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Abstract

This paper builds a model of emerging market crises in which firms
are credit constrained and the monetary authorities are limited in their
access to foreign currency. The effects of these constraints and their
interaction are analyzed in a small open economy that is subject to
external shocks and in which capital flows derive out of international
investors’ lending decisions to firms. A crisis can occur both directly
from a shock, or due to a change in market perceptions. The economy,
however, is only affected by a change in market perceptions and thus
vulnerable to a slowdown in inflows of foreign currency when it has
high levels of foreign debt and low holdings of international reserves.
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1 Introduction

Recent crises in emerging market economies have motivated new research in
a number of directions in modelling crises. Typical factors at work in earlier
crises have been notably absent, particularly in the countries hit by crisis in
East Asia. For example, none of the five ’crisis countries’ in Asia' suffered
from large fiscal deficits nor any other large, macro-oriented imbalance. This
recognition, that macroeconomic factors may not have been at the core of
these crises, has placed emphasis in newer crisis research on more micro-
oriented, financial areas.

Two influential strands in newer crisis literature are those emphasizing
liquidity shortages and firm balance sheet difficulties. Chang and Velasco
(2000) define international illiquidity as ”a situation in which a country’s
consolidated financial system has potential short-term obligations in foreign
currency that exceed the amount of foreign currency it can have access to
on short notice.” Their theoretical framework(Chang and Velasco (1998),
Chang and Velasco (2000)) revolves around a maturity mismatch between
banks’ assets and liabilities, and costly liquidation of investment projects.
A bank run creates a liquidity crisis, forcing the liquidation of longer term
projects and possibly the bankruptcy of banks.

Balance sheet difficulties, as illustrated by, eg. Krugman (1999), involve
constraints on firm borrowing and the effects of changes in the real exchange
rate, via capital flows and aggregate demand, on firm balance sheets. An
important factor is the presence of a substantial portion of foreign currency
denominated debt among firms’ liabilities?. A decline in capital flows leads
to a decline in investment, which causes the real exchange rate to depreciate,
hurting firm balance sheets.

This paper builds on the balance sheet approach to modelling emerging
market crises. However, I argue that depreciations in the real exchange rate
are not solely due to a fall in the demand for domestic goods. They also
represent a shortage of foreign currency - a decline in the inflow of foreign
exchange that suddenly leaves the country unable to finance capital outflows
at the prevailing exchange rate. As a provider of foreign currency for the
economy, the central bank’s holdings of international reserves play a central

!Thailand, Korea, Indonesia, Malaysia and the Phillipines. A comprehensive analysis
of the economic conditions in these countries can be found in, eg. Corsetti, Pesenti, and
Roubini (1998a), Radelet and Sachs (1998) and IMF (1997).

2The motivation for this is the fact that loans to developing and emerging economies
are seldom denominated in domestic currency. See eg. Hausmann, Panizza, and Stein
(2000). There has been little theoretical research on why this is the case for the private
sector. See though Jeanne (2000), Jeanne (1999), and Chamon (2001).



role in this story. This paper is then an analysis of the effects of constraints
on firm balance sheets and limits to the central bank’s access to foreign
currency, and their interaction.

Wealth constraints in this model amplify the effects of shocks along the
lines of Bernanke, Gertler, and Gilchrist (1998), which they call the ”financial
accelerator mechanism”. A shock to exports is propagated via adverse effects
on firm balance sheets, constraining firm spending in the next period and
leading to a decline in prices and output.

Shocks to firm balance sheets, by affecting aggregate levels of capital
flows, also magnify effects on the external account. If firms are highly
leveraged, this effect can be quite strong and lead to large differences in the
behavior of the external account compared to in the absence of credit mar-
ket imperfections. A temporary shock to exports, for example, that does
not affect the expected future returns to investment, would not affect capi-
tal inflows in the absence of credit market imperfections. When firms are
credit constrained, capital flows may instead fall dramatically; this implies
that the size of a real shock necessary to lead to a crisis is much less in this
case. Additionally, through their effects on capital flows, firm balance sheet
constraints will increase the size of a devaluation should one occur. The
negative feedback of a devaluation on balance sheets and back on the ex-
change rate thus provides an explanation for the large nominal depreciations
observed in recent crises.

This analysis is related to a number of papers on crises, in particular
those concerned with firm balance sheets, eg. Krugman (1999) and Aghion,
Bacchetta, and Banerjee (2000). Krugman (1999) illustrates the role of
balance sheets and foreign currency debt in emerging market crises. Firm
investment is constrained by end of period wealth, while firm wealth (cash
flow) is affected by this same investment, via its effects on aggregate demand
and the real exchange rate. The potential for multiple equilibria quickly
becomes apparent. If lenders are concerned about firm balance sheets, they
reduce lending. This leads to a contraction in investment and aggregate
demand. The fall in demand causes a real depreciation, damaging firm
balance sheets and thereby justifying lenders’ concerns.

While changes in the demand for domestic produced goods provides sig-
nificant means by which firm balance sheets can be impacted, the large de-
preciations that we see in many emerging market crises suggest that other
forces are at work as well. I will argue in this paper that initial exchange rate
depreciations reflect to a large degree a sort of disequilibrium. The real de-
preciations experienced in these countries in the event of crises has less to do
with a decline in the demand for home goods and more to do with a shortage
in foreign currency following a sudden decline in capital flows, which then
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causes the price of foreign currency, the exchange rate, to increase greatly.

Modelling the actual crisis, or devaluation, as a sudden shortage of foreign
currency (or a case of ”international illiquidity”) gives additional insights. Tt
provides a clear role for reserves in affecting the risk of crisis and also the
lending decisions of international investors. Also, foreign currency debt adds
to the problem in an extra way here. Not only does it lead to a worsening
of balance sheets; by adding to the amount of foreign currency that must be
financed, it adds to the problem of international illiquidity and the effect on
the exchange rate.

The remainder of the paper is as follows. Section 2 gives an outline of
the model with its main assumptions and mechanisms. Section 3 presents
the basic framework of the model. Section 4 shows how the interest rate
and default rate are derived. In section 5 this framework is then used to
show how a crisis can occur. Section 6 concludes and discusses some possible
extensions.

