Output Costs, BOP Crises, and Optimal
Interest Rate Policy”

Amartya Lahiri Carlos A.Végh
UCLA UCLA and NBER
lahiri@econ.ucla.edu cvegh@Qucla.edu

Current draft: June 2000
First draft: October 1999

Abstract

Central banks typically raise short-term interest rates to defend
currency pegs. Higher interest rates, however, often lead to a credit
crunch and an output contraction. We model this trade-off in an
optimizing, Krugman-type model in which the crisis may be delayed
but is ultimately inevitable. We show that higher interest rates may
delay the crisis, but raising interest rates beyond a certain point may
actually bring forward the crisis due to the large negative output ef-
fect. Welfare may also be a non-monotonic function of the increase in
interest rates. There is in fact a whole range of interest rate increases
for which it is feasible to delay the crisis but not optimal to do so.
The optimal interest rate policy involves high interest rates before the
crisis and a further hike when the crisis takes place. The larger are
the output effects, the looser is the optimal interest rate policy, and
the sooner should the crisis be allowed to occur.
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support provided by grants from the UCLA Academic Senate. We thank Sergio Rodriguez
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1 Introduction

The 1990s witnessed a succession of currency crises, ranging from the EMS
crises in 1992 to similar episodes in Mexico (1994), Asia (1997), Russia
(1998), and Brazil (1999). Given the economic dislocations that inevitably
accompany a balance of payments (BOP) crisis, the design of appropriate
policies to fight and prevent such occurrences is an issue of critical importance
to policymakers and academics alike. As casual evidence makes abundantly
clear, the standard first line of defense against mounting pressure on an ex-
change rate peg is to raise short-term interest rates. In fact, higher interest
rates to defend a peg (or, more generally, strengthen the domestic currency)
are a standard component of IMF programs (Fischer, 1998), as implemented
in Russia, Brazil, and most Asian countries. Whether raising interest rates
should be part of a policy package aimed at either preventing or managing
currency crises is a matter of intense debate in the policy arena. IMF critics
like Jeff Sachs and Joe Stiglitz (former chief economist of the World Bank),
for instance, have vehemently argued against high interest rates policies.!

The standard rationale among policymakers for raising short-term inter-
est rates is to make more attractive domestic currency denominated assets
(hereafter referred to as the “money demand effect”). This should slow down
(or, hopefully, stop altogether) the loss of reserves under a pegged exchange
rate. On the cost side, both proponents and detractors essentially agree that
a high interest rate policy entails mainly three type of costs: (i) a fiscal cost
in the form of a higher operational deficit, which results from higher interest
rates on public debt; (ii) an output cost, as high interest rates lead to a credit
crunch and an output contraction; and (iii) a further weakening of an already
weak banking system (when applicable). The policy debate centers on the
implicit assessment of the benefits versus the costs of higher interest rates,
with proponents emphasizing the short-run benefits of currency stability and
detractors focusing on the magnitude of the costs.

For all the practical importance of this issue, there was until recently
little, if any, academic work focusing explicitly on this debate. The seminal
work on currency crises by Krugman (1979) and Flood and Garber (1984) —
and most of the ensuing literature — gives no role to the monetary authority
in fighting an incipient crisis, as it implicitly assumes that policymakers sit
passively as they watch international reserves dwindle down until the final

1See, for example, Sachs (1997, 1999) and Stiglitz (2000).



speculative attack wipes them out completely. Only recently has an incipient
theoretical literature begun to explicitly address this topic.? In particular,
in Lahiri and Végh (2000), we analyze the effectiveness and optimality of
raising short-term interest rates to defend a peg by focusing on the trade-
off between the money demand effect and the fiscal cost. We show that
higher interest rates may indeed delay a BOP crisis — which in practice may
buy precious time for policymakers to address the fundamental imbalances.
Raising interest rates beyond a certain point, however, may actually begin
to bring the crisis forward as the fiscal effect begins to dominate the money
demand effect. There is thus some increase in interest rates which will
maximize the delay. We also show, however, that there is a whole range of
interest rate increases for which it is feasible to delay a crisis but not optimal
to do so. In other words, while some active interest rate defense is in general
optimal, the presence of a fiscal constraint implies that raising interest rates
too much may be counterproductive. Our analysis thus validates some of the
critics’ concerns about the perils of higher interest rates, while still offering a
formal rationale for the monetary authority to play an active role in defending
a currency peg.’

