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Abstract

This paper explores the role variable capital in transmitting the e¤ects
of a �nancial shock into the real economy. Variable capital is de�ned as
all advances made by the �rm in order to enable production but that,
unlike �xed capital, are completely consumed in the production process.
If �xed capital is relatively hard to change, the major impact of a shock to
the cost of capital will take place through adjustments in variable capital.
Estimates based on �rm level data show that higher intensity in variable
capital is associated with larger drops in sales and that these are larger
in industries that have narrow pro�t margins, so that they have less of an
internal cash cushion to draw on in the case of a crisis. Numerical exper-
iments with a calibrated model are able to generate realistic dynamics in
output and measured TFP in a one and a two sector economy. The intro-
duction of credit constraints in a two sector model generates interesting
dynamics as general equilibrium e¤ects through relative prices gain a more
pronounced role in determining allocation and macroeconomic aggregates.

�I thank Tiago Berriel, Markus Brunnermeier, Nobu Kiyotaki, Huntley Schaller and par-
ticipants in various workshops in Princeton for helpful advice.



1 Introduction
Evidence from Sudden Stop episodes using cross industry and cross �rm
data shows that �rms/industries whose production is intensive in vari-
able relative to �xed capital su¤er a larger drop in labor and total factor
productivity after such shocks. Moreover, the e¤ect is particularly pro-
nounced for �rms who are less able to pay for their variable capital needs
only out of their internal cash �ow. These two �ndings are evidence that
the �rst major impact of large �nancial shocks in the real economy is
through the cost of variable capital. Simulation of a calibrated dynamic
general equilibrium model incorporating the di¤erences between �xed and
variable capital is able to replicate some aggregate aspects of sudden stop
episodes including the sharp drop and subsequent quick reversal of mea-
sured TFP.

Financial crises are notably associated with losses in output, consump-
tion, employment and productivity. While these aggregate e¤ects conform
to general economic intuition, the precise channels are somewhat elusive.
Calibrated real small open economy models suggest that the e¤ects of in-
terest rate shocks should be small to the extent that �rms can substitute
capital for labor (Mendoza,1991[1] and Correia et al. 1995 [2]). Moreover,
in these models interest rate shocks induce a counter-factual increase in
employment. The real business cycle literature on sudden stops has re-
solved this issue by assuming that, due to some unspeci�ed transactions
friction, wages and other variable inputs have to be paid in advance of
production (see for example Neymeyer and Perri 2001[3] and Mendoza
2006 [4]). Chari et al. [5] have criticized this approach for relying on
"subtle [frictions] for which so far there is little direct evidence." This
paper provides direct evidence for a technological aspect that, in itself, is
able to generate the required e¤ects1 .

Productivity data also presents a challenge for modelling of �nancial
crises. The drop in productivity after sudden stops is sharp and short
lived. The most natural candidate is capacity utilization, understood
as variations in the use of short term resources2 . These variations are
typically not accounted for in growth accounting exercises, since they
involve variables which are not easy to observe such as the work-week
of capital or unobservables such as e¤ort. For emerging markets it is
hard to get hold of good data even for the more prosaic work-week of
employees. The literature on sudden stops has tried to generate drops in
TFP from capacity utilization. The results have been mixed, with some
papers claiming success (Gertler et al. 2007[9] and Mendoza 2006[4]) and
others not so much (Kehoe and Ruhl 2008[10]). The reason for the mixed
results is that the most widely used model of capacity utilization relies

1Another issue which is side-stepped in the paper is that the interest rate shock has a
positive impact on labor supply through the wealth e¤ect.

2Such dynamics exclude explanations based purely on technical progress or regress. Also
the evidence on reallocation on the course of crises is not encouraging, with at least a couple of
papers �nding positive reallocative e¤ects around �nancial crises (see Borensztein and Lee [6]
and Maliranta [7] for analyses of the Korean and Finnish experiences, respectively). Finally,
at least when it comes to US data, the evidence for a large role for increasing returns to scale
in explaining �uctuations in TFP is tenuous (Basu and Kimball 1997[8]).
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on a trade-o¤ between production of goods and of capital. Whether or
not such a model is able to generate the requisite drop in utilization will
depend on how the relative price between goods capital evolves or on
the precise timing of these costs and bene�ts. The point is illustrated
by Kehoe and Ruhl [10] in the context of a two sector model. In their
model, while the relative cost of utilizing capacity increases for tradable
producers, it decreases for producers of non-tradable goods.

This paper presents theory and evidence to suggest that, in order to
generate the key facts about output and productivity from a �nancial
shocks it is enough to require that production takes time, so that there is
a time lag between the acquisition of inputs and �nal sales. The link be-
tween the �nancial shock and measured TFP is established by the natural
notion that an increase in the work week of �xed capital or labor is only
productive if there is a an increase in the use of variable capital. Thus,
a shock to the interest rate will lead to a reduction in the acquisition of
variable capital and, given some cost to adjusting �xed capital or labor,
a reduction in capacity utilization and TFP.

The simulations also explore implications of the model for an economy
with borrowing constraints. These have been proposed as an important
element for the understanding of emerging market crises (see for exam-
ple Gertler et al., [9] and Aghion et al. [11]). The combination of these
constraints with the existence of variable capital generates interesting dy-
namics for output and productivity as entrepreneurs are forced to trade
o¤ investment in the two types of capital. In order to keep the role of
these interactions clear, the simulation exercises in the current version of
the paper side-steps the debt overhang problem emphasized by much of
the literature by assuming that �rms �nance itself with equity3 . In such a
setup, borrowing constraints blunt the impact of the interest rate on the
�nancing costs of the �rm. However, in a two sector model they intro-
duce an indirect channel, as movements in relative prices alter the return
to investment in di¤erent sectors.

The evidence in this paper is also relevant for the literature on inven-
tory cycles and interest rate. This, according to Maccini et al. [13] has had
little success in indentifying feedbacks from the interest rate into inventory
decisions. While the evidence in the paper does not touch speci�cally into
the behavior of inventories, it provides tangential support to the notion,
espoused by Maccini et al., that inventories provide an important channel
of transmission for change in the interest rate into the real economy if such
changes are perceived by �rms. to be of a signi�cant order of magnitude4 .

The paper is structured as follows. The �rst section sets the scene by
presenting a stylized three period model that provides the main intuitions.
The second section reviews the empirical evidence presented in studies of
sudden stops and presents evidence based on industry and �rm level data.
The third section sets up the structural model. The fourth section per-
forms numerical exercises to evaluate the ability of the model generating

3For a critique of ampli�cation mechanisms based on leverage and debt overhang see Kr-
ishnamurthy [12]

4Maccini et al. [13] focus rather on relatively small shifts in long term level of interest rate,
whereas the evidence in this paper concerns abrupt but not necessarily long lived changes.
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some of the stylized facts. The �nal section concludes.

2 Setting the Scene

2.1 A simple model
To set the scene consider a three period model in which an entrepreneur
has to decide how much working capital to invest. While fairly simple,
the model will highlight the main mechanisms that will be explored in the
course of the paper.