2 A small open economy with wealth con-
straints

2.1 An outline of the model

The basic structure behind the model is the following. The authorities main-
tain a fixed exchange rate®. Additionally, the authorities are limited in their
access to foreign currency. To be concrete, I assume that the authorities
are unable to borrow any funds from abroad*. Thus, if total net outflows
of foreign currency (ie. the balance of payments deficit) are greater than in-
ternational reserves, then the authorities will be forced to float the exchange
rate.

There are two types of agents in the economy, workers and capitalists.
Workers supply labor and their only source of income is wage earnings. Cap-
italists own firms and do not consume. The firms produce goods using
intermediate goods and labor. Goods can then either be used for consump-
tion or as intermediate goods in other firms’ production.

It is assumed that firms’ wealth is insufficient to finance intermediate
goods purchases and they thus must borrow the remainder from abroad.

3While this is a monetary model, we maintain very simple assumptions on the monetary
side and assume a very passive role for the authorites. They are assumed to change the
money supply in accordance with exchange rate commitments, implying that domestic
money changes one for one with international reserves.

4This will be discussed in more detail later in the paper.



Loans are assumed to be denominated in foreign currency. I assume that
firms must secure this external financing for intermediate goods purchases
one period in advance.

This assumption on the timing of loans is slightly different from that
assumed in Krugman (1999). It reflects the view that a currency crisis is
the result of the interaction of firm balance sheets and the authorities limited
access to foreign currency. While the source of the crisis may be rooted in
balance sheet difficulties, the actual exchange rate depreciation is due to
“international illiquidity”. Assuming that firms must contract loans one
period in advance allows us to separate the effects of capital flows on the
external account (same period) and on aggregate demand and the relative
price of home goods (next period).

External shocks to the demand for exports affect aggregate demand which
in turn impacts firms’ cash flow. Balance sheet effects amplify the trade
balance effect of shocks on the external account, via their effect on capital
flows. The effects of shocks then carry into the next period in two ways.
Changes in capital flows affect investment, or the purchase of intermediate
goods, in the next period. Additionally, changes in firm balance sheets and
the external account affect firm default risk and thus also interest rates.

If firms’ wealth is less than or equal to zero, then they must default. In
determining loan rates, lenders form expectations of default based on the
distribution of shocks to exports and on the authorities’ ability to sustain
the fixed exchange rate.

A balance of payments crisis can occur in one of two ways. A shock
to exports, both via a worsening of the trade balance and through adverse
effects on capital flows, can lead to a balance of payments deficit so large that
the authorities are forced to float the exchange rate. Here it is important to
emphasize the amplifying effect that balance sheets have on external shocks.

In some cases there can be multiple equilibria, in which a change in mar-
ket sentiment can cause a shift to the ’crisis’ equilibrium. It will be seen
later that there two solutions to the equilibrium interest rate and probability
of default; a 'low’ or 'normal’ equilibrium with a low interest rate and de-
fault probability, and a ’high’ or ’crisis’ equilibrium with a high interest rate
and default probability, and possibly also a decline in capital flows. How-
ever, the high solution is not always a competitive equilibrium as lenders
may be able to increase expected returns by lowering interest rates (which
would then push interest rates down to the low equilibrium). The decisive
factor in determining whether multiple equilibria are possible is the relative
sensitivity of a firm’s default rate to the individual firm’s interest rate as
opposed to aggregate factors that determine the likelihood and potential size
of a devaluation. If devaluation expectations’ effect on firm default rate is
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strong, then a decline in 'market sentiment’ can be self-validating.

2.2 Production and wealth

There are two countries, Home and Foreign. There are n identical firms in
Home, each with the following production function®

V,=K’LI" 0<p<1 (1)

where K, is capital inputs and L, is labor.

Both Home and Foreign produce composite goods competitively ( home
and foreign goods are imperfect substitutes) that can either be used as in-
puts in production or consumed. Firms must secure financing for nominal
intermediate goods purchases, I;, one period in advance.

Firms purchase both home and foreign capital inputs, Kp,; and Kpg;
according to Cobb Douglas preferences, K; = K}IftaK 7, and subject to the
budget constraint, I; = Py Ky + PriKp:, where I; is investment (or total
input purchases), and Py, and Pp, are the domestic currency prices of home
and foreign capital inputs®, respectively. « and 1—« are the share of foreign
and domestic goods, respectively, in firm input purchases (and, as we state
later, in domestic consumption). Cost minimization then implies that,

l—a pa
PH,t PF,t

[t = PtKI]:ITtaK-?'{t’ Pt = W

= /QPE’;O‘P]?‘J 0<ax<1 (2)
where Py Ky = (1—a)l; and PpyKpy = al;. P is then the producer (and
as we will note later, also the consumer) price index for Home. Nominal
wages, W, are sticky while prices are flexible, and the law of one price holds
for both home and foreign goods; P = S;Pj,and Pr; = S, Pf,, where S;
is the nominal exchange rate (units of domestic currency per unit of foreign
currency). The foreign currency price of foreign goods, Pj,, is assumed
constant and is normalized to one. Denote the fixed exchange rate as S,
which is also set equal to one.

Firms end period t with wealth in domestic currency, B;. Investment
in excess of firm wealth is financed by loaning abroad in foreign currency.
Assume that internal funds are insufficient to finance investment, so that

5These are firm specific values. Aggregate values of these variables will be denoted by
a bar, so that, eg. aggregate output is given by Y; = nY;.

6Since these are composite goods, these are also the prices of home and foreign final
goods.



I, > B;_1. Due to problems of moral hazard, firms are credit constrained,
with the maximum amount they can borrow depending on firm wealth;

I <(1+p)Biy (3)

where p is taken as given. The wealth constraint, (3), will be binding
when the expected marginal return of capital is greater than the interest
rate. We will assume in this paper that this is in general the case, that
I, = 14 p)Bi—y and S;1F,_1 = uB;—1. However, if there is a large
increase in the interest rate, the wealth constraint may not be binding, so
that firms’ optimal investment implies F;, | < uB;_1.