This paper shuts down the fiscal channel and focuses instead on the out-
put effect. As Figure 1 illustrates for six emerging economies that have
actively defend their currencies by raising short-term interest rates, higher
interest rates are typically associated with an output contraction. We ad-

2See Drazen (1999a, 1999b), Flood and Jeanne (2000), and Lahiri and Végh (2000). A
more extensive empirical literature has so far provided mixed evidence on the effectiveness
of using higher interest rates to defend a peg/strengthen the domestic currency (see, in
particular, Dekle, Hsiao, and Wang (1999), Kraay (1999), and Zettelmeyer (2000).

3Flood and Jeanne (2000) also focus on the fiscal costs of higher interest rates by
incorporating an active interest rate defense of a peg in the traditional Krugman-Flood-
Garber model. Drazen (1999a, 1999b) focuses on the signalling effects of higher interest
rates in a “second-generation” Barro-Gordon type of model.

4Using a sample of 20 emerging and industrial countries, Calvo and Reinhart (1999)
conclude that the rate of output growth declines by 2.7 percent in the year of the crisis.
An IMF (1998) study, covering 50 countries, finds that the average output loss in the year
of the crisis is 4.3 percent. More recently, Gupta, Mishra, and Sahay (2000), based on a
sample of 125 countries and 278 episodes, also conclude that — with the notable exception
of crises in Africa and in countries with low capital mobility — currency crises have been
typically contractionary. On the theoretical side, see Rodriguez (1999) for a formalization
of the output costs of higher interest rates and Burnside, Eichenbaum, and Rebelo (1999)
for a model which generates an output contraction in conjunction with a currency/banking
crisis.



dress the trade-off between the money demand effect and the output effect
in the context of an otherwise standard, optimizing, small open economy
which is prone to Krugman-type crises.” To this effect, we incorporate a
credit channel a la Bernanke-Blinder (1988, 1992) by assuming that firms
are dependent on bank credit for their productive activities, while banks
need deposits to make loans. Following Calvo and Végh (1995, 1996), we
model interest rate policy as the monetary authority’s ability to set the inter-
est rate on an interest bearing liability (a domestic bond). We assume that
this domestic bond is held only by domestic commercial banks. Raising the
interest rate on this domestic bond increases both the lending rate to firms
as well as the deposit rate paid to depositors. The latter effect increases
money demand (defined as the demand for demand deposits) and postpones
the time of the attack. The higher lending rate, however, reduces bank credit
to firms and, hence, extracts an output cost by reducing employment and
output.

Within this model, we ask two questions: (i) does an active interest rate
defense serve to postpone an impending crisis?; and (ii) given the Krugman
distortion (i.e., a domestic credit policy which is inconsistent with a fixed
exchange rate) what is the optimal interest rate policy? To answer the first
question, we distinguish between two types of interest rate policies (both
of which are announced as of time zero): a contemporaneous interest rate
defense of the peg whereby the monetary authority announces that it will
raise the domestic interest rate only when the market interest rate rises; and
a preemptive interest rate defense of the peg whereby the monetary authority
raises the domestic interest rate before the crisis actually occurs. We show
that a contemporaneous defense always succeeds in delaying the crisis, while
a preemptive defense does delay the crisis when the output effect is relatively
small but raising interest rates beyond a certain point will actually bring
forward the crisis. In fact, a preemptive interest rate defense may not even
be able to delay the crisis at all (it actually brings it forward!) if the output
effect is large enough. This already offers a dramatic illustration of the perils
of raising interest rates when output effects are present.

5By a Krugman-type crisis, we mean an environment where the central bank has pegged
the exchange rate but follows an expansionary domestic credit policy. This inconsistency
between the fiscal stance and the exchange rate policy leads to a secular loss of reserves.
If reserves cannot fall below a threshold level, then the central bank will be forced to
abandon the peg in finite time. Moreover, as shown by Krugman (1979), the end of the
regime will also be characterized by a speculative attack on international reserves.



