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Resumen
Este articulo analiza € rol e las imperfecciones del mercado financiero en una versién smplificada

para un modelo con dos paises. La heterogeneidad financiera entre los paises es modelada a través de
las diferencias de apalancamiento (leverage). El andliss muestra que las economias con ato
apaancamiento son especia mente vulnerables frente a recesiones de la economia mundial. Hasta qué
punto & apalancamiento magnifica los shocks a la economia mundia depende de la naturaleza de la
perturbacion. En presencia del acelerador financiero, es mas probable que los shocks de oferta
especificos a capital sean menos desestabilizadores que aquéllos shocks que no sean especificos al

capital.

Abstract
In this paper, we consider the role of financia market imperfections in a smplified version of a two-

country moddl. We model cross-country financial heterogeneity through differences in leverage. We
show that high leverage economies are particularly vulnerable to sow-downs in the world economy.
The degree to which leverage magnifies shocks to the world economy depends on the nature of the
disturbance. In the presence of the financial accelerator, supply shocks that are capital specific are
likely to be less destabilizing than supply shocks that are disembodied.

I wish to thank Rodrigo Fuentes and L uis Ahumada.
E-mail: sgilchri@bu.edu.



| NTRODUCTI ON

This paper explores the role of financial markets in the international
transm ssion mechanism in the context of a two-country general equilibrium
nodel. | incorporate realistic frictions wth respect to the externa
financing of investnent, and | calibrate these frictions to reflect inportant
differences in lending institutions between developed and devel oping
econoni es. The paper focuses, in particular, on the role of Ileverage in
transmtting shocks from devel oped economes to devel oping economes. The
results inply that high-leverage econonmies are particularly vulnerable to
external shocks, and that asymmetries between I|ending conditions across
econonmies provide a strong source of transmi ssion for shocks from devel oped
to devel oping economies. Furthernore, slowdowns in econonic activity are
severely anplified by financial frictions. The nodel inplies that the degree
of anplification is directly related to the degree of Ileverage in the
econony.

In many developing economies, firms face significant capital market
i nperfections when raising external funds to finance new investnment projects.
These frictions stem from underlying asymretries of information between
borrowers and |enders. To overcomng these frictions, |enders nust either
engage in costly nonitoring activities or require significant Ilevels of
collateral when financing investnment projects. |In such an environnment,
fluctuations in world demand lead to fluctuations in asset values that
i nfluence the overall level of self-financing. A contraction in demand causes
asset values and hence net worth to fall relative to financing needs. As a
result, borrower balance sheets deteriorate, and financial internediaries
i ncrease the premiunms on external funds. Rising prem unms on external finance
cause further contractions in investnent spending and output. In an
international setting, shocks nmay be rapidly transmitted across countries
owing to their effect on foreign asset valuations and thus on borrower net
wort h.

The | ending nechanism outlined above represents a transmi ssion channe
i nking bal ance sheet conditions to real spending decisions. Countries where
the share of investnment financed through external funds is high are likely to
experience significant amplification of shocks through such a channel. This
channel is also likely to be influential in countries where the health of the
financial systemis weak.

In this paper, | use the two-country nodel outlined in Glchrist, Hairault,
and Kenmpf (2002) to assess the role that I|everage plays in transmtting
shocks across countries. Glchrist, Hairault, and Kenpf specify a two-country
world economy that incorporates the financial accelerator nmechanism outlined
in Bernanke, GCertler, and Glchrist (1999). Céspedes, Chang, and Vel asco
(2000) and Certler, Glchrist, and Natalucci (2003) develop nodels of the

financial accelerator for small open-econony settings under alternative
exchange rate reginmes. Devereux and Lane (2001) also study the role of the
financial accelerator in small open econonmy settings. Natalucci (2001)

considers a three-country nodel where two snmmll economies interact with a
larger “rest of the world” econonmy. Faia (200l1a, 2001b) develops a two-
country nodel simlar to Glchrist, Hairault, and Kenpf, focusing on the
positive and normative properties of different exchange rate regi nes.

Section 1 presents a two-country nmodel of the world econony. This nodel is
a two-country variant of the dynam c new Keynesian framework specified in
Glchrist, Hairault, and Kenpf (2002). To adapt this franmework to study the

links between financi al conditions in developing economes and the
international transm ssion of shocks, | nodify the nodel in two Kkey ways.
First, | allow for inconplete markets in the household sector, which inplies

the realistic assunption of inperfect risk sharing between the two countries.



Second, | allow for a significant degree of heterogeneity in the severity of
bal ance sheet conditions across the two econonies. Here | focus on one source
of heterogeneity: the degree of |everage or, equivalently, the anount of
sel f-financing. The specification of a world econonmy in which cross-country
differences in financial performance reflect different degrees of |everage
effectively focuses the study on what | consider to be the mmjor source of
fi nanci al vul nerability t hat pl agues devel opi ng econoni es during
i nternational downturns—anely, weak balance sheets owing to over-extended
credit positions.