B; is equal to sales in period t minus wage costs and the repayment of
debt taken in t-1. Then we have,

B, = PH,th —WiLy — 115 F; 4 (4)

where Pp;Y; is the home firm’s nominal income (or sales proceeds), W;L; is
wage costs, F;_; is foreign debt denominated in foreign currency, and r;_;
is the gross (nominal) loan rate charged on foreign currency loans.  As
mentioned above, prices in Foreign are assumed constant”, so that the (risk
free) interest rate, ry, is both Foreign’s nominal and real (risk free) interest
rate. We assume that the exchange rate is fixed at the start of each period.
Thus, loans taken the period before are at S;_; = S = 1. However, due to
shocks, there may be a positive probability that a balance of payments crisis
will occur. Hence, the domestic currency value of (foreign currency) debt at
the time of repayment is written r;_1S;F}_1, as given by (4)%.

Here I can comment on the timing of the model. As will become clear
later, both exports and an eventual devaluation affect input purchases and
labor demand. This then implies that the determination of output, prices,
exports, capital flows, etc., occurs at the same time. Though, it must be clear
that I assume that new loans (and thus aggregate capital flows) are made at
time t with the knowledge of export demand, X;. A balance of payments
crisis at time t then, if it occurs, will take place upon the realization of X,
and the determination of capital flows.

"Changes in home prices have a negligible effect on the foreign price index, so that the
foreign consumer price index is effectively P = P, = 1.

81 assume that the purchase of foreign and domestic goods in Home are done with
domestic currency, and thus that F;_; is immediately exchanged (ie. at time t-1) and is
in domestic currency at the start of time t.



2.3 Market clearing, wages and exports

Assume that workers spend all their income each period, consuming both
home and foreign goods according to Cobb-Douglas preferences (with the
same shares as with firms’ demand for intermediate goods), while firms do
not consume, reinvesting all profits. This assumption is made for simplicity
and follows Krugman (1999) and Cespedes, Chang, and Velasco (2000).

In the same way as with firm demand for inputs, we can solve the problem
of the consumer, which is to maximize C; = C’}I}‘D‘C’;‘{t subject to the budget
constraint, W, L; = Py Cy s + PpiCry, where Cp4, Cpy are Home consump-
tion of home and foreign goods, respectively. Then, aggregate consumption
is given by

W,L;, = P, where C, = UE?U% (5)
and Py Cp; = (1—a)WiLy, PpiCry=aW,L,

Total foreign consumption is given by (all Foreign variables in aggregate
values) PrC} where C) = C’Z,(;_O‘*)C’%; and P; = f@PI’;S_O‘*)PﬁZ. Assume
that the share of home goods in foreign consumption is negligible, or a* ~
1, which implies that P} = Pp; = 1 (since we normalize it to 1) Since
Py = S;Pjy,, we have that P, = Psit’t As with domestic consumption,
assume that there is also unitary elasticity of substitution between home and
foreign goods in Foreign'®. This implies that Foreign spends a constant
share of its total consumption expenditure on Home and Foreign goods, ie..
Py Chy = (1= a*)PCY and Pp,Ch, = o*PCf. The foreign currency
value of Foreign consumption of home goods, ie. exports, can then be seen
to be X; = Py, Chy = PSLfC’;Lt and ’real’” exports are then C};, = %Yt.
Aggregate exports, X;, are assumed to be exogenous to Home and subject
to random shocks.

Market clearing for home goods is then such that output is equal to
domestic consumption and investment demand, and export demand;

Py.Y, = Py Cry + Pa Ky + PH,tOI*{,t

We can then insert expressions for home consumption, (5), and investment
demand, and for export demand;

PyYi = (1— )WL+ (1 — o), + S; X; (6)

9P, is as defined above.
10This follows Krugman (1999).



Assume that W, is set at the end of period t-1'' and then cannot be changed
again until the end of period t. Additionally, assume that labor in each
period will then be determined by firms’ demand and that firms are always
able to employ the amount of labor that maximizes profits, so that W,L;, =
(1 — B)Pg.Y; holds in all periods.

Using this and (6), nominal output is,

1

Py Y, = ————
Hitlt ot 801 —a)

[(1— )T + 5% )
Since loans are taken prior to the realization of X;, I, = B;_1 + F_1 (ie. I
is determined in t-1 ).

2.4 Balance of Payments

The domestic value of international reserves is IR; = S;R;, where R; is
foreign currency reserves. Reserves at the end of period t, IR;, will be
determined by IR,_; plus the trade balance, S, X; — M,, (where M, is total
imports) and inflows, S;F}, minus the repayment of loans from period t-1,
re—1SeF 1.

IR, = SiRy = SiRy 1 + SiFy + S Xy — My — 1181 Fy 1 (8)
Using (5) and (6) we can see that,

M, = PF,taF,t + PF,tFF,t =aW,L; +al;

a(l-0) o+
a+6(1—a)StXt+a+ﬁ(1—a)

a —
L (9)
Inserting (9) into (8) we have the following equation for reserves;

a

SiRy = SiRy_ 1+ SiFy — 1y 1S Fy 1 + ¢Styt - 3

oI, (10)

2.4.1 Condition for a balance of payments crisis to occur

As stated above, the condition for sustaining the fixed exchange rate is
(where S = 1)

IR <0 R 1+ FE+X, <M +71F

If IR, < 0, then the authorities will be forced to float the exchange rate.
This assumption captures in a simple way the idea that emerging markets

1 And thus also prior to the realization of X;.

9



are limited in their access to foreign currency, and that the size of interna-
tional reserves (in relation to net foreign currency obligations) thus have an
important impact on devaluation expectations. By making this assumption
we are able to incorporate developments in the balance of payments and re-
serves into lenders’ calculation of the risk of devaluation, and thereby also
default risk.

This allows the analysis of lender behavior and the determination of cap-
ital flows in an economy where there are both firm credit constraints and
an international constraint on access to foreign currency. However, this
framework does not allow a more in depth analysis of the problem of the
policymaker, in particular the use of the short term interest rate in defense
of a currency peg.

2.5 Summary

This then comprises the basic framework of the model. Firms’ investment is
constrained by their wealth. Capital flows, or aggregate borrowing, are then
determined by aggregate firm wealth. The authorities are unable to borrow
foreign currency from abroad and if international reserves become negative
then the exchange rate is floated.  All borrowing is in foreign currency,
making firms potentially vulnerable to exchange rate depreciation.