A risk neutral entrepreneur has an endowment e per period. In the
�rst period the entrepreneur choses the amount of �xed capital and the
number of employees that he will use. In the second period there is a shock
to the interest rate. At this point the entrepreneur choses the amount of
materials to be transformed into �nished goods and the number of hours
that he will require the workers to dedicate to production of that good.
Production and consumption take place in the third period. Materials
have to be purchased in advance, so that e¤ectively they constitute capi-
tal5 . The production function is

y = Amin fF (uk; hl) ; ng
Where k is physical capital, l is number of workers, h is the work week

of employees, u is the work week of capital and n is the amount of ma-
terials used in production. A simplifying assumption that will hold over
the whole paper is that the work-week of capital has to be identical to the
work-week of employees, so u = h. This assumption does not allow for
workers to be organized in shifts. While extreme, most of the qualitative
results hold so long as the two work weeks are linked in some form. The
functional form is akin to Hayashi and Prescott [14] and generalized ver-
sions have been used in the empirical work of Basu, 1996 [15]. Under the
CRS assumption I can write

y = Amin fhF (k; l) ; ng
Workers are also risk neutral. They enjoy leisure according function

g (1� h) with g0 > 0 and g00 < 0 and are in in�nite supply ex-ante. Ex
post the entrepreneur and the worker decide on a number of hours for
work and bargain on a share of the surplus. Hours worked are chosen so
as to maximize total surplus.

Given the risk neutrality assumption, I can write the problem as a
surplus maximization problem

5The model can accomodate a broader de�nition of variable capital, including cash held
for transaction purposes and trade credit if it has a similar function. For a more thorough
discussion of these distinctions, see the empirical section.
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maxE [Amin fh (s)F (k; l) ; n (s)g+ g (1� h (s)) l �R (s) b2 (s)]

s:t: : n (s) � b2 (s)� b1 + e

k = b1 + e

Where s indexes states of nature that are revealed in t = 1. Only
hours, materials and period 2 debt are allowed to depend on s since all
other decisions are taken before th shock is realized.

The optimality conditions are

g0 (1� h (s)) l = AF (k; l)�R (s)

n (s) = h (s)F (k; l)

0 = E [AFk (k; l)h (s)�R (s)]

E [w (s)] = E [AFl (k; l)h (s)]

Hours worked decreases with R. The very simple intuition is that
hours and materials are complements and that the interest rate is the
cost of procuring materials. A more subtle aspect is that the opportunity
cost of labor hours does not depend on the interest rate. This is because,
�rst, leisure is not intensive in capital and second the shock to the interest
rate does not generate a wealth e¤ect in labor supply. Furthermore, since
hours worked and capital utilization are tied to one another, an increase
in interest rate will also be associated with a drop in capital utilization.

2.2 Credit Frictions
Suppose now that the entrepreneur faces a borrowing constraint given by

R (s) b2 (s) � � [AF (k; l)h (s)� w (s) l + k]

That is, the entrepreneur cannot pledge more than a fraction � of
future wealth.

There are two possible situations. In one, the borrowing constraint
does not bind. In this case the same result as before is obtained. Let h�

satisfy (A�R (s))F (k; l) = g0 (1� h� (s)) l. The borrowing constraint
will bind if

F (k; l)h� (s) >
� [AF (k; l)h� (s) + k � w (s) l]

R (s)
� k + e

If it does bind, h (s) will be such that the inequality above is satis�ed,
ie

F (k; l)h (s) =
2e� �w(s)l

R(s)
�
h
1� �

R(s)

i
k

1� �A
R(s)

Or still

n (s) =
2e� �w(s)l

R(s)
�
h
1� �

R(s)

i
k

1� �A
R(s)
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Note that, log-linearizing the expressions:

n̂ (s) =

�
1� �A

R

�
n [�ŵ (s)]

An increase in the interest rate will in general reduce the amount
invested in variable capital. The reason is that at a higher interest rate
future wealth is discounted more heavily. The e¤ect will be stronger if
there is a higher ratio of �xed capital to variable capital and if � is larger.
The intuition for both is the same. An entrepreneur with higher � or
higher k is typically able to �nance a higher proportion of his production
with external �nance. Hence, a shock to the cost of external �nance will
have a larger impact for such an entrepreneur.

2.3 Implications for measured TFP
It is hard to get reliable data on hours for emerging markets. For that
reason, much of the literature that looks at TFP movements during sudden
stops (including this paper) do not take �uctuation of hours worked into
account. However, TFP movements are large even when hours are taken
into account (for example as in Bergoeing et al [16] and the Korean data in
the empirical section below). This is because growth accounting exercises
typically do not take into account that an increase in the work week of
workers will allow for an increase in the work week of capital, so that the
elasticity of output to an increase in hours is larger than the elasticity to
a proportional increase in the number of employees.

The expected labor share of output is

E

�
w (s) l

y (s)

�
=

FL (k; l) l

F (k; l)

�
1 + cov

�
h (s) ;

1

h (s)

��
<

FL (k; l) l

F (k; l)
< 1

Thus, any growth accounting framework that takes the labor share of
output to be a good estimate for the elasticity of output with respect to
hours worked will be underestimating its actual e¤ect and will assign part
of the e¤ect of �uctuations in hours worked to �uctuations in TFP.

An important remark is that, to the extent that variable capital is
primarily accounted for by intermediate input demand, sizeable �uctua-
tions in productivity will not occur if there is no complementarity between
variable capital and capacity utilization. This is because standard growth
accounting does already take �uctuations in working capital in consider-
ation even if in a crude way, by focusing on variations in value added as
opposed to �uctuations in the value produced. To make the point clear,
suppose output is given by

y = f (k; l; n)

And value added is
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z = f (k; l; n)� n

Consider the e¤ect of a change in utilization of working capital on
value added, keeping capital and labor inputs constant. To a �rst order
approximation:

ẑ =

�
(fn (k; l; n)� 1)n
f (k; l; n)� n

�
n̂

However, in national accounts, both inputs and outputs are evaluated
in the same unit of account. Hence, under perfect competition in input
markets

fn (k; l; n) = 1

This implies that, absent movements in capacity utilization value added
z will, to a �rst order approximation, not react to variations in the amount
of intermediate inputs used.

3 Empirics
This section reviews some empirical regularities of �nancial crises. I use
the same crises dates identi�ed by Calvo et al. [17]. These consist of dates
starting from which emerging markets (de�ned as all countries included
in the EMBI+ index) experienced a cumulative output collapse of 4.4%
or more and a large reversal in current account Furthermore, they are
selected only if they in periods where there is a large increase in the
international cost of �nance as measured either by Federal Funds rates or
the EMBI+ index. The details are spelled out in the paper cited above.
These restrictions on the sample imply that the episodes can be reasonably
interpreted as generated by shocks to the cost of capital that are exogenous
to the internal dynamics of the countries in question. The list of the
episodes is in the appendix. They are largely split in three groups: A
wave in the early 80s associated with the Volcker shock and the emerging
markets debt crisis, a wave in the mid 90�s centered around the Mexican
crisis and a wave in the late 90�s connected to the Asian crisis. The
syncronization and wide geographical dispersion of these episodes provide
further indication that the main shock was exogenous to these economies.
Also, the Asian crises ocurred in the midst of the 90�s boom in the US,
thus strenghthening the interpretation that these events were likely not
driven by productivity shocks spilling over from developed countries..