We then tackle the second question regarding the optimal interest rate
policy. To illustrate the trade-offs involved, we first show how either a con-
temporaneous or preemptive interest rate defense raises welfare for low values
of interest rates but raising interest rates beyond a certain point may actu-
ally begin to decrease welfare as the output effect becomes larger. We then
ask the question: what is the time path of the domestic interest rate (before
and after the crisis) that maximizes consumers’ welfare? As a benchmark,
we show that, if the output channel is shut off, it is optimal to implement
the Friedman rule and the first best is achieved. This is a useful benchmark
because it ensures that any deviation with respect to the Friedman rule will
be due solely to the output cost of an active interest rate defense. Imple-
menting the Friedman rule in our set-up requires that the domestic interest
rate be in fact raised at the time of the crisis from an already high (in a
well-defined sense) pre-crisis level. When the output channel is opened, we
show that it is optimal to set domestic interest rates lower (both before and
after the crisis) than in the benchmark case, but it is still optimal to hike
interest rates at the time of the crisis. In fact, simulations of the model
indicate that the stronger the output channel, the lower should be the whole
path of domestic interest rates, and the sooner should the crisis be allowed
to occur. Raising interest rates beyond this point would delay the crisis but
reduce welfare.

The paper proceeds as follows. The next section develops the model,
while Section 3 shows the mechanics of a BOP crises for a passive interest
rate policy. Section 4 develops the main analytical results regarding the
effects of interest rates on output and the timing of the crisis. Section 5
analyzes the welfare effects of higher interest rates and derives the optimal
path for the domestic interest rate. Section 6 contains concluding remarks.

2 The Model

Consider a small open economy that is perfectly integrated with the rest of
the world in both goods and capital markets. The economy is inhabited by
an infinitely-lived representative household which receives utility from con-
suming a perishable good and disutility from supplying labor. The world
price of the perishable good in terms of foreign currency is fixed and nor-
malized to unity. Free goods mobility across borders implies that the law of
one price holds. The consumer can also trade freely in perfectly competitive



world capital markets by buying and selling a pure (non-liquid) bond. These
bonds are denominated in terms of the perishable good and pay r units of
the good as interest at every point in time.

2.1 Households

The household maximizes lifetime welfare, which is given by
* —1 v — (o —
WE/O —1/o [(Ct_C$t)1 1/ _1}6 gt 50, (>0, v>1,
(1)

where ¢ denotes consumption of the perishable good, x denotes labor supply,
o is the intertemporal elasticity of substitution, v —1 is the inverse of the elas-
ticity of labor supply with respect to the real wage (as will become evident
below), and (> 0) is the exogenous and constant rate of time preference.
These preferences are well-known from the work of Greenwood, Hercowitz
and Huffman (1988) and have been widely used in the real business cycle
literature, as they provide a better description of consumption and the trade
balance for small open economies than alternative specifications (see, for in-
stance, Mendoza (1991) and Correia, Neves, and Rebelo (1995)). In our
case, we adopt these preferences for analytical tractability since it will en-
able us to derive most of our key results analytically.® As a check on the
theoretical robustness of our results, we will use simulations in Appendix D
to show that similar results hold if standard CES preferences are used.

The consumer uses money for reducing transactions costs. Specifically,
the transactions costs technology takes the standard form

St = ¢(Ct7ht)7 (2)

where s denotes the non-negative transactions costs incurred by the con-
sumer and A denotes interest-bearing demand deposits. This transactions
technology is increasing in consumption, decreasing in demand deposits, and
strictly convex. Formally, it satisfies the following properties:

¢ZO7 1/}0207 1/1h§0, ¢hh>07 7\/}hc<07
wccwhh - whc 2 07 ¢h() =0 for a finite hv
1 = 0 for the satiation level of h.

6As will become clear below, the key analytical simplification introduced by GHH
preferences is that there is no wealth effect on labor supply.
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For a given level of consumption, additional real money balances lower trans-
actions costs but at a decreasing rate. The assumption that ¢, (.) =0 for a
finite h ensures that the consumer can be satiated with real money balances
(i.e., the Friedman rule can be implemented). At that point, transactions
costs are assumed to be zero.