Firms’ cash flow is affected by changes in both investment demand and
foreign demand. Foreign demand is assumed exogenous and subject to
random shocks. The effect of a decrease in export demand is multiplied by
its effect on labor demand and wage income. A deterioration in firm balance
sheets, brought on by a fall in exports, decreases capital flows and next period
investment. The decrease in aggregate investment demand reduces firm cash
flow, leading to a decline in investment the following period as well. In this
way, temporary shocks are propagated to subsequent periods.

Export shocks affect the balance of payments through a deterioration of
the trade balance and are amplified through a decline in capital flows. A
balance of payments crisis occurs when net outflows of foreign currency are
greater than the authorities’ holdings of international reserves.

10



3 Interest rate and exchange rate determina-
tion and the default probability

3.1 Introduction

This section shows how the equilibrium interest rate is determined each pe-
riod, based on the risk free interest rate and on firm default risk. Default
risk depends on three things; the firm specific interest rate, expected ag-
gregate demand, and devaluation expectations. Shocks to exports affect
aggregate demand directly, while they affect devaluation expectations both
through their effect on firm balance sheets (ie. on aggregate wealth) and on
the external account. Central to the analysis is the effect of devaluation ex-
pectations on perceived default risk. This ’exchange rate channel’ highlights
the interaction of balance sheet and external account constraints, in some
cases yielding multiple equilibria.

There are two objectives with this section. One is to examine how shocks
affect the economy and are propagated, and what major factors are at play.
The other is to form a framework to examine how a balance of payments crisis
can occur. As a final comment, note that since the focus of this paper is on
crises and the role of interest rate determination, we analyze the equilibrium
in the short run. Note though, that the long run equilibrium can be easily
found, and we include it in the appendix.

3.2 Interest rate determination

Assume that lenders are risk neutral and, due to competition on the loan
market, will set interest rates so that the expected return is equal to that
of a risk free loan. Lenders, based on the distribution of exports and on
beliefs concerning the authorities ability to maintain the exchange rate (ie.
whether IR, > 0), form expectations concerning the probability that a firm
will default on its loan. In case of default'?, lenders (and firms) receive
nothing!?.

In the following subsection we will derive the default rate. For now,
the probability that firms will default on their loans is simply denoted as

12Note that while the level of reserves will affect expected returns, there are no implicit
or explicit guarantees of loans, should a firm default.

13This is an extreme assumption, which amounts to assuming 100% bankruptcy costs.
In relaxing this assumption, one could assume that, in the case of default, the lender re-
ceives the firm’s remaining assets minus some fraction (ie. less than one) due to bankruptcy
costs. However, doing this would not change significantly the analysis and we assume
here, for simplicity, 100% bankruptcy costs.
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md 1~ The loan rate on foreign currency debt is then given by the following
equation;

By =1y (1 - )
Solving for the loan rate gives,

*
Tt

ry=——
(1- 7T§l+1)

(11)

3.3 Deriving the probability of default

In this section I find the threshold value of X;,; that forces firms to default
at time t+1, Xth, as a function of the interest rate, r;. 1 will call this
the "X, curve’. Here I will derive an ’equilibrium X{, ; curve’, where an
individual firm’s interest rate is equal to the aggregate interest rate. Later,
in analyzing the sustainability of equilibria, the two interest rates will be
allowed to vary from each other.

We first find the value of exports that gives B; = 0, as a function of
the exchange rate. The exchange rate can also be expressed as a function
of exports, and the two equations are then used to solve for X¢ ,, and the
exchange rate that prevails for X, = X, which we denote S ;.

I can start with the wealth equation. Let ¢ = m (4) can then be
expressed as

Biyn = ﬁPH,tHYEH - TtStHFt
= (1 —a)plit1 + ¢Sii1 Xer1 — 1S Fy (12)

Then, as mentioned above, shocks to export demand will affect wealth,
both directly and, in the case of a balance of payments crisis, via exchange
rate depreciation. Setting By = 0 in (12) and solving for X7, we have

1 I
Xio = grifi— (1= a)g (13)
t+1

Will this value of Xf,; lead to a balance of payments crisis as well as
default? We can also find, and do so later, the critical value of X;,; that
leads to a crisis, denoted by X7, ;. Since firms default for any X, < X¢,,,
clearly if X7, > X/, then ’default’ will always be accompanied by ’crisis’
(though the opposite will not always hold - ie. there can be a crisis that does
not result in default). The conditions for which X7 ; > X/, will in general

12



depend on the size of aggregate wealth relative to international reserves'?.

Here, we simply note that if there is 'no crisis’ then Sfﬂ =S =1, and if

there is ’crisis’ then S¢,; > 1 and we can then find S¢,; in the following way.
Consider (10) (where aggregate values are substituted by 'nZ = Z°);

a
g

For R, ;1 < 0, the exchange rate is floated, and the exchange rate adjusts
so that the external account is in balance. Note that for X; 11 = X 4,
Biy1 = 0. Thus in this case capital flows, Fi,;, are zero as well. (14) then
reduces to

Str1Rip1 = Sepa Ry + SepanFipn — rSppanky + 0S5 anXe — —ondiq (14)

(67

Sir1Riv1 = Sep1 By — 10SeanFy + ¢S an X — 3

onlyq

and for Ry < 0 (and X1 = X7,,) the exchange rate is

%¢It+1
%Rt — T’tF;g + ¢Xtd+1

St = (15)

where we can see, unsurprisingly, that the exchange rate is increasing in
foreign debt and decreasing in exports and international reserves.
Inserting this into (13) and rearranging, we find that (for X < X¢)'5

1 1
Xl = g’tFt —(1-a) R (16)
and the exchange rate in this case is'%;
Ty
St = 1R, >1 (17)

“When is X¢ < X¢ ? In answering this question, we want to look at both equations
under the fixed exchange rate (X¥ is derived later in the paper), Xy = ért_lFt_l — %Ft +
%It — %%RtA and X = %rt,lFt,l —(1—a)l;. X< X¢ implies that X¢ — XZ > 0 or,
%thlthl - éFt + 51 — é%th - %thlthl +(1—a)ly >0.