3.1 Macro-Aggregates
This section presents the behavior of macro aggregates around crises. It
replicates some of the �ndings in the previous literature6 but also adds
observations on employment, average number of hours worked, and change
in inventories. The crucial observation is that while hours and inventories

6Apart from Calvo [17], see also Tornell and Westermann [18]
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react strongly to the crisis and in line with output and TFP, �xed capital
and number of employees do not. This provides an indication that the
drop in TFP can be reasonably assigned to an incomplete account of the
factors of production. Variables are logged and presented as deviations
from the peak before the crisis. The graphs plot the median values as well
as the �rst and third quartiles across the sample.

The �rst graph plots the behavior of GDP. The not very surprising
�nding, given the way the sample is chosen, is that GDP drops strongly.
Three years after the crisis about one half of the countries have recovered
to a GDP level close to the peak. While output drops, employment and
capital remain roughly on trend, with perhaps a slight deceleration. Me-
dian output has yet to catch up with employment three years after the
crisis. Capital moves in line with output before the crisis, suggesting that
the pre-crisis boom was largely associated with capital accumulation7 . By
the end of the event window, output is converging back to its previous
relation with capital.

The second and third graphs together suggest that the crisis periods
were largely associated with a temporary drop in productivity of capital
and labor. This is con�rmed by the fourth graph that shows the behavior
of TFP. The �nancial shock triggers a reduction in productivity of capital
and labor.

More to the point of the paper, inventories drop swiftly with out-
put. Hours worked are not easily available in comparable measures across
emerging markets. However, the evidence for South Korea con�rms that
there is a strong swing in the work week of labor, in line with the drop
in output. These are evidence that the drop in output can be traced to
reductions in at least some variable inputs.

3.2 Cross Industry Performance
In this section I follow a version of the methodology used by Rajan and
Zingales (1998) [19]. It consists of using a �rm level database with ac-
counting data from listed �rms such as COMPUSTAT to construct indus-
try level characteristics and then use industry level data to assess how the
charateristics in question were associated with some dimension of industry
performance.8 I will use a similar methodology, but focusing on variables
which are more closely related to the question at hand. This methodology
has the advantage of taking advantage of the detailed information made
available by listed �rms while focusing on dependent variables which are

7Capital is calculated from gross �xed capital formation using the perpetual inventory
method. The depreciation rate is set at 8%. The initial capital stock for the country is set by
picking the �rst observation for gross �xed capital formation and assuming that it was just
su¢ cient to keep capital stock constant on that year. While crude, this method has generated
results for TFP which are essentially identical to the ones in Calvo et al. [17] and other studies
of sudden stop episodes.

8Rajan and Zingales were particularly concerned about the relationship between long run
economic growth and �nancial dependence, de�ned as the amount of resources that a �rm has
to borrow from external sources in order to �nance investment. The methodology has been
applied by Kroszner et al. (2002) in the context of banking crises, with the focus centered
around role of �nancial dependence.
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more likely to be representative of the economy as a whole. A necessarty
identifying assumption, however is that these listed �rms are su¢ ciently
representative that the charasteristics constructed using COMPUSTAT
can be taken as valid for the industry as a whole.

After removing outliers I take the medians of the accounting variables
below over industries and time. The rationale is that these medians give
an indication of technological di¤erences between industries. However,
in contrast to Rajan and Zingales, who use only US data, I focus on
median values across emerging markets, de�ned as all countries included
in the EMBI+ index. Because the focus of the paper is not on long run
relations, the potential endogeneity problems are not as severe as in Rajan
and Zingales so long as �rms perceive sudden stops to be su¢ ciently rare.
In any case even if such endogeneity is present, it would tend to bias the
results in the opposite direction. Furthermore, using the data from the
countries under analysis gives a better estimate the characteristics of the
industries under consideration.

The focus of the analysis is on the ratio

Variable Capital
Total Capital

Acording to the theory above, total factor productivity will be most
sensitive to the interest rate shock when this ratio is high. It is necessary
however to identify what is the empirical counter-part for the numerator
and the denominator. For the empirical counterpart of total capital, I use
net operating assets, de�ned as Property, Plant and Equipment (net of
depreciation) plus working capital (ppent+act-lct in COMPUSTAT). It
excludes intangible assets and long run �nancial investments.

For variable capital, the broadest measure is working capital, given
by current assets minus current liabilities (act - lct). Apart from inven-
tories, this includes trade receivables and cash and cash equivalents net
of payables and short term debt. This variable is adequate if the major
source of money demand by the �rm is transactional. If �rms have high
precautionary motives to hold cash, the high working capital holdings may
simply re�ect the fact that these �rms expect to be vulnerable to shocks
De�ne working capital intensity as

WKINT =
Current Assets - Current Liabilities

Operating Assets
The second alternative removes cash and cash equivalents (che) from

working capital. It may still be too broad to the extent that, absent
�nancial frictions, �rms should be able to change their short term portfolio
of �nancial assets and trade credit without a direct impact on production.
It may be to narrow to the extent that cash is kept for transactional
purposes, this alternative may miss an important part of the story. This
measure is de�ned as

WKNCINT =
Working Capital - Cash and Cash Equivalents

Operating Assets

The third alternative is to include only inventories (invt) in variable
capital. While inventories are de�netely a form of capital, the status as
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a factor of production is less clear. This is particularly true for �nished
goods inventories. Rather, a large part of the literature on inventories sug-
gests that these are held primarily to smooth production and/or sales[20]
or in order to avoid stockouts[21]. Such strategic use of inventories may
pose endogeneity problems similar to the ones presented by cash, as �rms
with more variable sales may feel a greater need to keep high inventory
levels.

INV INT =
Total Inventories
Operating Assets

The last alternative focuses on raw material and work in progress
inventories (invrm+invwip). These are more likely than �nished goods
inventories to be held due to technological constraints on the production
process rather than concerns about the variability of demand. This is
specially likely if production is hard to adjust in the short run, as assumed
in much of the inventories literature, and if the time to adjust production
is not shorter than the time needed to procure raw materials. The model
proposed in this paper assumes that these two times are in e¤ect identical.
The major drawback of this de�nition is that it does not recognize the
variable capital needs of �rms in the retail sector. For this reason, the
analysis below will focus solely on the manufacturing sector.

INV RM =
Raw Materials and Work in Progress Inventories

Operating Assets

Once industry medians medians are calculated, I take industry level
data from the UNIDO (INDSTAT3 Rev. 2) database. This database
includes manufacturing industry data for a wide range of countries and
years, including data on value added, employment, wages and �xed capi-
tal formation going back to the early eighties and late seventies for some
countries.With this database it is straightforward to construct labor pro-
ductivity series and possible to produce estimates for changes in TFP9 .
The table in that appendix shows the number of industries for which data
is available in each crisis . It includes a wide range of continents and
episodes, from the early 80�s to the late 90�s.

The correlation matrixes provide the main information that can be
extracted from the data at this stage. These are correlation between the
average drop in TFP for each industry and the di¤erent industry charac-
teristics. There are fairly strong negative correlations between industry
level performance in the crisis and various measures of working capital
intensity.

3.3 Firm Level Data

The COMPUSTAT Global database allows to move from industry to �rm
level data. The trade-o¤ is that COMPUSTAT is not entirely representa-

9The details of how changes in TFP is estimated are discussed in the appendix. In any
case, results are fairly robust to the use of labor productivity associated with the maintained
hypothesis of slow moving �xed capital.
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tive, because it only includes listed �rms. Also, COMPUSTAT only has
observations starting in the late 80�s, and for most �rms there are only
observations starting in the mid 90�s. For this reason, this section focuses
on four Asian countries who underwent a Systemic Sudden Stop in the late
90�s according to Calvo et al. [17]. The list of countries and years as well
as the number of observations for each country is listed in the appendix.
The bene�t of using the �rm level data is that it is possible to explore the
within industry variation while controlling for industry characteristics.