In addition to demand deposits, households can hold an internationally-
traded bond (b). Real financial wealth at time ¢ is thus given by a; = b, + hy.
We denote the deposit rate by i¢. Further, perfect capital mobility implies
that the nominal interest rate is given by ¢ = r + ¢, where ¢ denotes the rate
of devaluation. Hence, the opportunity cost of holding demand deposits is
I¢ = i — i¢ (the deposit spread).” The flow budget constraint facing the
representative household is thus given by

éLt:Tat+wt$t+7t—ct_St_Ight_l_Q{_l_an (3)

where w denotes the real wage, 7 are lump sum transfers received from the
government, while £/ and ©° denote dividends received from firms and banks,
respectively.

Integrating (3) and imposing the standard transversality condition yields
the household’s lifetime budget constraint:

ao + /0 (wxy + Q{ + Qf +71¢)e "t = /0 (e + Itd’ht + s¢)e "dt. (4)

The household chooses paths for {c;, 24, h;} to maximize lifetime utility
(1) subject to (2) and (4), taking as given 7,1, r, w,Q/, Q% and ag. The
first-order conditions for this problem are given by ®

(e — Cxf)™7 = AL+ (e, )], (5)
v— Wy

S e v

(e, b)) = IS, (7)

where \ is the (time-invariant) Lagrange multiplier associated with constraint
(4). Equation (5) is the familiar optimality condition whereby, along a
perfect foresight equilibrium path, the marginal utility from consumption is

It will be assumed throughout the paper that I¢ > 0.
8 As usual, we assume that 8 = r to eliminate inessential dynamics.



equated to the Lagrange multiplier times the effective price of consumption.
The (real) effective price of consumption is the market price, unity, plus
the transactions costs incurred in purchasing an additional unit of the good
(¥ (ct,my)). Equation (6) shows that labor supply depends positively on the
real wage, w, and negatively on the effective price of consumption. Finally,
equation (7) implicitly defines the demand for real demand deposits as a
decreasing function of their opportunity cost, I, and an increasing function
of consumption:

ht = ];J(Ch Itd)v (8)
T 17/]/7,0
hc = T Z 07 9
Uhn ®)
~ 1
hjg = ———— <0. 10
! I (10

As will become clear below, we do not need real money demand to depend
on consumption for our key results to go through. Hence, to keep the analysis
tractable (and unless otherwise noticed), we will henceforth focus on the
case in which the transactions technology does not depend on consumption
(i.e., ¥, = 0). In Appendix B, we will resort to simulations to show that
our results still go through when the transactions technology depends on
consumption.

2.2 Firms

The representative firm in this economy produces the perishable good using
the technology
yy=x), 0<n<l. (11)

This technology becomes linear in the special case of n = 1. We also assume
that firms face a “credit-in-advance” constraint to pay for the wage bill. In
other words, firms need to borrow from banks to pay the wage bill.” Formally,
this constraint is given by

ngy = ¢wt$t, ¢ >0 (12)

9 Alternatively, we could assume that bank credit is an input in the production function,
in which case the derived demand for credit would be interest rate elastic. This would
considerably complicate the model without adding any additional insights.



where n denotes bank loans.!” The assumption that firms must use bank

credit to pay the wage bill is needed to generate a demand for bank loans.

Firms may also hold foreign bonds, /. Thus, the real financial wealth of
the representative firm at time ¢ is given by atf = btf —ng. Using i' to denote
the lending rate charged by banks and letting I' = i' —i (which is the lending
spread), we can write the flow constraint faced by the firm as

if = raf 4y — war (1 + 1) — Q. (13)

It is easy to see from equation (13) that ¢I}w,z,(= Iln;) is the additional
financial cost incurred by firms due to the fact that they need to borrow from
banks to pay the wage bill.!! Integrating forward equation (13), imposing
the standard transversality condition, and using equation (11) gives

| emialdr=af+ [ [al = w1+ 1)) et (14)
t=0 t=0

The firm chooses a path of x to maximize the present discounted value of
dividends, which is given by the right hand side of equation (14) taking as
given the paths for wy, Il, r and the initial stock of financial assets ag. The

first order condition for this problem is given by
nz) ' = w,(1+ ¢I}). (15)

Intuitively, at the optimum the firm equates the marginal productivity of
labor to the marginal cost of an additional unit of labor, given by the real
wage, wy, plus the corresponding financial cost, w;¢I].