Simplifying, this gives I; > F; + %Rt—l- And, as a point of reference, for Fy;_; = F}, we
have (noting that Iy = Fy_1 4+ B;—1) Bi_1 > %Rt,l. Then, the probability of a currency
crisis will be greater than the probability of default if aggregate wealth is greater than
reserves.

15 And in the case where default is not accompanied by crisis, we have, Xfﬂ = %rtFt —
(1 —a)lty1 for "no crisis”

10Tt can be shown that, for Ry1q =0, Xy41 = X, (. Fipq = 0), L4 is larger than
Ry, implying that the exchange rate does in fact depreciate.
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The probability that firms will default is then 7., = Pr(X,;1 < X{,), or
F(X{ ), where F(-) is the cdf of X.

The fairly simple result in (16) and (17) reflects the fact that, with capital
flows equal to zero at X; 11 = X{',, balance sheets and reserves are affected
in much the same way. The effect of X, and rF; on reserves and balance
sheets are exactly equal in this case, and the effect of investment on reserves
is %(b = m and on balance sheets is %

értﬂ represents both the effect of firms own holdings of debt, and that
of aggregate debt levels on the exchange rate. The higher interest rates and
the ratio of debt to exports are, the greater the default rate. The default
rate is also declining in reserves since the greater reserves are, the lower the
likelihood and size of a devaluation.

3.4 Short run equilibrium for » and X¢

Hence, (11) and (16) determine the equilibrium values of 7, and X¢,, pro-
vided that X¢ < X°¢. For the remainder of this analysis, we assume that
this is the case. If we solve (16) for r; then we have two curves that can be
graphed in (r, X¢) space.

*

Tt

T F(X,)) (18

RP curve : ry =

1

=R
X% curve : vy = ﬂXth +(1-a)prr (19)
Fy F

The slope of the RP curve is increasing in Xth and approaches 0 at the
lower bound of X, and approaches oo at the upper bound of X. For values
of r; where the wealth constraint is binding, the X, curve is linear with
slope equal to 1% = %. When it is not binding, firms will choose F; (or
I,11 = F, + By) such that the expected marginal product of K, ; equals r;.
Denote as r; the critical value of r; for which both the wealth constraint is
binding and the expected marginal product of K;.; equals r;,. Then for
ry > 1y, Fy is decreasing in 7;, implying that the slope of the Xtd+1 curve is
increasing.

Figure (1) shows the two curves. They are drawn under the assumption
that at the low solution, the wealth constraint is binding while at the high
solution, it is not. Then, for r; < 7, the Xii+1 curve is linear, and for r; >

7, 1t is concave.
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Interest rate and default threshold
I'¢

RP curve

Xdl+l
Figure 1

Here we can examine how the curves are affected by a (temporary) neg-
ative shock to exports!”, which we depict in figure (2). Since the RP curve
only depends on r*, it is not affected. A shock to X; will affect the X7, ,
curve in two ways. A negative shock to exports reduces wealth, thus leading
to a decline in inflows, F;. Additionally, the shock, both through its effect
on inflows and its effect on the trade balance, reduces reserves. Since F;
falls, the slope of the Xtd+1 curve increases. What happens to the intercept
depends on the size of reserves relative to foreign debt. To see whether
the intercept increases or decreases in response to a negative shock to ex-

ports, note that aFt ugﬁt = p¢ and aRt = aFt +¢ = (1+ u)p. Then
8_t
= w > 0if F, > Rt Thus, if F; > Rt then the inter-

cept will decrease in response to a negatlve shock. Then a negative shock
at time t will cause the X ', curve to rotate upwards, and it can either shift
upwards or downwards depending on the ratio of reserves to debt (and on
the wealth multiplier).

"By a negative shock, we mean that X; falls below its mean value.
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Negative shock to exports

RP curve

Xd t+1

Figure2

4 Crisis

As we have noted in the introduction, a crisis can occur in one of two ways
in this model'®. A crisis can be the unique outcome, ie. regardless of which
equilibrium results for the interest rate a balance of payments crisis occurs at
time t. Here, the combined effect of a fall in exports and a decline in capital
flows depletes reserves and forces the authorities to float the currency.

We will argue here that a crisis can occur in an additional way, due to
the existence of multiple equilibria. We will use the analysis of interest rate
equilibrium to examine under what conditions these can occur. We will see
that there can either be one or two (sustainable) equilibrium values of the
interest rate. We characterize the low equilibrium as the 'normal’ equilibrium
(no crisis at time t, low interest rate and default probability, binding wealth
constraint) and the high equilibrium as the ’crisis’ equilibrium (high interest
rate and default probability, possibly a decline in capital flows and balance
of payments crisis). At the high equilibrium it may well be the case that the
wealth constraint is no longer binding. At the high interest rate, a single
firm’s investment demand may be so low that the firm does not loan up to

18 Additionally, a ’sudden stop’ in inflows can occur (in which there is no solution to
the interest rate). In this case, lenders are not able to gain the required return for any
interest rate, and stop lending. While it is potentially interesting, we will abstract from
this possibility in this paper.
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the maximum. The abrupt increase in interest rates and decline in capital
flows will have adverse effects on wealth and aggregate demand in t+1 and
following periods. Importantly, the extent of the damage from a switch to
the high equilibrium will depend greatly on whether the decline in capital
flows results in a crisis at time t.

As an additional comment, note here that while we are deriving the prob-
ability of default at time t+1, our interest is also in how the determination
of (r, X{,) affects the outcome at time t.

4.1 Cirisis as the unique outcome

Here we examine the case where a crisis occurs for any F; < uB;. Here we
can find the threshold value of exports that leads to crisis (denoted by XY)
much in the same way as for X¢. While the derivation of X is central to the
determination of the interest rate, X; is more for illustrative purposes. In
determining the probability of a balance of payments crisis, we can highlight
the 'multiplier effect’ of balance sheet effects. Given the constructs of the
model, this effect is perhaps unsurprising. However, the basic story is not
without relevance.

In the period leading up to the crisis in Fast Asia, capital flows and in-
vestment reached their highest level'®. Shortly thereafter, these countries
experienced a large fall in demand for their exports®®. This had a substan-
tial (negative) impact on firm (and bank) balance sheets. In this situation,
international lenders may have been very reluctant to maintain previous lev-
els of lending, with a large decline in inflows putting pressure on currency
arrangements.