In order to exploit the industry level variation, right hand side variables
are constructed at the �rm level. These are calculated as the median for
each �rm over all available years before the crisis. The interpretation of
these characteristics as re�ecting stable technological constraints is a bit
less clear as temporary variations in the state of �rms asset just before
the crisis could have other e¤ects on its perfomance.

Only a small subsection of the �rms has data on employment for the
crisis year. This makes a TFP calculation such as above not practical since
over the crisis �rms are likely to shed many jobs..This could introduce
a bias in the results as, given relatively sticky capital stock, more labor
intensive �rms would experience a larger drop in sales. Another important
decision is whether to use change in sales or change in production as the
dependent variable. In the model there is no distinction between the two,
but for �rms that hold �nished goods inventories this di¤erence is very
important. Using production as the dependent variable would tend to
bias the results towards �nding large e¤ects for �rms that usually hold
large �nished goods inventories, since they would be able to satisfy their
declining demand with their inventories. On the other hand, with sales
there could be a bias towards not �nding much e¤ect for these �rms, as the
way to reduce holdings of �nished goods inventories is to increase sales.
The results are reported for sales, which are likely to be a more reliable
data as it does not depend on details of inventory valuation close to the
crisis date.

The �rst set of regressions attempts to replicate the results in the pre-
vious section within each industry. The only controls are country and
industry dummies. All variable capital intensity variables enter with neg-
ative sign and in two out of four cases they are signi�cant to a 5% level.
The second set of regressions include controls for the number of employees
and labor intensity in each �rm. These are calculated in the same way
as the other variables, by taking the median of pre-crisis observations for
each �rm. Labor intensity is de�ned as the wage bill divided by operating
assets. Again all signs are negative and two out of four are signi�cant to
5% level. The only dependent variable that remains insigni�cant in both
speci�cations is intensity in total inventories. This is consistent with the
discussion above on potential bias of treating �nal goods inventories as
a variable input in production. Intensity in raw materials ceases to be
signi�cant once labor intensity is controlled for. Both variables are corre-
lated (at 32%) and when labor intensity is introduced neither variable is
signi�cant, indicating a multicolinearity problem.

The second set of regressions attempts to identify whether the drop
in sales can be attributed to the �nancial shock. An alternative hypoth-
esis is that �rms that are intensive in variable capital have more �exible
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production, allowing them to respond quickly to changing cirucunstance.
In order to rule out this possibility, I look at the interaction between the
measures of variable capital intensity above and measures of how directly
exposed �rms are to shocks in external �nance.

The chosen measure is markup or pro�tability. Firms with high mark
up can draw more easily on pro�ts to pay for their production costs, since,
per de�nition, these are higher relative to the latter. De�ne

MARKUP =
Sale

Production Costs
Production costs (mnemonic cogs in COMPUSTAT) includes cost of

materials and sales and excludes capital depreciation. This variable pro-
vides a measure of how much slack in cash-�ows the �rm can typically
count with in order to counter a drying out of external �nance. Of course,
this variable is only a good measure of how exposed �rms are to shocks
to external �nance under the maintained hypothesis that even after the
shock the �rm would rather retain its internal cash-�ows rather than in-
vest them on �nancial assets.

This variable is closely related but di¤erent from the �nancial depen-
dence measure constructed by Rajan and Zingales. The essential di¤er-
ence is that while Rajan and Zingales were concerned with the ability
that �rms had to �nance capital expenditures from their own cash-�ows,
this measure captures more generally their ability to do any expenditure
on top of its production costs, including possibly variable capital. This is
more appropriate for the current context since, as discussed in the previ-
ous section, the drop in output after the crisis is unlikely to be related to
an inablility by �rms of increasing their puchase of �xed capital10 .

In order to avoid potential endogeneity issues, theMARKUP variable
is constructed as in the previous section, at the industry level. After that,
�rms are divided in three equal sized groups acording to how high the
MARKUP variable is. The results reported shows the di¤erence in the
e¤ect of intensity in variable capital between high and low MARKUP
industries, with and without controls for �rm size and labor intensity. The
marginal e¤ect of working capital intensity is consistenly less negative in
high MARKUP industries. The di¤erence is signi�cant at a 5% level
when the measure of variable intensity is either based on total inventories
or total working capital minus cash.

4 A quantitative model

The next step is to build a quantitative model in order to assess whether,
from a theoretical stand-point, the presence of variable capital enables
the macro dynamics described above. Apart from the introduction of
variable capital in the production function the model has a few other

10The variable used by Rajan and Zingales is capital expenditure (COMPUSTAT mnemonic
capx ). This includes primariliy additions to property plant and equipment but no change in
inventories or other forms of working capital.
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non-standard features. First, in order to be able to generate changes in
capacity utilization, the work week of capital is constrained to be equal
to the work week of workers as in section 2 Second, in order for the work
week of labor to be an important margin of adjustment, employment has
to be hard to adjust. This is modelled with a Mortensen-Pissarides [22]
style labor market. Third,households live in perpetual youth and die in
any given period with positive probability. This assumption is made to
keep household debt well de�ned in steady state

There are two extensions of the model. The �rst is the introduction
of a non-tradable sector. This is done by assuming that �rms are split in
producers tradable and non-tradable inputs, which in turn are combined
to produce consumption goods as well as �xed and variable capital. This
extension allows to assess the robustness of the model to the Kehoe and
Ruhl [10] e¤ect, in which the drop in capacity in the non-tradable sector
is o¤set by an increase in capacity in tradables.

The second extension is the introduction credit constraints. These are
motivated by assuming that �rms are run by entrepreneurs who are unable
to commit fully to repayment of obligations. These entrepreneurs also live
in perpetual youth, so that in steady state there is a wedge between the
marginal productivity of capital and the interest rate. This extension
is motivated primarily by the widespread use of credit frictions in the
sudden stop literature. It implies interesting dynamics to the extent that
they retard sectoral reallocation in the two sector model, thus allowing
consumption decisions to play an important role.

4.1 Workers
There are large, in�nitely lived families that whose resources are man-
aged centrally by a family head who cares about all members. Families
end with probability 1�', at which point they are replaced by new fam-
ilies. This assumption is introduced in order to keep the debt of families
stationary. Family members are endowed with labor that they can o¤er
to entrepreneurs through a search market. They enjoy utility of leisure as
given by the function

g (1� h) = �u if h = 0

g (1� h) = �e
(1� h)

1� 1
 

1� 1
 

if h > 1

Period utility for a family member is given by

u (c+ g (1� h))

This form is similar to the one adopted by Greenwood et al [23] and is
common in the small open economy RBC literature. One interpretation
is that the utility of leisure stands in for the production of home goods
which, in turn, are perfect substitutes to the consumption good produced
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by �rms. More to the point this utility function assumes away any wealth
e¤ects on the cost of labor hours. It is well understood that such wealth
e¤ects are incompatible with the drop in labor hours and employment
during �nancial crises, since they create incentives for households to work
harder (see Mendoza 1991[1], Neumeyer and Perri 2004 [3] among others).
Removing these e¤ects keeps the focus on the decisions of the �rms.