2.3 Banks

The economy is assumed to have a perfectly competitive banking sector. The
representative bank accepts deposits from consumers and lends to both firms

19We should note that the credit-in-advance constraint given by equation (12) holds
as an equality only along paths where the lending spread I' is strictly positive. We will
assume that if ¢ = 0, this constraint holds with equality.

11 We should note that the credit-in-advance constraint given by equation (12) holds as
an equality only along paths where the lending spread, I', is strictly positive. We will
assume (without loss of generality) that, if I = 0, this constraint also holds with equality.



(n) and the government (z) in the form of domestic government bonds.'? The
bank charges an interest rate of i' to firms and earns 79 on the government
bonds. It also holds required cash reserves, m (high powered money). The
bank pays depositors an interest rate of i¢. Thus, the balance sheet identity
of the bank implies that m; + n; + z = h;.'3

The flow constraint faced by the bank is then given by

Qg = Lfnt + Ight + Itgzt — itmt. (16)

Note that since required reserves are non-interest bearing, the opportunity
cost of holding required reserves for banks is the foregone nominal interest
rate i. Similarly, the net resource gain per unit of lending is I' when lending
to firms and 19 = Y — ¢ when lending to the government. The net resource
gain per unit of deposits is the deposit spread I%(= i — i%). Lastly, we
assume that the central bank imposes a reserve-requirement ratio 6 > 0 on
the representative bank. Since required reserves do not earn any interest, at
an optimum the bank will not hold any excess reserves. Hence, we must have

Equation (17) implies that the representative commercial bank’s balance
sheet identity can be written as

(1 — 6)ht =Ny + 2. (18)

The representative bank maximizes profits given by equation (16) by choosing
sequences of ny, z, hy and m; subject to equations (17) and (18) taking as

12Commercial bank lending to governments is particular common in developing coun-
tries. Government debt is held not only as compulsory (and remunerated) reserve re-
quirements but also voluntarily due to the lack of profitable investment opportunities in
crisis-prone countries. This phenomenon was so pervasive in some Latin America countries
during the 1980’s that Rodriguez (1991) aptly refers to such governments as “borrowers
of first resort”. For evidence, see Rodriguez (1991) and Druck and Garibaldi (2000).

13Similar results would go through if we allowed banks to hold foreign bonds in world
capital markets as long as banks face a cost of managing domestic assets (along the lines of
Edwards and Végh (1997) or Burnside, Eichenbaum, and Rebelo (1999)). Put differently
—and as is well-known — some friction needs to exist at the banking level for banks to play
a non-trivial role in the credit-transmission mechanism. We chose the specifaction with no
foreign borrowing because it is analytically simpler. Moreover, it is not a bad description
of commercial banking in most developing countries.
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given the paths of I', I¢, I7 .6 and i. The first order conditions for the banks’
optimization problem is (assuming an interior solution)

(1—=8)I'+1I¢ = 6iy, (19)
(1=8) I+ I = & (20)

Conditions (19) and (20) simply say that, at an optimum, the representative
bank equates the marginal cost of deposits (RHS) to the marginal revenue
from an extra unit of deposits (LHS). To see this, notice that the marginal
cost of an extra unit of deposits is the cost of holding required reserves, 6:.
On the other hand, the marginal revenue from an additional unit of deposits
has two components. The first, given by I2, is due to the fact that borrowing
from consumers is cheaper for banks (whenever I¢ > 0) than borrowing in
the open market. The second, given by either by (1 —8) I} or (1 —6) I,
captures the fact that banks can lend a fraction 1 — 6 of each additional unit
of deposits to either firms or to the government.
It is easy to see from equations (19) and (20) that we must have

I =1 (21)

This also implies that i' = 49, i.e., the lending rate to firms must equal the
interest rate on government bonds. Intuitively, loans and government bonds
are perfect substitutes in the bank’s asset portfolio. Since the bank can get
19 by lending to the government, it must receive at least as much from firms
in order to extend loans to them. Hence, in an interior equilibrium (the
only ones we will consider) any change in the domestic interest rate 9 will
automatically translate into a rise in the loan rate i'.
From equation (20), it is also easy to see that the deposit spread, I, is
given by
I¢ =i, — (1—6)if. (22)

Since ¢ =i — ¢, it follows immediately that we must have ¢ = (1 — §)i{ for
all t. Thus, ceteris paribus, a rise in the domestic interest rate 9 must result
in a higher deposit rate for consumers and, hence, an increase in demand
deposits.