4.1.1 Deriving X/

Let us here derive X;, under the condition that F; = puB;. Then, inserting
F, = uBy = pn[(1 — @)ool + ¢S Xy — ri-15:F; 1] into (10) and rearranging,

Y8ee eg. IMF (1997). Additionally, some recent data (1993-1997) on exports, short
term debt and international reserves, which we will discuss below, are included in the
appendix.

20See again, IMF (1997). Among the ’shocks’ noted at this time were: i) a decline in
export demand; ii) the appreciation of the US dollar, to which most of these economies
were either explicity or implicitly pegged; iii) a decline in the price of electronics; iv) the
devaluation in China.
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we have

1 1
StﬁRt = StﬁRtfl - (]. + /,L)thlstthl + (1 + M)¢StXt — <% — /L(l — CY)) ¢It
(20)

A shock to exports, through its adverse effects on output and prices, reduces
firm revenues. (14 u) indicates the multiplier effect of exports on the external
account via balance sheets, while ¢ indicates the impact of exports on the
trade balance.

Setting R; = 0 (under S; = S = 1) and solving (20) for X{ we have

c_ 1 1 (o _ 1
X¥_¢”*E*+1+u<6 u(l “04 Trme @

A devaluation then occurs for X; < X¢ and the crisis probability is Pr(
IR, <0) = F(Xf), where F(-) is the cdf of X;. Clearly, important factors
affecting the risk of crisis in this case are the ratio of foreign debt to exports,
the interest rate, and reserves. If foreign debt is high relative to exports,
then the maintenance of the currency peg will depend to a large extent on the
continued inflow of capital, and on exports. A fall in either can lead to a large
decline in reserves. Here, we have a fall in both. In the absence of credit
market imperfections, the shock to exports at time t would have no effect
on the expected return to K;.;. Yet, due to credit market imperfections,
it results in a decline in capital flows. Reserves provide a cushion, or extra
liquidity’, against temporary shocks, reducing to some extent dependence
on continued inflows.

What happens then, if capital flows are insufficient to sustain the currency
peg? The devaluation means that capital flows will fall even more?!. Take
(20), and setting R; = 0 and solving for the exchange rate, we have in this
case (where, as opposed to earlier with S¢, capital flows are not zero);

(5 n1-a)) ol

S p—
¢ %Rt,1 — (1 + M) [T’tflﬂfl - ¢Xt]

(22)

[ri—1Fi—1 — ¢X;] indicates the effect of the devaluation on firm balance sheets
and (1 + p) the multiplier effect on the exchange rate. The greater the
exchange rate depreciation, the larger the fall in wealth and thus also capital
flows. And the larger the decline in capital flows, the greater the exchange
rate depreciation.

2lie. in addition to the decline caused by the fall in exports.
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The initial effect of the crisis will depend on the offsetting effects of the
shock to exports and on the resulting devaluation. The shock to exports
depresses both output and prices. The initial effect of a devaluation is an
increase in the price of the home good and in output, through increases in
both S; and P ;.

The main costs of the crisis are incurred in period t+1. The decline in
balance sheets, By, severely restricts intermediate goods purchases in period
t+1, depressing aggregate demand. Thus, B;,; is also below pre-crisis levels
and gradually recovers thereafter.

4.2 The existence of multiple equilibria

We have found that there are in general® two solutions to r, and X/, . Are
both solutions sustainable equilibria? As a starting point, take the two
solutions depicted in figure (1). Suppose that the economy consists of only
one firm. It is clear in this case that the high solution is not a competitive
equilibrium. The decline in the interest rate, both by reducing the firm’s
debt burden and by reducing the risk of crisis, lowers the default rate to such
an extent that the lender’s expected return increases (ie. the X, curve is
above the RP curve). Competition will then drive the interest rate down to
the point where the expected return equals the foreign interest rate, ie. to
the low equilibrium.

In considering the problem of an individual firm, aggregate values of the
interest rate, debt and reserves are taken as given. Changes in the firm’s
own interest rate now have a much smaller effect on the firm’s default rate,
since they affect only the firm’s own debt burden and not exchange rate
expectations. To analyze this further, consider the problem of an individual
firm, taking average levels of 7; and F} (denoted by 1, FH) as given?3. This
implies an ’aggregate’ default threshold of X2, as in (16) and also that for

any X1 < X aggregate capital flows at t+1 are still zero and** for

dH Foltt1
X < XJ77, Sio1 = 2 .
t+1 t+1> t+1 %R?*TtHFtHer)XtJrl

single firm’s default rate (or X7, curve) which will depend both on the firm
specific interest rate and on average levels. From the wealth equation we

The lender can then calculate the

22Either two solutions or no solution, in which case firms are rationed from the loan
market.

23Te. the individual lender believes that aggregate levels of r; and F; (and R;) are at
the high equilibrium.

24This will be the most important case to examine in checking the sustainability of the
high equilibrium. To be more precise, we are interested in whether lowering the firm
specific interest rate and thus also the default rate (ie. so that X;11 < ijf), the lender
can increase expected returns.
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have, X, = WHE —(1- a)étt—i. Inserting Sy and rearranging, we

then find the firm specific default rate;
a _ @ L on H pH
X = BrtFt —(1- O‘)ERt + (1 —a)r F, (23)
The firm specific default rate is dependent on average values, rZ FH  and
is less sensitive to changes in the firm specific interest rate as opposed to

both interest rates (ie. both the firm specific and aggregate interest rates).
Solving for the ’firm specific interest rate’ we have®

B ﬁlRH ﬁTHFH
— <« xd 1 )2t (12t t 24
Tt E t+1+( a)a F;E ( a)Oé Ft ( )

(24) then forms a ’firm specific X, curve’. Since the firm specific X/,
curve is steeper than the equilibrium X7, curve?, it is ’less sensitive’ to
changes in the firm specific interest rate. The question of sustainability of
the high equilibrium boils down to - ’how steep’? The high equilibrium is
sustainable if a decline in the firm specific interest rate reduces the lenders
expected return.  This will be the case if, at the high equilibrium, the
slope of the firm specific Xii+1 curve is steeper than that of the RP curve?®’.
Otherwise, if the slope of the firm specific Xth curve is not steeper than
that of the RP curve at the high equilibrium, then the high equilibrium is
not sustainable. The two cases are depicted in figures (3) and (4). In
figure (3), the equilibrium is not sustainable; in figure (4), it is, and there
are multiple equilibria.