An additional contribution of this paper is to provide a sinplified and
somewhat stripped down version of the Bernanke-Gertler-Glchrist nopdel that
is relatively straightforward to calibrate and solve. In doing so, | assune
away sone of the steady-state conplexities of the Bernanke-Gertler-G | christ
model by assumi ng equal external finance premuns in steady state.?

| further sinplify the dynamic analysis by assuming that entrepreneurs
consune no resources and that the direct resource loss stemmng from
monitoring costs does not influence macroeconom ¢ dynamics. The latter
assunption is equivalent to assuming that although the marginal cost of
external funds varies over the business cycle and has inportant macroeconom c
consequences, the inframarginal costs associated with resources consunmed by
monitoring firms are unlikely to have quantitatively significant effects on
the econony, at least in a neighborhood of the steady state.? This stripped-
down version of the Bernanke-Gertler-Glchrist nodel is both nuch sinpler to
work with and nore straightforward to calibrate than the original. 1In
particular, the financial frictions can be sumuarized by two key paraneters:
the elasticity of the premium on external funds with respect to |everage and
the degree of leverage itself. Both of these paraneters influence node
dynamics in fairly obvious ways, and both paraneters are also easily
understood from a calibration perspective.?

Finally, I also extend the Bernanke-GCertler-Glchrist framewirrk to
i ncorporate not only the usual shocks to demand and supply through shocks to
preferences and di senbodi ed technology, but also shocks to technol ogy that
are enbodied in capital. My notivation for this extension is twofold. First,
numer ous recent papers attribute a large fraction of both overal
technol ogi cal change and the recent U.S. productivity boom to technol ogy
enbodied in new capital goods (G eenwood, Hercowitz, and Krussel, 1997,
Glchrist and WIllianms, 2002). It is interesting to study the role of such
shocks in an international setting. Second, the dynamic inplications of such
shocks are |less than straightforward in the presence of a financia
accelerator. In particular, an increase in technol ogy enbodied in new capita
rai ses asset prices through its effect on increased investnent demand, but it
| owers asset prices since existing capital is now worth | ess than new capita
goods. In such a setting, the overall effect of an expansion in technol ogy on
t he bal ance sheet is anbi guous.

1. BEwPI R CAL EVi DENCE ON CROSS- COUNTRY LEVERAGE PATTERNS

Thi s paper focuses on the role of |leverage in anplifying the cross-country
transm ssion of shocks. The nodel inplies that high-leverage econonmies are

1. This may be formally justified by the introduction of steady-state subsidies that
elimnate cross-country differences in capital-labor ratios owing to capital market distortions.

2. For large shocks, resources devoted to nonitoring could be sizeable owing to the inherent
nonlinearities in the contracting framework used by Bernanke, CGertler, and Glchrist. Since the
nodel is |log-linearized, however, it does not capture such effects.

3. Although not reported here, a conparison of the fully articulated two-country version of
the Bernanke-Gertler-Glchrist nodel specified in Glchrist, Hairault, and Kenpf (2002) and the
nmodel enpl oyed in this paper produce only mnor differences in nodel dynamics.



nore prone to financial instability caused by the financial accelerator
mechanism than are |owleverage economes. Wile formally testing this
proposition enpirically is beyond the scope of this paper, it is instructive
to consider the variation in leverage ratios that occurs across countries

Facci o, Lang, and Young (2002) report Ileverage ratios for Asian versus
European firns using a sanple of 3,448 nonfinancial corporations for 1996

the year that preceded the Asian financial crisis (see figure 1). Asian
country |everage ratios are, on average, 31.8 percent; the conparabl e nunber
for European countries is 19.98 percent. Wth the exception of Japan, the
Asian countries are all enmerging market or newly industrialized countries.
The three countries wth the highest |everage ratios—+ndonesia (35.3
percent), Thailand (40.58 percent), and South Korea (52.3 percent)-were hit
particularly hard by the Asian financial crisis.

[figure 1 about here]

Simlar results are obtained if the United States and other devel oped
western econonies are considered. It is harder to see a direct |ink between
stage of developnent and |everage ratios, however, when the sanple is
expanded to include a broader base of countries from different regions. Based
on the reported values in Booth and others (2001), sone devel opi ng econonies
such as Mexico and Brazil appear to have relatively low |everage ratios,
whereas others such as South Korea have extremely high | everage ratios. Wile
many factors determne capital structure, it is plausible that an initia

round of financial liberalization and growh |eads to increased indebtedness,
making countries such as |Indonesia, Thailand, and Korea particularly
vul nerable to shocks that are transmitted across countries. It is this

mechani smthat | explore in the nodel devel oped bel ow"

2. A Twp- COUNTRY MODEL W TH FI NANCI AL ACCELERATOR

This section develops a general equilibrium framework that incorporates
capital market inperfections into an international environment. | first
specify a two-country nodel w thout financial frictions and then show how to
incorporate financial frictions in a sinple yet tractable nmanor. This
framework allows ne to analyze the effect of financial heterogeneity that
characterizes financial nmarkets in developed and devel oping econonies. To
focus on the effect of such heterogeneity, as well as to keep the analysis as
sinple as possible, | assunme that the two countries are otherw se identical