Because all members of the family are treated equally, the period util-
ity of the head of the family can be written as

u (c+ g (1) (1� l) + g (1� h) l)

Families can buy annuities in the international market. However, fol-
lowing much of the tradition in small open economy models, families can-
not trade in state contingent assets other than that. This will imply that
a shock to the interest rate will be perceived as a shock to wealth and will
have an impact on consumption.

In equilibrium, the family is always better o¤ if more of its members
work. All of its members who do not have a job search for work. In any
given period 	(V; 1� L) matches are made, where capital letters refer
to aggregate variables which are taken as given by the family. Matched
family members bargain with employers and settle on number of hours
worked h and a wage w. Matches are destroyed with probability �L.

The value function for the family can be written as

W (a; l) = max
c;a0

u (c+ g (1) (1� l) + g (1� h) l) + �'E
�
W
�
c0; a0; l0

��
s:t: : c+ a0 =

R

'
a+ wl

l0 = (1� �L) l +
	(V; 1� L)

1� L
(1� l)

The consumption/savings decision will accord to the usual euler con-
dition

u0 (z) = �RE
�
u0
�
z0
��

With

z � c+ g (1) (1� l) + g (1� h) l

The marginal value of a match for the family is given by the envelope
condition

Wl (c; a; l) = u0 (z) [w + g (1� h)� g (1)] + (1� �)�E
�
Wl

�
c0; a0; l0

��
4.2 Entrepreneurs

Entrepreneurs are not part of families. They live by their own, in perpet-
ual youth and die with probability 1� � in any period. This assumption
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will be important once credit constraints are introduced, since it will al-
low the marginal productivity of capital to be above the interest rate in
steady state. Entrepreneurs learn about their death in the beginning of
each period. They have time to take to term whatever production deci-
sion was taken in the previous period, sell o¤ their production and assets
to other entrepreneurs and consume the proceeds. Entrepreneurs control
three technologies. The �rst is a goods production technology. It is given
as in section 2 by

Amin fF (k; l)h; ng
Where k is the amount of physical capital, l is the number of employees

and n is the amount of materials used in production and F is CRS. The
second technology allows them to produce capital goods. It is given by

� (i; k)

�0 > 0, �00 < 0

Where i is gross investment and � CRS. This technology allows for
convex adjustment costs. These are introduced in order to keep accu-
mulation of physical capital slow, in contrast to the fast moving working
capital.

Last, they have access to a search technology. This allows the entre-
preneur to initiate relationships with workers that provide good matches
for their production techniques. If in the beginning of a period they have
relationships with l workers, by the end of the period a fraction �L of
these will be dissolved for exogenous reason. If they invest v units of con-
sumption good in searching for new workers they will form 	(V;U)

V
v new

relationships.
All assets can be traded among entrepreneurs. In particular, this is

true for relationships with workers. One interpretation is that relation-
ships are speci�c not to the entrepreneur but to a particular blueprint that
only the entrepreneur has access to. To the extent that this blueprint can
be sold to other entrepreneurs, workers can change employers without
changing jobs. These transactions are akin to the change in ownership of
a �rm or part of a �rm. The new owner inherits the production blueprints
and the relationships with all existing workers. Note that capital is not
speci�c to the blueprint, so that workers and capital can be separated.

The value function of the entrepreneur is given by

J (b; n; k; l) = max
c;n0;k0;l0;i;v

u (c) + �E
�
�J
�
b0; n0; k0; l0

�
+ (1� �)u

�


�
b0; n0; k0; l0

���
s:t: : c+ n0 + qkk

0 + qll
0 +Rb+ v + i+ wl

= Amin fF (k; l)h; ng+ qk� (i; k) + ql

�
(1� �L) l +

	(V;U)

V
v

�
+ b0


 (b; n; k; l) = max
i;v

�
Amin fF (k; l)h; ng+ qk� (i; k) + ql

�
(1� �L) l +

	(V;U)

V
v

�
� i� wl � v �Rb

�
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The optimality conditions for the entrepreneur are

u0 (c) = �RE
�
�u0

�
c0
�
+ (1� �)u0

�


�
b0; n0; k0; l0

���
1 = qk�i (i; k)

1 = qL
	(V;U)

V
n = F (k; l)h

ql + Fl (k; l)h = E

�
(1� �L) q

0
l +A0Fl (k; l)h� w

R

�
qk + Fk (k; l)h = E

�
�k (k; i) q

0
k +A0Fk (k; l)h

R

�
The �rst condition is the euler equation for the entrepreneur. The lat-

ter two conditions equate the marginal cost of acquiring capital or employ-
ment relationships from other entrepreneurs with the cost of producing
them in house. The third condition stems from the Leontie¤ assumption
and states that variable capital has to be proportional to output. The
last two conditions are the euler conditions for acquisition of labor and
capital respectively. When calculating the cost of expanding in either of
these dimensions the entrepreneur takes into account that such expansion
can only be productive if he increases the amount of working capital n.

The marginal value of an employee is

Jl (b; n; k; l) = u0 (c) [AFl (k; l)h+ (1� �L) qL � w]

4.3 Wage bargaining

Wage is set by Nash bargaining between the entrepreneur and the worker.
Wage and hours of work are chosen in order to solve

max

�
Wl (a; l)

u0 (cw)

�� �
Jl (b; n; k; l)

u0 (ce)

�1��
In words, hours and wage are chosen such as to maximize a geometric

average of the marginal bene�ts to the di¤erent parts of the employment
relationship. These are normalized by the respective marginal utilities of
consumption, so that they are valued according to the numeraire good.
The parameter � re�ects the bargaining power of the worker. Using the
envelope condtions and the �rst order conditions for the problem of the
entrepreneur, the wage will be given by

w = �AFl (k; l)h+ (1� �) [g (1� h)� g (1)]

Hours will be chosen in order to maximize the total surplus. The choice
of hours will take into account not only the trade-o¤ between leisure and
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work, but also the fact that additional hours are only productive if the
appropriate amount of materials is bought in advance. The optimality
condition is

F (k; l) = E

�
AF (k; l)� g0 (1� h)

R

�
This last relation represents the core of the mechanism under consid-

eration. Hours worked depend negatively on the interest rate.

4.4 Tradables and Non-Tradables

The framework above accomodates a two sector model, with tradables
and non-tradables. For that purpose, assume that only the goods pro-
duced by some entrepreneurs are tradables, whereas the others have to
sell their goods in the domestic market. The ability to trade goods in for-
eign markets is speci�c to the entrepreneur but not to the capital they use
or the employment relationships that they hold. This implies that capital
and employment relationships can move freely between entrepreneurs in
di¤erent sectors.