What makes the potential for multiple equilibria more likely? From the
above discussion, the lower the slope of the RP curve at the ’high’ solution,
the greater the scope for multiple equilibria. Important determinants are
then levels of foreign debt and reserves. The greater foreign debt relative
to (the mean value of) exports, the lower the slope of the Xth curve, and
the lesser international reserves, the lower is the intercept. Both these
factors tend toward a lower high solution, making it more likely that it is a
sustainable equilibrium.

2We can observe that for r, < rff, F, > FH. For r; close to 7, the difference is
negligible and we will ignore the effect on r; of Fy # F/I.

26We can note that the slope of a ’equilibrium Xfﬂ curve’, 7y = % fflﬂ +(1- a)qﬁ%,
t t

B B
is =H20-2) which is less than <.
F 2
27 _ r;
1T = R
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High equilibrium not sustainable High equilibrium sustainable

RP curve

Firm specific X* curve

Firm specific X¢ curve

Xdﬂ'l
Xa

t+H

Figure 3 Figure 4
This seems intuitively reasonable, since with high levels of foreign debt,

both the size and probability of devaluation become greater, increasing the
influence of aggregate factors on firm balance sheets. The external account’s
role is then central here in determining whether there are multiple equilibria.
For low values of F; relative to exports (or high R;), the external account
is not very vulnerable, either to external shocks or to sudden increases in
the interest rate. The risk of devaluation is diminished in this case and the
’exchange rate channel’, which is the way in which the external account influ-
ences firm balance sheets, is reduced. Then, the economy is not vulnerable
to multiple equilibria and changes in market expectations.

For high levels of foreign debt, the exchange rate channel is much stronger.
High aggregate values of foreign debt increase both the risk of devaluation
and the size of the depreciation for a given level of exports. This both
results in an increase in the firm specific default rate (compared to that with
no exchange rate effect) and means that the firm specific default rate is more
sensitive to aggregate variables than to the firm specific interest rate.

We see then that the existence of multiple equilibria depends on funda-
mental factors, namely the ratio of foreign debt to exports and foreign debt
to reserves. In the presence of high levels of foreign debt, a change in market
sentiment can result in an abrupt rise in the interest rate.

The outcome of a change in equilibria will also depend crucially on funda-
mental factors, namely whether the level of exports and reserves are sufficient
to sustain the exchange rate in the face of a decline in inflows. Suppose first
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that there is a fall in market sentiment and it results in the high equilib-
rium, with (77, FF), and that the authorities are still able to maintain the
exchange rate (S; = S = 1). The increase in interest rates reduces lending
which results in lower I; ;. The decline in demand for inputs combined with
large interest costs hurts firm balance sheets, B, 1, implying that investment
and output will be depressed in the following periods as well.

Now suppose the decline in inflows (F}f?) leads to a crisis at time t%.
The devaluation increases the domestic currency value of debt (r;_1S5;F; 1),
damaging firm balance sheets at time t, B;. Since I;;1 = By + FH, I,
falls further as a result of the devaluation. Furthermore, the exchange rate
depreciation and resulting increase in Pp; mean that real input purchases
fall even more. Saddled with debt and a deeper contraction in demand,
wealth falls further as a result of the devaluation.

4.3 Discussion

What are the main implications of the model? First, ignoring balance sheet
effects may lead to a significant underestimation of the adverse effects of
external shocks such as those that hit East Asian economies. While surges
in capital flows and enhanced access to global capital markets may have
benefits in terms of output growth, they also generate an acute need for the
sustenance of those inflows. With balance sheet effects, an external shock
will not only impact the trade balance, it may also lead to a substantial
decline in capital flows. Currency mismatches between firm revenues and
liabilities can result in negative effects of a devaluation, and further increase
the size of the exchange rate depreciation.

This is particularly the case when a country is limited in its access to for-
eign currency?”. Low levels of international reserves then make the economy

28Does the high solution imply a crisis at time t? Can F} fall enough to precipitate a
crisis? To examine this, take the equation for reserves, set R; = 0, and solve for F} (call
it FY).

Q@

g

This FY is the minimum amount of capital flows needed to sustain the fixed exchange rate.
F¥ may be negative; ie. reserves and exports are high enough that no crisis is possible at
time t, even for a complete stop in inflows. However, with low reserves relative to foreign
debt and a negative shock to exports (ie. less than mean), it can very well be that the
high solution will result in a crisis at time t.

29Hausmann, Panizza, and Stein (2000) note the widespread inablility of emerging and
developing countries to loan abroad in their own currency (with the notable exception of
South Africa).

Fi=r 1 Fi 1 — ¢X+ —dl — Req
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vulnerable to crises. While there is in general some disagreement over the
role of reserves in terms of maintaining a fixed exchange rate, they have been
found to be strong indicators of financial crises®.

Finally, high levels of foreign currency debt create vulnerability to changes
in market sentiment that can lead to a sudden increase in the interest rate,
a decline in capital flows and possibly, crisis.

Some anecdotal support can be gained for the relevance of this approach
by examining developments in some of the variables highlighted in this anal-
ysis. The tables in the appendix list some stylized facts for the East Asian
countries hit by crisis. The general picture shows strong growth in exports
that suddenly comes to a halt in 1996 and 1997. At the same time, short
term external debt more than doubles in this short period, also increasing
relative to international reserves®!. This then suggests that these countries
were hit by significant external shocks, at a time when they had greatly
increased their dependence on capital flows.

The model here shows how both the existence of multiple equilibria and
the effects of a change in market sentiment depend on fundamentals, and
have done so from the perspective of an individual lender. However, as in
many other models with multiple equilibria, we do not incorporate into the
model how this change in expectations occurs. A potential source for this
change may lie in information problems®?. In addition to sharing a number
of other common characteristics, East Asian countries may also borrow from
the same lenders. In the presence of incomplete information, a deterioration
of conditions in, eg. Thailand, may cause a reassessment of expectations

concerning other economies in the region?.