[Figure 1 about here]

The main source of financial heterogeneity in the nodel is differences in
cross-country |everage ratios. In the Bernanke-Gertler-Glchrist framework,
| everage is endogenous and reflects the deep paraneters in the nodel that
govern the costs of nonitoring firns, the variance of unobservabl e shocks and
the extent to which entrepreneurs discount the future relative to househol ds.
I ndeed, nunerical sinulations of the steady state of the Bernanke-Gertler-

Glchrist nmodel inply that leverage is directly increasing in the rate at
whi ch entrepreneurs fail for exogenous (nonfinancial) reasons. As
entrepreneurs fail at a faster rate, their accunulated net worth is

di ssipated. The primary effect of raising entrepreneurial failure rates is
thus to lower net worth and raise the amount of debt relative to equity held
by the entrepreneurial sector. To the extent that devel oping econoni es have

4. Even within Europe, the countries with the highest |everage ratios over the 1981-91 peri od
are Finland, Sweden, and Norway (Denirgic-Kunt and Maksinovic, 1999). These countries were all
subj ect to major contractions owing to financial instability during the [ate 1980s



hi gher exogenous failure rates, | would expect them to have higher |everage
rati os according to this logic.?®

The core nodel corresponds to a two-country nonetary econony under a
flexi ble exchange rate reginme. Gven nultiple currencies, it is necessary to
convert all prices in to the sanme currency unit. | use the domestic currency,
whi ch introduces the nomi nal exchange rate, e, in the foreign representative
househol d’s optinization problem The real value of any price is then
expressed in the domestic conposite good using the real exchange rate, A for
the foreign country real aggregates.

Both countries are simlar in size and structure and are characterized by a
conti nuum of agents of equal neasure. Labor is imobile. Each country is
specialized in the production of one good, but consuners in any country
consune both goods. Consequently, there is trade across countries.

| assume inconplete nmarkets: households have access to real and nom na
bonds but do not have access to a conplete set of contingent assets. There is
i mperfect conpetition on the good markets, allowing the introduction of
nomnal rigidities due to price contracts a |la Cal vo.

2.1 Househol ds

The representative infinitely lived household in each country chooses
consunption, C, and leisure, L, where 1 — L =H is equal to the working
period remunerated at a rate of w, which is expressed in terms of the good
produced | ocally. Consunmption, C, is a conposite of the two goods indexed by
1 for the good produced in the donestic country and 2 for the good produced
in the foreign country.®

1-g
C:ﬁ. (1)
¢ 9)
Simlarly the conposite good for the foreign consuners is defined as:
1gtg
c =5 G <, (2)

o¢-9f
with g7 [0, 1]. | define a price index for the domestic country as
P :Plgpzl-g’
and for the foreign country as

P =P "%P,",

5. This suggests that it would be useful to consider the effect of allow ng entrepreneurial
failure rates to differ across countries and then study the dynamc inplications of such an
assunption. In a closed-econony setting, it is relatively straightforward to start from such deep
paraneters to determne steady-state |everage ratios and how econom c responses might vary
accordingly. In the two-country nodel, such an exercise is conputationally intractable, however,
because it produces differences in the steady-state capital-labor ratios across countries and
leads to problenms with nunerical convergence. In addition, other nodel paraneters contribute to
hi gher |everage. Since ny goal is to understand the effect of |everage on the econony, it is much
more straightforward to manipulate the leverage ratio that enters the log-linearized nodel,
rather than the deeper structural paraneters that influence this ratio in a less direct manner

6. The foreign country variables are denoted by an asteri sk.



with P, (Pi*) being the price of the good i expressed in the hone (foreign)

currency. | assune throughout the paper that the | aw of one price holds.
Househol ds are assuned to have access to international markets through one-

peri od noncontingent bonds. To price the real interest rate, R and the

nom nal interest rate, R in each country, | assune the existence of

noncontingent real clains, B, and nonmnal clains, B", traded in Iloca
financi al markets.

The instantaneous utility, U, depends on three argunents: consunption, rea
bal ances, and leisure. The utility function is assuned to be separable:

1-s

10 L ,
_+C|H 1 s —_withq,, >0g, >0,

i
UgCt,— L, 2;—exp( )log C, +a, Iogg

where M_i/ P, is the present real value of the npney stock transferred fromthe
previous period and u; represents a preference shock that influences the

margi nal utility of consunption.
The representative household in the donestic country is assumed to nmaxim ze
the expected discounted sumof its utility flows:

Etéa b’ UéCn Mos Hta_;

subj ect to the budget constraint, denom nated in |ocal currency as

Ct + Bt +i+&£ R[-lB['l + RFt)l Btr-]l + MPt-l +WlHt +t_t7

t t t t t

where t is the total lunp-sum transfers received by the donestic househol ds
fromthe nonopolistic firms and fromthe central bank

The first-order conditions for |eisure, consunption, real bond, and nom nal
bond are’

- H)F W (3)

ug¢ =1, (4)

bEtgLE£3—2=l, and (5)
el, o

bE Z'—Rﬂﬂ (6)
13 é+pm£ ,

where p; represents consumer price index (CPl) inflation.