The goods produced by entrepreneur are used in turn as inputs for
the production of consumption, investment, search or intermediate goods.
These di¤erent goods are assembled according to the production functions

c =

�


� 1
�

C

�
xT
� ��1

�
+ (1� 
C)

� 1
�

�
xNT

� ��1
�

� �
��1

i =

�


� 1
�

I

�
xT
� ��1

�
+ (1� 
I)

� 1
�

�
xNT

� ��1
�

� �
��1

n =

�


� 1
�

N

�
xT
� ��1

�
+ (1� 
N )

� 1
�

�
xNT

� ��1
�

� �
��1

v =

�


� 1
�

V

�
xT
� ��1

�
+ (1� 
V )

� 1
�

�
xNT

� ��1
�

� �
��1

Let the tradable good be the numeraire and s the relative price of the
non-tradable good. Cost minimization implies the following price indices

pC =
�

C + (1� 
C) s

��1� 1
��1

pI =
�

I + (1� 
I) s

��1� 1
��1

pN =
�

N + (1� 
N ) s

��1� 1
��1

pV =
�

V + (1� 
V ) s

��1� 1
��1

The problems of the entrepreneur and the working families remain un-
changed, except that now the di¤erent goods enter the budget constraints

18



preceded by the corresponding price indices and the revenue from sales of
non-tradable goods takes into account the relative price of non-tradables
s. The optimality and bargaining conditions become

u0 (c) = �RE

�
u0
�
c0
� pC
p0C

�

u0 (c)

pC
= �RE

�
�u0 (c0) + (1� �)u0 (
 (b0; n0; k0; l0))

p0C

�
pI = qk�i (i; k)

pV = qL
	(V;U)

V
n = F (k; l)h

ql + pNFl (k; l)h = E

�
(1� �L) q

0
l + �0A0Fl (k; l)h

R

�
qk + pNFk (k; l)h = E

�
�k (k; i) q

0
k + �0A0Fk (k; l)h

R

�

F (k; l) = E

�
~sAF (k; l)� p0Cg

0 (1� h)

R

�
w = ��AFl (k; l)h+ (1� �) pC [g (1� h)� g (1)]

With

� = 1 if entrepreneur is in tradable sector

� = s otherwise

4.5 Borrowing Constraints

The sale of assets as well as any output produced by the entrepreneur
requires some transmission of expertise to the buyer. Such transmission
can be veri�ed, but it cannot be enforced since, in the language of Hart
and Moore, expertise is inalianable. This implies that the sale of assets can
occur in a spot market, but entrepreneurs cannot commit to transmitting
them in the future.

In this case, when planning future production and purchasing the req-
uisite assets, the entrepreneur is able to convey part of the expertise nec-
essary to enjoy full bene�t of the output that will be produced. With that
expertise, the outsider is able to capture a fraction � of the output in the
following period.

Ex-post entrepreneur and outsider bargain about the division of the
output. This takes place after output is produced, which is to say, after
wages and investment are paid for. The bargaining protocol is as follows:
The entrepreneur makes a take it or leave it o¤er to outsiders. These in

19



turn are able to walk away from any o¤er with full control of all property
owned by the entrepreneur. After bargaining is concluded the relationship
between entrepreneur and �nancier is terminated and any records about
the negotiatio are erased. The entrepreneur will thus under all states of
nature o¤er a fraction � of all goods in his possession and the outsiders will
accept it. This contract has the structure of an equity contract. Note that,
under this formulation, there is no possibility of monetary mismatches or
debt overhang driving the response to interest rate shocks.

The contract induces the borrowing constraint

R0b0 � �E

�
A0min

�
�

�
k0

l0

�
lh; n

�
+ qK�

�
i0

k0

�
k0 + qL

�
(1� �L) l

0 +
	(V;U)

V
v0
�
� v0 � w0l0 � i0

�
Note that if � = 1 the credit friction disappears as the entrepreneur

will be able to pledge essentially all his future wealth. If, however, � = 0,
all �nance is done through retained pro�ts.

If borrowing constraints bind, all the conditions above remain as be-
fore, except that the discount rate used by the entrepreneurs change.
Namely, instead of given by the inverse of the international interest rate
R, the discount rate becomes

1
~R
=

�

R
+ (1� �)

pC
p0C

��
��

u0 (c0)

u0 (c)
+ (1� �)�

u0 (
 (b0; n0; k0; l0))

u0 (c)

��
The discount rate is the weighted average of three components. The

�rst re�ects the discount rate of lenders, which is just the inverse of the
interest rate. Its weight is equal to the fraction of output that will be re-
ceived by lenders. The second and third re�ect the intertemporal trade-o¤
faced by the entrepreneur. With probability � the entrepreneur survives,
in which case his consumption will be c0, but with probability 1 � � he
does not, in which case he consumes all his wealth. The �rst term can be
interpreted as the cost of external �nance, whereas the second and third
terms re�ects the cost of internal �nance.

In the presence of binding borrowing constraints it is important to
keep track of the evolution of entrepreneurial wealth. This will be given
by the �ow of funds constraint that they face. The borrowing constraint

will bind so long as E
h
R
~R

i
� 1

4.6 Aggregation and Market Clearing
Aggregation can be achieved under the assumption of homothetic prefer-
ences together with constant returns to scale technologies. Under these as-
sumptions, consumption, input choices and output are all linear in wealth.
Aggregate variables will be designated by capital letters, whereas small
letters will be used for individual variables. Primed small letters will, as
before, denote the (possibly state contingent) decisions made about the
future by existing individuals, but the capital letters will incorporate the
decisions of newly born ones.
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First consider the consumption of families. Since families do not age,
their human wealth is identical and equal to �, where � satis�es the
recursive relation

E

"
�0

R
'

#
= ��

X
wsLs

s indexes the sector in which di¤erent family members are working in.
Consumption of families is given not only by what they purchase in

the market, but also by their leisure (or home production) and is de-
noted as above by z. It is proportional to their wealth. With homothetic
preferences, the Euler condition for families can be written as

1 = �RE

�
u0
�
z0

z

��
In aggregate, z = Z. However, since there will be new families entering

in next period, z0 is a fraction of total consumption Z

z0 =
'
�
�0 � R

'
B0
�

'
�
�0 � R

'
B0
�
+ (1� ') �0

Z0

Entrepreneurs do not own human wealth. However, if they face bor-
rowing constraints, they need to endowed with some wealth when they
are born. This will be !0. Their consumption euler equation is

1 = �E

�
~R

�
�u0

�
c0

c

�
+ (1� �)u0

�

 (b0; n0; k0; l0)

c

���
Since newly born entrepreneurs have essentially zero wealth, it follows

that

C0 = �c0

The euler equations for factor choices remain all as before with capital
letters substituting for the small caps.

The market clearing conditions are

Z �
X

g (1� hs)Ls + g (1) (1� L) +
X

Cs =

�


� 1
�

C

�
XT
C

� ��1
�
+ (1� 
C)

� 1
�

�
XNT
C

� ��1
�

� �
��1

I =

�


� 1
�

I

�
XT
I

� ��1
�
+ (1� 
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� 1
�

�
XNT
I

� ��1
�

� �
��1

N =

�


� 1
�

I

�
XT
N

� ��1
�
+ (1� 
V )

� 1
�

�
XNT
N

� ��1
�

� �
��1

V =
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� 1
�

V

�
XT
V

� ��1
�
+ (1� 
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� 1
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�
XNT
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��1

XNT
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4.7 Non Stochastic Steady state

In steady state

Z0 = Z

K0 = K

C0 = C

Also, normalize w = s = 1.
From these it is straightforward to show that in all sectors

1

� ~R
=

1

�R
� + (1� �)

�
�u0

�
1

�

�
+ (1� �)u0

�

 (B;N;K;L)

C

��
Since � < 1 and 
 (B;N;K;L) > C,

�u0
�
1

�

�
+ (1� �)u0

�

 (B;N;K;L)

C

�
< 1

Thus if �R = 1

1
~R
<
1

R

In steady state the discount rate of entrepreneurs will be higher
than the foreign interest rate, so that the borrowing constraint will bind.
The solution method consists of performing a �rst order approximation
around the steady state11 . So long as the economy remains close enough
to steady state, the assumption of binding constraint is without loss of
generality.