5 Extensions and conclusion

A main task of crisis theories is in explaining how small shocks can have
large effects. In this paper I have focussed on two factors that magnify the
effect of shocks: balance sheet difficulties under imperfect credit markets, and
the interaction of external and balance sheet constraints to produce multiple
equilibria. In an economy where firms are credit constrained, capital flows

30Gee, in particular, Kaminsky and Reinhart (1999).

31 As an additional comment, due to forward market interventions, the level of interna-
tional reserves may overstate the amount of funds the central banks had with which to
defend their currencies. For example, Corsetti, Pesenti, and Roubini (1998b) report that
Thailand effectively had only 2 billion out of its 30 billion dollars of reserves available to
defend the currency.

32Gee, eg. Morris and Shin (2000), Morris and Shin (1998).

33For an empirical analysis on this, see Kaminsky and Reinhart (2000).
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will be influenced by the state of firm balance sheets. A shock to export
demand is magnified by this balance sheet effect through a decline in capital
flows.  Additionally, this balance sheet effect will increase the size of a
devaluation in a crisis, as the exchange rate depreciation worsens firm balance
sheets further.

When firms borrow in foreign currency, devaluation expectations are an
important factor in determining the riskiness of loans. In this model, where
the authorities are unable to borrow foreign currency to support the exchange
rate, exchange rate expectations are affected greatly by aggregate levels of
foreign debt due for repayment. When foreign debt is high relative to ex-
ports, then changes in market expectations can be self sustaining - if an
individual lender is concerned that average interest rates will increase, rais-
ing the aggregate foreign debt burden, then the lender will also raise interest
rates, validating the lenders’ concerns.

This analysis can be extended in a number of ways. Here I briefly discuss
two. In the paper I have assumed a fixed wealth constraint. What would
happen if it instead had been derived within the model? For example, we
can pose an ex post moral hazard problem as in work by Aghion, Bacchetta
and Banerjee**, and extend it to account for uncertainty and default risk.
This would then imply that p is decreasing in the interest rate and risk of
default. The basic results of the analysis would not be affected significantly.
However, the analysis of default risk becomes more interesting. The effect
of a shock on capital flows then is not a simple multiple of the change in firm
wealth. Changes in default risk also affect the amount of capital flows. For
example, if a negative shock to exports increases default risk, then capital
flows will not only fall due to a decline in firm wealth, but also due to an
increase in interest rates.

This model can also be used to discuss the effects of a financial liberal-
ization. Suppose that taxes on foreign investment are removed, resulting
in a decline in interest rates. What are the effects? The drop in interest
rates results in an increase in both firm wealth and international reserves,
which in turn implies a lower default risk. The sum result would be greater
firm wealth, capital flows, investment, reserves - overall, very positive effects.
Though, there is one exception, however. There is a danger to this ’liberal-
ization” despite the fact that reserves increase. The increase in capital flows,
and hence also the ratio of foreign debt to exports, makes the economy more
vulnerable to changes in market sentiment, and multiple equilibria.

34eg. Aghion, Bacchetta, and Banerjee (1999), Aghion, Bacchetta, and Banerjee (2000).
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1 Tables on Exports, External Debt and Re-
serves

Exports®® 1993 1994 1995 1996 1997
Thailand 46940 56132 69440 70625 47903
Korea 94572 114094 147118 146254 92869
Philippines 16692 23450 26438 33464 29724
Malaysia 50194 67879 82165 91842 67535
Indonesia 42274 46897 53185 58717 60106
Short Term Debt 1993 1994 1995 1996 1997

Thailand 22437 32184 47569 49115 42946
Korea 31266 43008 55818 69181 61356
Philippines 4736 4465 5743 9109 13300
Malaysia 9508 8732 13948 19361 22282
Indonesia 21306 23817 30470 37180 38103
Debt/Reserves®® 1993 1994 1995 1996 1997
Thailand 092 110 1.32 130 1.64
Korea 1.55 1.68 1.71 2.03 3.01
Philippines 1.01 074 090 091 1.83
Malaysia 034 034 059 0.72 1.07
Indonesia 1.89 196 222 204 230

2 Solving for the steady state under the fixed
exchange rate

Here we find the steady state under the following assumptions: the exchange
rate is fixed, the wealth constraint is binding, the interest rate is determined
by the low equilibrium as given above, and realized exports are equal to their
mean value.

We can start with firm wealth. Solving for By, in terms of B; and X1,
we have

Bia=[o(1 —a) (1 + p) —pr ] Bi+-oX 4 (25)

Then, using Fy.1 = puByyq and (25), Ryyq can then be expressed in terms

35Exports from IFS. Short term debt (under 1 year) to BIS banks, from joint BIS-
IMF-OECD-World Bank External Debt Statistics. All values in millions of US dollars.
Availability for debt statistics determined time period used here.

36Ratio of short term debt (above) to International Reserves. Reserves from joint
BIS-IMF-OECD-World Bank External Debt Statistics.
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of Rt, Bt and Xt+1;

Riyw = Re—(1+p)r Ft-(1+ p)o X, — (g_ﬂ(l - O‘)) oF

g
g—ﬂ(l - oz)) o(1+ /L)] Bi+(1+ p1)$X (36)

g

(25) and (26) form the dynamic system for the model, after having inserted
the solution for the equilibrium interest rate. Using the RP and X, | curves,
and using F; = puB;, we can see that the equilibrium interest rate can be
expressed as ry = ri(r*, Xy, By, Ry, o, B, 1).  In steady state it becomes r =
r(r*, X, B, R,a, B, ). To solve for the steady state, set B;.; = B; = B and

= Ri— [(1 + p)r (

then in the absence of shocks to X; we have, B = W’MX . Note that
1= ¢ (1 + p) = AL il a) _ o) Setting this in, we get
B = b X (27)

S pr(a+ (1 —a) +a—pf(l—a)

Setting R;.1 = R; = R we have in the absence of shocks to X,

a—pf(l —a)
B

After inserting the solution for B we have, X = ¢.X. Thus, the value of B
that solves (25) for By, 1 = By, gives also Ry = Ry.

(L ox = |1+ ( )o+ | 5
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