7. In what follows, | specify a nonetary policy rule in ternms of the nominal interest rate.
Gven that real balances are separable in the utility function, | can effectively ignore the
first-order condition with respect to real bal ances.



The representative household in the foreign country mexim zes the expected
di scounted sumof its utility flows:

M CD
EeabUgC[,—l H.
Bi-0 e Pt m

subject to the followi ng budget constraint, witten in terms of domestic
consunpti on goods as the nuneraire:

QI +GBI + BT + LM,
t

t-17t-1

£GR B, +R08 B + & M +qwH + &t
Pt Pt PI
where e denotes the noninal exchange rate and G denotes the real exchange

rate: G = eP*/P.
The anal ogous foreign household first-order conditions are:

gy (1- H)=1'W/G, (7)
ug =1'G, (8)
BE gR G“l Ll :—1, and (9)
e Gl
é . u
6o n* Gl+1I t+1 l:l—
BEtg? R s I (10)
e é‘+pt+1)j
From equations 5, 6, 9 and 10, | obtain the Fisher fornulas:
@& pn a
EEEGIHl ——-R,%=0 and (11)
| t @1+pt+1 Eﬂ
el 53 Rn* *CU
E eng - R, «=0. (12)
8l é+p. A

| also have the arbitrage condition,

&| O &) C
E1§b t+1:_
&1, g & tQ

which inplies uncovered interest rate parity.

(13)



Pr oducti on

The producers in both countries produce inperfectly substitutable goods
with capital and |abor. Each country specializes in the production of a
single good. The production sector in each country is divided into a
monopolistically conpetitive retail sector and a conpetitive wholesale
sector. Wholesale firnms are run by entrepreneurs who purchase capital and
hire | abor from households to produce a whol esale good that is sold to retail
firms. Retail firms differentiate the whol esal e goods at no resource cost and
sell them to households. Gven that the retailers are price setters, this
structure allows the introduction of nonminal rigidities while maintaining a
constant-returns-to-scale assunption in the wholesale sector, which is
necessary for aggregati on when financial market inperfections are introduced.

The retail goods form the national conposite aggregate that is converted
into consunption and investnment goods. The retail firms price index defines
the aggregate price level, P; and Py*. Profits from retail activity are
rebated in lunp sumto households. | nodel nominal rigidities by means of the
Calvo pricing assunption: a given retailer is free to change his price in a
given period only wth probability 1 — z The retailer pricing decision
i mplies the new Keynesian Phillips curve:

Py, =km + bE (plt+l)’

wher e
EEP ¢
p,, =logg—="-= and
11 £
P =mPY,

with mdenoting the mark-up and Pi the price of the whol esale good produced
in the donestic country. As usual in Calvo-style price contracts,

. )

The foreign condition is anal ogous:

Pa; =- k”l* + bEt (pZ,t-l)'

wher e
zp,, ¢
p,, =log —3 and
2t1 €
IDZ,t :niPZV,\;’



with Rﬂ representing the price of the whol esale good produced in the foreign

country.
Wth regard to wholesale firns, the wholesale goods are produced by

entrepreneurs who conbi ne physical capital and |labor with a constant-return-
to-scal e technol ogy:

Y, =AKH (14)

Variable profits for good 1 are
V(K a)=maxp;v'¥Y - wH,.
1 tI~t Ht Pt 1t t t

| assune that K; is chosen one period in advance, while H is chosen in
period t. Labor dermand is thus determ ned by

Y,

mw =(1- a)z-o L, (15)
Ht

with Z =PJ/P, being the terms of trade. G ven | abor denmand, t he

representative wholesale firm purchases Ki+; units of capital at price Q, to
maxi m ze its expected sum of profit flows:

Etvl(Kt+11A\+1) = Et[vl(Kt+l7A+l)+ Qt+1(l' d )Kt+l - Qth+1]-

G ven constant returns to scale and Cobb-Douglas production, the ex post
return on capital associated with these profit flows is

i 3
S+ 1 d)Q
RK :e m K'[-l 0 (16)
Qs

In the absence of capital market inperfections, the return on capital is
equated to the risk-free return and hence satisfies the household Euler
equati on:

p
1= bEtZEL1 RS, = (17)
el, %

Whol esale firns in the foreign country solve a simlar problem resulting
i n anal ogous conditions:

*

mw =(- )20 L and

t

*

€z’ Y, .U
Fa—-G+(L- d)QGy
R =8 —ro 0, (18)
QG



where arbitrage again inplies

1=bE, g R S
- t(} t+41 (19)
el e

t

with Rfthe return of foreign physical capital expressed in the domestic
conposite good.