5 Calibration and quantitative exercises

In order to calibrate the model, assume the following functional forms

11 I solve the model using Dynare v.4
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F (k; l) = k�l1��

� (k; i) =

"
1 + �K

"
�

1� �

�
i

�Kk

� ��1
�

� 1
##

u (c) =
c1��

1� �

g (1� h) = M + �
(1� h)

1� 1
 

1� 1
 

g (1) = M + !
�

1� 1
 

	(V;U) = �V � (1� L)1��

The parameter M is introduced to make sure that leisure is positive
in steady state. It is chosen so that remaining leisure time for a worker
is worth roughly 20% of her income. The calibrations are presented in
the table below. The non-standard parameters which are central to the
model are the rate of production to inputs A and the probability of death
of an entrepreneur. I set A = 2, re�ecting the observation that, for most
countries, aggregate value added is roughly half of the value produced,
where the di¤erence between the two is accounted for the production of
intermediate inputs. The probability of death of an entrepreneur is chosen
so that the steady state rate of return on entrepreneurial investment is
9% a year. This is calculated taking the median spread between deposit
rates and the rate charged to prime borrowers in emerging markets12 .
The mapping is adequate if entrepreneurs de facto are able to get as
much �nance as they want, only at the higher rate. In this case the
spread would provide a measure of the wedge between the cost of capital
for a typical, low risk entrepreneur and the cost of deposits. However,
more realistically the entrepreneurs face and upward sloping interest rate
schedule, more akin to the one in the model. In that case, the spread used
in the callibration is a lower bound.

For most of the other parameters I use calibrations taken from other
papers in the literature. In particular, the labor market parameters are
taken from Andolfatto (1996) [24] and the shares of tradables and non-
tradables are taken from Kehoe and Ruhl (2008) [10]. Also steady state
interest rate is 4% a year and � is such that �R = 1 in steady state. The
elasticity of value added to capital � is chosen so that the labor share of
income is 1

3
. The two will not be the same, since entrepreneurs have to

be compensated for advancing working capital. Finally, in order to focus
the interpretation of the results on the e¤ects of inventory behavior, I
impose the Hosios [25] condition on the bargaining power of workers, thus
assuring that the labor market dynamics conforms to that of a planned
economy13 .

12This data is available in the World Developing Indicators database.
13While results do not look as clean with, say, equal bargaining shares, they are essentially

the same.
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Finally, for experiments using credit constraints, I calibrate � so that
the credit to private entrepreneurs/GDP ratio will be equal to 50%, which
is in the ball park of the deposit bank credit to the private sector to GDP
ratio in emerging markets. This implies a fairly low �, of around 8.5%.

Most of the exercises are done without adjustment costs to capital.
When introduced, they will be such that the elasticity of investment/capital
ratio to the price of capital relative to that of investment is equal to 2.

5.1 The one sector economy

The �rst simulation exercises are performed in the context of a one sec-
tor economy without credit frictions or adjustment costs to capital. On
impact there is substitution of capital for labor, generating a rise in em-
ployment. This is compounded by the adjustment costs to employment
implicit in the search technology, which makes the rise in employment
persistent. In spite of that, output and TFP drop on impact and then
converge back to steady state due to the loss in �xed capital and hours.
Output and TFP converge back to steady state along.on an exponential
path, fairly much in line with the movement in the interest rate. The
drop in output and TFP are extremely large, in e¤ect much larger than
in actual sudden stop episodes. There is no sign of a v shaped recovery
pattern followed by a slower convergence as in the data.

The results look more realistic if ajdustment costs to capital are in-
troduced. Employment drops on impact and there is a noticeable v-shape
pattern followed by some stagnation on TFP. This re�ects the di¤erence
in adjustment times for variable and �xed capital. Also the drop in output
is within the ball park of what was experienced by economies who were
exposed to sudden stops, at around 7%. The simple one sector model
without credit frictions but with adjustment costs to capital appears to
do a fairly good job in replicating some the major stylized facts.

One interesting metric is the wedge in hours demand implied by the
complementarity with variable capital. This is de�ned as

�wAF (k; l) � AF (k; l)� g0 (1� h) l

= RF (k; l)

Where the second equation follows from the FOC of the entrepreneur.
It follows that in the frictionless economy the wedge is proportional to the
interest rate. This wedge induces part of the reduction in hours and TFP
observed during the crisis.

The v-shape in output and TFP re�ect the slow adjustment of �xed
capital. The reason is that in the model, capacity utilization is higher
whenever labor productivity is high. Thus, TFP movements occur not
only as a response of the wedge induced by the interest rate, but also by
movement in capital. In the beginning the dominant force is the wedge,
as the interest rate is high, and the mean reversion of the interest rate
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drives the mean reversion of TFP. Later on the level capital stock remains
low for long, keeping TFP depressed after the initial convergence.

Not much happens in an economy with credit constraitns. The calibra-
tion implies a very low ratio of external to internal �nance. This implies
that entrepreneurs will not respond much to shocks in the interest rate,
as that responds for only a small fraction of their cost of capital. This is
also true if adjustment costs are allowed for. Such costs could in principle
allow for a similar mechanism to the one in Kiyotaki and Moore [26] to
operate. However since all entrepreneurs are equally little exposed to the
interest rate shock, there is not enough drop in investment to generate an
substantial ampli�cation mechanism through capital and collateral.

5.2 The two sector economy
The main purpose of this section is to inquire into how robust is the
drop in TFP predicted by the model to the introduction of a multi-sector
economuy. In a similar setting Kehoe and Ruhl [10] have found that it
is hard to generate a signi�cant drop in TFP from capacity utilization
because while the non-tradable sector choses to economize capacity, the
tradable sector choses to expand its use, so that the net e¤ect is small or
ambiguous.

The aggregate variables for this economy look very similar to the one
sector economy. This is because while aggregate labor and capital may be
hard to adjust, there is almost no constraint on sectoral readjustment. The
sectoral allocation is accordingly very volatile and moves in such a way as
to keep the relative price of non-tradables constant throughout. The only
exception is the �rst period, the reason being that the sectoral allocation
of labor and capital has to be decided with one period in advance. With
perfect factor mobility, the marginal productivity of labor is identical in
both sectors, and so are hours and TFP.

The only notable di¤erence with the one sector economy is that, be-
cause sectoral reallocation can only occur after one period, in the period
of the shock the drop in investment and consumption induce a drop in
the exchange rate. This reduces the price of capital and keeps labor pro-
ductivity high for longer. In the model with adjustment cost thise¤ect is
su¢ cient to generate a short boom in capital/labor ratio and TFP.

5.3 Two sectors with credit constraints
Credit constraint acquire an interesting role in the two sector economy.
The initial channel is through consumption. Household consumption
drops with the interest rate shocks, driving down the relative price of
non-tradables. This movement is persistent, as the credit constraint slows
down the equalization of marginal productivities of capital and labor
across the two sectors. Moreover since investment goods are partly non-
tradable, this movement in relative prices feeds into the price of capital,
generating ampli�cation.