Lastly, we will restrict attention to parameter ranges for which I¢ and
I' are non-negative. Thus, we will confine attention to environments where
i¢ < i < 49. This restriction is needed to ensure a determinate demand for
both loans and demand deposits. Note that this amounts to restricting the
relevant interest rates to be in the range 0 < 9 — ¢ < 649.

11



2.4 Government

The government comprises the monetary and the fiscal authority. For sim-
plicity, it will be assumed that the monetary authority issues both high pow-
ered money, m, and domestic bonds, z. The monetary authority also pays
interest on these bonds 9, holds interest-bearing foreign exchange reserves,
R, and sets the reserve requirement ratio, 6. The fiscal authority also makes
lump-sum transfers, 7, to the public. The consolidated government’s flow
budget constraint is thus given by

Rt = TRt + mt + 2'515 + eymy + (515 — z’f)zt — Tt. (23)

Note that the inflation tax is given by £,m, in the case of high powered money
(which is only held by banks in this economy) and (g; — i{)z; in the case of
domestic bonds.

Integrating forward (23) and imposing the transversality condition lim

t—o0

R;e™ = 0 yields the government’s intertemporal budget constraint:

/0 Tteirtdt = R0—|—/0 [mt + 'ét +ermy + (€t — Z?)Zt] eiTtdt—FA(mT—l—ZT)eiTT,

(24)
where the last term on the right-hand side (RHS) allows for the possibility
of a discrete change in real liabilities at some time t = T'.1* We also assume
that Ry > 0.

Let d denote the stock of real domestic credit. Since the monetary
authority issues interesting bearing debt, its net domestic credit, d”, is given
by d — z. We assume that the government’s domestic credit policy consists
of setting a rate of growth for net domestic credit:

Dy

ZL =y, 25
where D™ denotes net nominal domestic credit. Let E denote the nominal
exchange rate, that is, the price of foreign currency in terms of domestic
currency. From the central bank’s balance sheet, R; = m; + 2, — d;, where

1 Throughout the paper, we denote a discrete change in, say, variable x as Axy =
xp — xp—. Of course, if real liabilities were to jump at other times as well, this should
also be accounted for.

12



d" = D"/E. Further, note that df = (u, — &/)d?. Using these two facts,
equation (23) yields the path of government transfers:

Tt = TRt -+ (,LLt — 5t)d? +emy + (675 — Zg)Zt + Zt. (26)

We should note that every specification of the domestic credit policy will, in
turn, imply a specific transfer policy for the government. The two cannot be
chosen independent of each other.

At this point, we would need to take a stand on whether (i) the monetary
authority moves first — by setting an exogenous path of p — and the fiscal
authority passively accommodates such a path by letting transfers adjust; or
(ii) the fiscal authority moves first — by setting an exogenous path of transfers
— and the monetary authority accommodates this policy by letting the rate
of domestic credit growth adjust. Option (ii) implies that fiscal spending
cannot be adjusted. In such a case, higher interest rates on domestic bonds
have to be financed with the inflation tax (once reserves go to zero). This is
the fiscal cost of an active interest rate defense, which is the focus of Lahiri
and Végh (2000). In this paper, we want instead to analyze the trade-off
between the money demand effect and the output effect. To this end, we will
shut down the fiscal channel by assuming that the monetary authority moves
first and fixes the rate of growth of net domestic credit at a constant rate pu.