In the absence of capital market inperfections, equations 17 and 19,
combined with the household first-order conditions, inply that the expected
return on capital is equalized across countries and is equal to the risk-free
interest rate.

Capital producers

| assune that investnent in each country is an index of the two goods, 1
and 2, with the sanme structure as the consunption conposite (equations 1 and
2). To allow for adjustnent costs, capital evolves according to the follow ng
dynam ¢ equati on:

Kioa = (1' d)Kt +F gae:(_tht
t @

The term F (1K) K represents the production function for capital goods—the

technology to convert Iy wunits of foregone consunption into capital
Consistent with an adjustnment costs interpretation of F (1K), | assume
o] |, O
F?—‘i> O,Flg—‘i<0.
Ki g Kig
To keep the analysis sinple, | assune a conpetitive sector of capital

producers that take K, as given (that is, it is external to the firm, and |
choose the input, I, to equate margi nal revenue and nmargi nal cost:

1

F r?—t
Ky

Q=

|--]-O:

Q

Assuming an identical structure in the foreign country, | obtain anal ogous
conditions characterizing foreign capital accunulation and foreign asset
prices:

K., = (- d)K +F§I<§ EK;,
t @

with



*_ 1
Q= =)

RoE

In addition to influencing nodel dynamics in the absence of financia
frictions, adjustnment costs to capital cause fluctuations in asset prices—
Tobin"s Qwill deviate fromunity in the short run—which lead to fluctuations
in net worth.

2.2 Monetary Policy Rul es

To close the nodel, | assume that each country sets the nom nal interest
rate to target current inflation:

n _ n
Rl--rRRl_l+rppl and
o - .
Rt _rRRt-l+rppt'

The rule specified above may be viewed as a flexible inflation targeting
rule. Since this paper focuses on the role of financial heterogeneity that
likely characterizes developed versus developing econonmies, | make the
sinmplifying assunption that both countries follow the sane policy rule.

2.3 Enbodi ed Technol ogi cal Change

The nodel can be nodified to incorporate enbodi ed technol ogi cal change by

letting q serve as the technology index. In this franmework, it is necessary
to distinguish between physical capital and effective capital wunits. |
redefine the production function as

Y, = AHa(kaf),

where K9 denotes effective capital units that evolve according to
i 2. 0
K= - )i +ar g,
th

In the above expression, the term I|I{/K is a ratio that is expressed in
conparable units and is therefore stationary over tine. Arise in g thus acts
like a technology shifter for the capital-goods-producing sector, |owering
the effective cost of new capital goods. The production structure for the
foreign sector is adjusted in an anal ogous manner.

2.4 The Log-Linearized Mddel and Calibration

In the absence of capital narket inperfections, the resulting system of
equations that describes equilibrium can be specified in log-linearized form

These equations are provided in the appendix. To calibrate the nodel, | set
b=0.99, and d= 0.025. | set the capital share (1 — a) = 0.5, which is
somewhat high by devel oped country standards but reasonable for devel oping
countries. | set the degree of openness g = 0.65, which inplies 35 percent

10



imports in steady state. The elasticity of |abor, denoted as eta (h) in the
appendi x, is set equal to 3, while the markup is set equal to 10 percent. The

probability of changing prices is assuned to be 0.5. | set the steady-state
elasticity of capital production, f = F2(d/Fqd = 2, allowing for a noderate
degree of adjustnment costs, and further assume that F(d = Fqd = 1, so that

Q =1 in steady state. The nonetary policy rule sets r; = 0.9, and g = 0.2, a
noder ate degree of inflation targeting.

2.5 Financial Market |nperfections

A convenient way to formalize financial frictions is by introducing a
financial accelerator, as in Bernanke, Gertler, and Glchrist (1999). The key
mechani sm i nvol ves a negative link between the external finance premum s
(the difference between the cost of funds raised externally and the
opportunity cost of funds internal to the firm, and the net worth of
borrowers, N (defined as the liquid assets plus collateral value of illiquid
assets | ess outstandi ng obligations).

The inverse relationship between external finance prem uns and the strength

of the balance sheet arises because when borrowers have little wealth to
contribute to project financing, the potential divergence of interests
between the borrowers and the lenders is greater, inplying increased agency

costs. In equilibrium I|enders nust be conpensated for higher agency costs by
a large premum Because borrower net worth is procyclical through the
behavior of profits and asset prices, the financial accelerator enhances
swings in borrowing and thus in investnent, spending, and production.