In this setup, the opportunity cost of investment in variable capital is
given by the marginal productivity of �xed capital. Linearizing the condi-
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tions for capital and hours around the non-stochastic steady state taking
the decisions of the entrepreneurs as given generates approximations for
changes in the rates of return on �xed and variable capital:

R̂k = (1� �) q̂0k � q̂k + �

�
A

A+R
�̂0 � R

A+R
p̂N

�
R̂n =

A

A+R
�̂0 � R

A+R
p̂N

Where

�̂ = ŝ for non-tradables

�̂ = 0 for tradables

The rate of return on �xed capital is given primarily by the expected
movements in its price, whereas for variable capital it depends only on the
di¤erence between the expected sales price and the price of inputs. Thus,
the entrepreneur will chose low investment in variable capital whenever
the price of �xed capital is expected to rise. This is precisely what happens
on the onset of the crisis. As consumption and investment drops, the price
of �xed capital becomes very low. However, the mean reversion is quick,
as sectoral allocation adjusts in response to the incentives given by the
new set of relative prices. This implies a very high return on �xed capital,
which leads to a drop in variable capital, hours and measured TFP.

The rate of return on variable capital is given primarily by the di¤er-
ence between the price of output and the price of variable capital. This
will be di¤erent for entrepreneurs in the di¤erent sectors. The change in
the price of working capital p̂N is approximately an average between the
change in the price of non-tradables and the price of tradables. Hence,
if the relative price of non-tradables is at least somewhat persistent, the
return on variable capital will be high for producers of tradable when the
relative price of non-tradables is low and vice versa. This implies that
TFP in the tradable sector will be higher than that of the non-tradable
sector whenever the price of non-tradables is low, the opposite being true
when it is high. This e¤ect will imply that capacity utilization will in-
crease in the tradable sector a little after the crisis, as in Kehoe and Ruhl
[10]. However, due to the �rst e¤ect, it is still low enough that, on net,
TFP drops.

The model generates a mild dampened oscillation as the relative price
of non-tradables overshoots its long-run level, re�ecting the continuing
imbalance between the two sectors. After only a few periods, TFP in
the tradable sector is above steady state as entrepreneurs in that sector
take advantage of the cheap inputs. The rapid capital accumulation in the
tradable sector the drop in output and TFP is short-lived. After about two
years, TFP turns positive in the non-tradable sector as well. Essentially,
the boost to the tradable sector promoted by cheap inputs leads to a
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relative scarcity of non-tradable goods and a high price of capital. The
precise reverse dynamics as before ensues, but only more dampened.

6 Summary and Conclusion

The simple addition of variable capital to a small open economy real busi-
ness cycle is able to generate many of the dynamic responses to interest
rates found in the data, including drops in measured TFP. Unlike as-
sumptions about transactions technologies made in previous papers, this
addition has the advantage of being based on a readily measureable quan-
tity, the intensity of variable capital in the production function of �rms.
Analysis of industry and �rm level data around sudden stop events reveals
that this is a plausible channel. First industries/�rms which are intensive
in variable capital experience a larger drop in productivity and sales in
the crisis years. Second, this drop appears to be particularly large for
�rms in industries where typically markups are high. This second �nding
is interpreted as implying that �rms are able to rely on internal funds
are going to perceive a less intense increase in the cost of capital during
the crisis. This �nding helps to rule out a demand channel to explain the
correlation between working capital intensity and reaction to the �nancial
shock.

Simulations of a dynamic general equilibrium model gives some extra
insight on how the �nancial shock feeds into the economy when variable
capital is an important input. With the presence of adjustment costs to
capital, the model is able to generate fairly realistic dynamics in response
to the �nancial shock. The addition of non-tradables in combination to
the adjustment cost generates a counter-factual spike in output after the
crisis. This spike disappears if credit constraints are allowed for. More-
over, such credit constraints generate interesting dynamics, since in such
an economy the opportunity cost of variable capital is given primarily
not by the interest rate but by the dynamics in the relative price of non-
tradables.
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7 Appendix

In order to construct industry level measures of TFP change, start from
the capital accumulation equation:

Kt+1 = (1� �)Kt + It

Rewrite this as

Kt+1 �Kt

Kt
=

It
Kt

� �

=

�
It
�Kt

� 1
�
�

The major problem is to have a reliable measure of Kt. However, the
time series for investment in UNIDO are relatively short and subject to
changes in methodology, so that applying the perpetual inventory method
is impractical. Rather, the idea is to use a short series of recent observa-
tions on investment to estimate �Kt. Close to steady state

It �= �Kt

So that if the economy was not too far away from steady state invest-
ment in recent periods,

Kt
�= 1

�

PS
s=1 It�s

S

The depreciation of capital was set to 8% for all industries.
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Most probably this will provide an overestimate of capital since the
years before the crises were periods where investment was probably above
its steady state level. In any case, the calculations above suggest that the
impact of a percentage drop of investment on the growth rate of capital is
of the order of It

Kt
�= �. Hence, unless the drop in investment is an order

of magnitude greater than the drop in labor productivity, it is likely that
the latter is a very good proxy for the drop in TFP.

Table 5 - Calibration Parameters
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Figure 2: Capital does not drop as much as GDP around crises dates
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Figure 3: Employment does not drop as much as GDP around crises dates
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Figure 4: GDP and TFP drop in tandem around crises dates
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Parameter Value Target/Source
� 2
' 0:9971 60 years half life
� 0:9901 R�1

 1
2

Andolfatto (1996) [24]
� 1:98 Workday = 1

3
(Andolfatto (1996))

M 3:2317 g(1�h)
w

= 20%
! 1:6735 w = 1 in steady state (normalization)
� 0:6 Andolfatto (1996) [24]
� 1� � Hosios�s [25]scondition
� 0:4459 L = 57 and V

Y
= 5% in steady state (Andolfatto (1996))

�L 0:15 Andolfatto (1996) [24]
� 0:2189 Labor share = 1

3

A 2 Output
Value Added = 1

2

� f2;1g 2 from Gertler et al. [9]
�k 0:025
� 0:75

C 0:23 Kehoe and Ruhl [10]

I 0:45 Kehoe and Ruhl [10]

N 0:70 Kehoe and Ruhl [10]

V 0:23 
C
� 0:0630 Credit

GDP = 50%
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Figure 8: Impulse responses for one sector economy with adjustment cost. Re-
sponses have realistic size and direction.
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Figure 9: Model with one sector and credit frictions. The responses are an order
of magnitude smaller than when credit frictions do not exist
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Figure 10: Two sectors, no adjustment cost or credit frictions. After a short
lag, the reaction of the two sector economy is almost identical to that of the one
sector.
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Figure 11: Two sectors and credit constraints (no adjustment costs in capital).
There is pronounced v-shaped response in TFP followed by slow reversal growth.
Economy exhibits oscillating pattern as output and TFP overshoot long run level
in recovery
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Figure 12: The main determinant of aggregate TFP in the economy with credit
constraints is the expected valuation in capital. If this is high, entrepreneurs
seek to transfer resources from variable capital into �xed investment, drawing
TFP down.

44



0 2 4 6 8 10 12
­0.03

­0.025

­0.02

­0.015

­0.01

­0.005

0

0.005

0.01

0.015
Relative price of  non­tradables and dif ference in measured TFP

Rel. Price of  NT
TFP non­trad ­ TFP trad

Figure 13: The di¤erence in TFP between sectors follows the level in the relative
price of the non-tradable good. TFP is larger in the tradable sector when the
relative price is relatively depreciated and vice versa.
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