2.5 Resource constraint

By combining the flow constraints for the consumer, the firm, the bank, and
the government (equations (3), (13), (16) and (23)) and using equations (11),
(12), and (17), we get the economy’s flow resource constraint:

ke = ki + Y — ¢ — (e, ), (27)

where k = b+ b/ + R. Note that the RHS of equation (27) is simply the
current account. Integrating forward subject to the No-Ponzi game yields

kO —I— Aw[yt — Ct — 'I/J(Ct, ht)]eiTtdt = 0 (28)

2.6 Exchange rate and interest rate policy

As in standard first-generation currency crisis models, we assume that at
t = 0 the exchange rate is fixed at the level F. In addition, it is assumed that

13



there is a critical lower bound for international reserves (say, R, = 0). It is
known by all agents at ¢ = 0 that, if and when that critical level of reserves is
reached, the central bank ceases to intervene in the foreign exchange market
and allows the exchange rate to float freely. As a matter of terminology, we
will refer to the switch from the fixed exchange rate to the floating rate as
a “crisis”. As will become clear below, in our a set-up a crisis may or may
not be accompanied by a discrete loss in international reserves. (Of course,
in the typical Krugman model, a crisis is always accompanied by a discrete
loss in reserves.)

The key feature of our model is that, in addition to fixing the exchange
rate, the central bank can also set the path for the interest rate on the
domestic bond, 9 (referred to as the “domestic” interest rate) Importantly,
setting 79 implies that the central bank lets the composition of its liabilities
(non-interest bearing monetary base and interest bearing domestic bonds)
be market determined. (Alternatively, of course, the central bank could set
the composition of its liabilities and let i be market determined.) For
analytical convenience, we will think of /9 as the policy instrument (recall
that, by definition, 19 = 9 —i). Given i, the central bank can always set
an Y to implement the desired value of 9. Setting I9 basically amounts
to setting the interest rate differential between government bonds and the
market interest rate.!

A useful way of thinking about interest rate policy in this model is to
derive an interest parity condition between the domestic interest rate (i) and
the market interest rate (7).1° Recall that, from equation (22), (1—§)i? = i,
Using (7), it then follows that:

e —Yalhe)
1-6 1-6
This condition says that, in equilibrium, the domestic interest rate must
equal the market interest rate (adjusted by reserve requirements) minus a
liquidity premium (given by wlhf(g”) > 0). As expected, the liquidity pre-

i —

(29)

15With no loss of generality, we will restrict attention to piece-wise flat paths of I.

16 This interpretation is in the spirit of portfolio models in this area (see Flood, Garber,
and Kramer (1996)) which emphasize the notion that imperfect asset substitutability is
needed for the monetary authority to be able to influence domestic interest rates. In such
a context, Flood, Garber, and Kramer (1996) study the monetary’s authority ability to
sterilize the fall in money supply at the time of the crisis. For a related analysis, see
Kumbhof (1998).
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mium is a decreasing function of the stock of demand deposits (recall that
¥y, > 0).  In other words, what enables the government to set a domestic
interest rate which differs from the (adjusted) market interest rate is that
setting the domestic interest rate effectively amounts to setting the interest
rate on demand deposits (i.e., paying interest on money). Since demand
deposits provide liquidity, the return required by households to hold them
will be below the market interest rate. Hence, a higher domestic rate will
be associated with a lower liquidity premium (i.e., a higher level of demand
deposits). If demand deposits offered no liquidity services (i.e., ¥, = 0),
then the domestic interest rate could not differ from the adjusted market
interest rate.

As will become clear below, a higher rate on domestic bonds paid by
the central bank will have two effects. First, since government bonds and
bank credit to firms are perfect substitutes in the banks’ portfolio, a higher
interest rate on government bonds will lead to a pari passu increase in the
lending rate. This will curtail bank credit and, all else equal, provoke an
output contraction. This effect will be referred to as the output effect of
interest rate policy. Second, the higher interest rate on government bonds
will induce banks to also pay a higher rate on bank deposits (recall (22)).
This higher rate on deposits reduces the opportunity cost of holding bank
deposits and thus increase demand for bank deposits. By raising money
demand, and all else equal, this effect will tend to delay a BOP crisis. We
will refer to this as the money demand effect.