In the presence of the financial accelerator, equations 17 and 19 are
nodified to allow for a prem um on external finance, s, that is due to the
exi stence of nonitoring costs:

1., 0

Ea—2(R,- sRji=0 and (20)
e | a

é I+ *+ * * *L\J

e E1(RE - R )i=0. (21)
e It G a

The external finance premium is negatively related to the share of the
capital investrment that is financed by entrepreneurs’ own net worth:

QK. C

=S¢c=t=+ and (22)
3 gN[(Z
. ‘K€

§=S§31*1_:_ (23)
e N, ¢

It can be shown that the function, S, is strictly increasing and convex over
the rel evant range (see Bernanke, Gertler, and G lchrist, 1999).8

The evolution of entrepreneurial net worth, N, reflects the equity stake
that entrepreneurs have in their firns. In particular, entrepreneurs borrow

8. See Bernanke, Certler, and Glchrist (1999) for a precise presentation of the properties
of this stochastic variable and for the derivation of the optimal financial contract.
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Q_1Ki.1 — Ni_; at an expected interest rate of E_q RtK} = s{R and receive the ex

post return, RtK. Net worth evol ves according to

N, = RKQ—th—l_ Et—lRtK( L Nt—l)' (24)

An anal ogous condition is obtained for the foreign country:

N, =R"Q_,K{ ;- E_, *K(Q Keg - NG 1) (25)

Log-linearizing these expressions results in two additional equations per
country to be added to the dynami c system For the donestic econony, letting
| ower case val ues denote | og-deviations, these equations are

s=c(q+k-n) and (26)
" %9 + 27

n = gnw g :(sl L)t (27)

wher e

s =E (i) 1, (28)

For the foreign econony, the equival ent expressions are

§=c’(q +k - n) and (29)
- i o*k R

Lt +n ., 30
I g—g(a L1, +Dg )+, (30)
wher e
s =E, (4 ) r
and ¢ = log(G) is the log-real exchange rate.

| then rewite the net worth expression for the donestic econony:

n :%ni%rtk - Et-l(rtk)]+(st-l+rt-l+nt-l)' (31)
kK @

The second termin this expression is the expected return on net worth held
by entrepreneurs last period. The first term is the surprise in net worth
owing to fluctuations in the ex post return on capital. Such surprises are
primarily determined by fluctuation in asset values rather than by
fluctuations in the marginal revenue product of capital. The surprise in
asset values has an effect on net worth that is inversely proportional to the
degree of self financing, (1/ny) = K/'N. Leverage, (K- N)/N = (1/n¢ — 1), thus
pl ays a key role in propagating shocks to this econony.

To calibrate the nmodel, | assume that credit frictions have no inpact on
steady-state behavior. This <can be justified by the assunption that

12



governments provide fiscal subsidies to capital as a factor of production to
elimnate the average distortion created by credit frictions. To determne

dynamics, | then need to choose two paraneters: c¢, the elasticity of the
premum on external funds wth respect to leverage (q: + ki + ny); and
ng = VK, the degree of self-financing, or equivalently (K- N/N, the
| everage ratio, defined as the steady-state debt-equity ratio.

To determ ne the steady-state value of u, | rely on the calibration used in
Ber nanke, GCertler, and G lchrist (1999), which suggests nunbers on the order
of 0.05 to 0.066 based on realistic values for nmonitoring costs and
bankruptcy rates. | accordingly set u = u* = 0.065, inplying that a 1 percent
reduction in net worth relative to capital expenditures leads to a 6.5 basis
point increase in the premum for external funds. Raising u increases the
anplification obtained fromthe financial accelerator. By choosing 0.065, the
nodel delivers an external premum response to net worth that is slightly
hi gh for devel oped econoni es but very reasonable for a devel opi ng econony. To
avoid nunerical difficulties in the sinulation, | constrain the elasticities
to be equal across countries. °

Wth regard to choosing ng note that debt-equity ratios for the U S
econony are on the order of 0.8. For high-leverage economies such as Korea
the debt-equity ratio is on the order of 60-70 percent higher than U S.
ratios. | therefore set ng = 0.7 and n* = 0.4 as reasonable values for the
| ow- | everage and high-1everage econom es, respectively

3. THE ROLE OF THE FINANCIAL ACCELERATOR |IN THE | NTERNATI ONAL
PROPAGATI ON OF SHOCKS

| start by considering the effect of a reduction in the level of
di senbodi ed technology relative to trend (a decrease in A) in the donestic
country. | then trace out the effect of this contraction on the world
econony. Figures 2 through 5 plot the inpulse response functions of variables
of interest to this shock. In each plot, the solid Iine represents the node
response in the presence of the financial accelerator, while the dashed |ine
represents the response without the financial accel erator

[figures 2, 3, 4, and 5 about here]

An a percent reduction in A  represents a negative supply shock to the
donmestic economy and a negative demand shock to the foreign econonmy. In the
absence of a financial accelerator mechanism donestic output falls by |ess
than the size of the shock, as labor rises slightly in response to the
negative wealth effect. The contraction in output causes a reduction in
domestic consunption and investnment, a fall in the real interest rate, and a
rise in inflation.

In the nopdel wthout the financial accelerator, the contraction in the
donestic economy causes a depreciation in the donestic terns of trade, an
appreciation of the foreign currency, a slight reduction in foreign output
and | abor, and a drop in foreign consunption. The cross-country transm ssion
mechani sm t hrough standard expenditure-switching channels is nodest, however.

