drop in income.

5The 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.



ditures 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 (i.e.,
equipment, consumer durables, and consumer nondurables). When constructing our measure
of the expenditures on traded goods, Y, we therefore weight expenditures on durables (in-
vestment in equipment, Igq,, and consumer durables, Cp ;) plus expenditures on consumer

non-durables, C'yp; appropriately:

]EQt+CDt> Cnpyt
VVi=a|l-"—")+(1-a =,
! (IEQ,O +Chyo ( ) Cnpyo

Here the weight « is equal to the share of equipment and durables in trade flows (approx-
imately 0.70; see the Appendix for calculation details) and everything is measured relative
to a base year. Notice that while Y7 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 (1.49/0.88=1.69 for imports and 1.64/0.88=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 the Appendix.) 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 (see the Appendix). 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 different 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 absorption across recessions.

In terms of the elasticity of the import response, the recent recession does not appear
to be atypical. While 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.

While 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 per-
cent. 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 levels (relative to trend) at the start of the recession.

B. 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 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.5
Indeed, using monthly data, we find that the stock of business inventory in the US 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.” 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.

C. 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

6This is equivalent to saying that investment is not important for the business cycle because the capital
stock does not change much in the short-run. One must be careful in comparing the change in stocks
(inventories) against the change in a flow (trade).

"Comparing the twelve 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.

10



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 percent and 17.8 percent of US non-petroleum 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 08 levels, we see that imports and exports of motor vehicles and parts from December
08 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
explain the aggregates more generally.

Figure 3 plots monthly US 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 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 7 months, February to August 2009 — real imports had
dropped 77 log points, while sales had only fallen 30 log points, relative to 2008Q2. Thus,
for imported cars, the drop in trade over this 7-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 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

11



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.® 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 holdings? of foreign autos in the US 