9. In the two-country nodel, | amunable to obtain convergence if the degree of heterogeneity
in financial markets is severe. Because | am nore interested in the effect of |everage on the
econony, | constrain the elasticities to be equal and allow | everage to vary. Mdel sinulations

that constrain |everage and allow the elasticity to vary also produce qualitatively interesting
asymmetries across the two countries, but they are less interesting from a quantitative
perspecti ve.

10. Again, nunerical issues limt nmy ability to allow financial conditions to diverge too
much across countries and still obtain a stable nunerical solution to the two-country nodel.
These nunbers are reasonably consistent with the debt-capital differentials between European and
Asian countries reported above.
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In the nmodel with the financial accelerator, the cross-country transn ssion
mechanism is greatly enhanced. The reduction in foreign output and |abor is
double the response of that obtained in the nodel wthout the financial
accel erator. The source of this transm ssion nechanismis the 10 basis point
rise in the premium on external funds. As world output falls, domestic and
foreign asset values contract, and net worth falls relative to investnent
spendi ng. The prem um on external funds increases as a result, causing an
even greater contraction in investnment and out put.

The primary effect of the financial accelerator is to transnmit the shock
from the donestic country to the foreign country. This transm ssion reflects
the fact that the foreign country has higher |leverage and therefore a
stronger financial accelerator nechanism The high |everage of the foreign
country inplies that a shock to donestic supply is transmitted partially as a
reduction in foreign aggregate demand and partially through a change in the
effective price of consunption relative to investnent. The relative price
effect occurs because a rise in the foreign external finance prem um
increases the cost associated with foreign investnent goods relative to
foreign consunption goods. The contraction in foreign investnent is twi ce as
large as the contraction in donestic investnment, despite the fact that the
domestic economy received the negative supply shock. Owing to the strength of
the cross-country transm ssion, the reduction in donmestic output is actually
less with the financial accelerator than without it. Overall, these findings
imply that the financial accelerator provides a strong cross-country
transm ssi on mechani sm and that |everage is a key determ nant of the overall
strength of the transm ssion nechani sm

The role of leverage in the transmi ssion channel is explored through
symretric shocks to the world econonmy. In the exercises that follow, the
response of the domestic and foreign economies differs only because the
foreign econony has higher |everage and therefore a stronger financial
accelerator. This exercise incorporates three separate shocks: a shock to
di senbodi ed technology, a shock to preferences, and a shock to enbodied
technol ogy. The first shock is a positive supply shock of the type usually
associated with a worl dwi de boomin productivity. The second shock represents
a demand shock that raises desired consunption spending. The third shock is
also a supply shock, but this time it occurs through a reduction in the
effective price of capital goods in the world econony. Such a shock is
arguably nore closely related to the positive supply shocks that have
produced recent gains in productivity in the U S. econony.

Figure 6 plots the effect of the symretric shock to di senbodi ed technol ogy.
In the absence of a financial accelerator nechanism this shock has the
famliar dynamics of a disenbodied technology shock in a closed-econony
framewor k. The boom in technol ogy causes an imediate increase in output and
hours, an increase in consunption, and a rise in investnent as the world
econony seeks to snooth the benefits of the shock through increased capital
accunul ati on.

[figure 6 about here]

The increase in disenbodied technology is magnified by the financial
accelerator. The magnification effect is stronger for the foreign econony.
The differential response between the domestic and foreign econonies is
solely due to the different degrees of l|leverage in both econonies. The high-
| everage foreign econony experiences a large increase in output (30 percent
greater) and an even larger increase in investnent (150 percent greater)
relative to the nodel wi t hout the financi al accel erat or mechani sm
Interestingly, the financial accelerator has only a npdest inpact on output
and investnment in the |ow|everage econony. These results again confirm the
key role that |leverage plays in the transm ssion of supply shocks.
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Figure 7 plots the response of investnent and output for the donestic and

foreign economes to a shock to preferences (u;). Again, | assume that the
shock is autocorrelated with a rho of 0.95. In the absence of the financi al
accelerator, this shock raises consunption demand relative to investnent
demand, causing an expansion of output but a contraction in investnent. In
the presence of the financial accelerator, the positive demand shock reduces
the premum on external funds, causing a boom in investnment in the high-
| everage foreign econony. The falling premuns inply that world output is
substantially higher in the nodel with the financial accelerator than in the
nodel without. There is very little difference in the Ievel of output between
the high- and |ow|everage economnies, however. Again, this finding can be
associated with a relative price effect. The large reduction in the foreign
prem um on external funds leads to a switch away from investnent goods and
toward consunption goods in the |ow | everage econony. The opposite occurs in
t he high-1everage econony. As a result, donmestic households benefit nore than
forei gn households in response to a worldw de i ncrease in demand.
[figure 7 about here]

The final exercise considers an increase in technology enmbodied in capita
goods. These results are presented in figure 8. Again, the shock is
symretric, but the responses across the two countries differ owing to the
degree of |leverage and hence the severity of financial constraints. In the
absence of financial market inperfections, an increase in enbodied technol ogy
is equivalent to a reduction in the price of new investnment goods. Because
the shock is persistent, the positive wealth effect lints the expansion of
out put, hours, and investnment spending in the short run. Over tinme, output
rises as the existing capital stock reflects the newer, npbre productive
technol ogi es. Investnent tracks output along the path, keeping the investnent
output ratio relatively constant.

[figure 8 about here]

In the presence of the financial accelerator, the reduction in new capita
goods prices has very little effect on the premium for external funds. Again,
there are offsetting effects. The positive shock to technol ogy raises demand
for new investnent goods, but it has very little effect on net worth. The
intuition here is straightforward. An increase in investnent demand raises
the value of capital in place and hence of net worth. A reduction in the
price of new investnent goods reduces the value of existing assets relative
to new investnent, however, causing a deterioration in net worth. These two
effects largely cancel each other. 1In effect, the advent of the new
technol ogy reduces the value of capital in place and danpens the financi al
accelerator. The financial accelerator thus does not substantially alter the
dynam c response of either the donestic or foreign econony.

4. CONCLUSI ON

This paper develops a fully articulated nodel of a world econony with two
countries and a financial accelerator nechanism The financial accelerator
provi des a strong cross-country propagation nechanism a slowdown in output
relative to trend in the financially devel oped econony causes a contraction
in asset values, rising external finance premuns, and a slowdown in economc
activity in the devel opi ng econony.

The severity of the slowdown is directly tied to health of the devel oping
econony’s bal ance sheet, as neasured by the degree of Ileverage in the
econony. The results in this paper suggest that reasonable differences in
| everage across countries provide quantitatively significant variations in
response to worldwi de shocks to demand and supply. The strength of the
financial accel erator depends on both the degree of |everage and the source
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of the shock. In particular, supply shocks that are specific to the capital
sector, owing to enbodied technol ogical change, are less destabilizing than
supply shocks that affect the entire production structure.
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APPENDI X
The Log- Linearized Model

Log-linearizing the nodel results in the follow ng system of equations.

A. 1 Resource constraints
Y, =a +ah +(1- a )k
k. = (1- d)k +di,
ko = (1- d)k@ + -9 g +di,
1- a
Y =a +ah +(1- a )k
K9 =(1- d)Ke +%q: +dif

ki =(1- d)k +di;

A. 2 Househol d first-order conditions

l,=-c +n,
h=h(w+1,)
It' Et|t+1:rt

I\ =-¢- g +n;
b =h(w+1;)
It - Bl =1 +E(Dg,)

A. 3 Foreign versus domestic demand

G =gy, +(1- g)oy,

i =g, + - gy,

i =l -2,

Ci =Gy~ 4

% =ga%gcn +(1- g)geﬁgcit +9§45Lt +(L- g)gd—%lt
a Yo Yo Yo
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G =0, *+(L- gk,
i: :g.;.,t +(l' g)i;,t
i;t :i;,t - Z

C:=G,- %

aa O«
'gg—fzﬁ(l g—fzﬁgg—ﬂm S
A. 4 Factor denmand

u+w =(1-g)z+y - h

- +d -..
=G a9zt ]ﬂ;mﬂ G

u+w =(g-1z+y - h

(k= aer+d(_)[
= - + + +—
91+sr (9 Zt Y; - K] 91+r-qt %1 91+r-9t

K =2

A.5 Inflation Dynam cs
= - ku, + bE (p, 1)

P =Py - (1- 9)0z

Py =- KU +bE [y

pt* =Pyt (1' g)DZl
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A. 6 Credit Markets

qt+kt'nt:CSt

n = §—2-§7;d§1 DN,

g +ko-n =cs
o ga‘lo*k g_g(sll +Dgf)+nf_1
A 7 Financial arbitrage
=1 +E(pe)
" =r +E )
E [rS) =5 +r,

E(%)=s +r

Il - rt* = Et(Dgt+l)

A. 8 Terns of trade

g = (- 29)z
A.9 Monetary policy

rtn =T rrt[]l +gppt
*n o_ *n *
rl —rrr1-1+9)pt
A. 10 Shocks
—_ a
a, _raat-1+et
—_ \
ut - rvut-l +el
_ d
qt _rqqt-l +et

. . ‘a
at _raat-1+et

x * *y
ut _rvut-l +et
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Figure 2. Effect of an Asymmetric Shock to Disembodied Technology on Output and Labor
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Figure 3. Effect of an Asymmetric Shock to Disembodied Technology on Consumption and Investment
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Figure 4. Effect of an Asymmetric Shock to Disembodied Technology on the Real Interest Rate and the Finance Premium
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Figure 5. Effect of an Asymmetric Shock to Disembodied Technology on Inflation and the Terms of Trade
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Figure 6. Effect of a Symmetric Shock to Disembodied Technology
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Figure 7. Effect of a Symmetric Shock to Preferences
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Figure 8. Effect of a Symmetric Shock to Embodied Technology
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