3 Balance of payments crisis

This section traces out the dynamics leading to a BOP crisis and the macroe-
conomic effects at the time of the crisis for the case in which there is no at-
tempt on the part of the monetary authority to engage in an active interest
rate defense. For analytical convenience, we will assume that n = 1, which
makes the production function linear in labor. For n = 1, the firm’s opti-
mality condition (equation (15)) implies that, in equilibrium, the real wage
is given by .

1+ oIl

Equation (30) shows that a higher I' makes bank credit more expensive for
firms which increases production costs and, hence, reduces firms’ demand for

(30)

Wy
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labor, which lowers the real wage. We can combine equations (6) and (30)
to get

1
v—=1 _

which shows that at an optimum, a higher lending spread must reduce em-
ployment, . Equation (30) implies that equilibrium employment is given

by 1 1
1 —1 1 v—1
w= () (ram) 32

It is also useful to note that the equilibrium amount of loans in this economy
is given by (as follows from (30) and (31) and the fact that n = pwz)

o) (an) »

The crucial feature to note from equations (31) and (33) is that a rise
in the lending spread induces a fall in output and in bank credit. Hence,
a recession in this economy is characterized by a rise in the lending spread
which, in turn, is linked one-for-one with the domestic interest rate 9.

As is well known from Krugman (1979) and Flood and Garber (1984),
the assumption that the central bank expands nominal domestic credit at the
same time that it fixes the nominal exchange rate implies that a balance of
payments (BOP) crisis is inevitable in this economy. To see this, note that a
fixed exchange rate implies that the nominal interest rate is fixed and given
by i; = r. Further, by assumption, the path of 9 is flat. Since there is
no intrinsic source of dynamics in this economy, I' and 19 must also remain
constant over time. Equations (7) and (20) imply that the consumer demand
for deposits, h, and the commercial bank demand for bonds, z, must both
remain fixed as long as I¢ and 19 remain fixed.

From the central bank balance sheet, it follows that Rt =1m; — d? The
fixed exchange rate combined with the domestic credit policy given by (25)
implies that R, = 71, — pdt.  Since the demand for bank deposits (and hence
the derived demand for cash on the part of the banks) is constant along such
a path, international reserves must evolve according to

Ry = —pdiet, (34)

(31)

Equation (34) shows that along paths with a fixed exchange rate and
expanding net domestic credit (i.e., 4 > 0), international reserves at the
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central bank will be falling at an increasing rate. Since the lower bound for
international reserves will be reached in finite time, the fixed exchange rate
regime is unsustainable. The central bank will thus be forced to abandon
the peg at some point in time 7. Private agents expect the central bank
to allow the exchange rate to float from time 7" onward, while leaving its
domestic credit policy unchanged. Hence they expect that at time T the
economy will jump to its long run steady-state with the domestic currency
depreciating at the constant rate of monetary expansion, x.!” Formally, the
expected path for the rate of devaluation/depreciation is given by
<
= {h T g

Given (35), the path of the nominal interest rate is known to be given by

(36)

P 0<t<T,
PTY r4p, t>T.

In addition, the implied paths for the lending spread and the deposit spread

are given b
: ’ - I§ 0<t<T,
L =1If = I t>T. (37)

_ _ g <
Ig:{ér (1—6)I, 0<t<T, (38)

Sip— (1— 8%,  t>T.

To tie down the time of the crisis it is useful to note that the path for
the nominal exchange rate must be continuous, i.e., £ cannot jump at 7'
Moreover, the central bank balance sheet dictates that assets must equal
liabilities at all times. Since reserves must go to zero at T', central bank
assets at that time must equal d7.. Since total central bank liabilities at
time 7" are given by dhr and from the commercial bank’s balance sheet we
know that 6h + z + n = h, the central bank balance sheet identity at T’
dictates that we must have

DneuT
bhy = —=—, (39)

1TThis is a perfect foresight monetary model with no intrinsic dynamics. It can be
easily shown that the perfect foresight equilibrium path under flexible exchange rates is
stationary with the rate of currency depreciation, ¢, being equal to the rate of monetary
expansion, K.
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Equation (39) implicitly defines the time of collapse 7'

In what follows, we denote all pre-collapse variables by the subscript 0
and post-collapse variables by the subscript T". Letting 7'~ denote the instant
before the run, the discrete change in central bank liabilities at the moment
of the crisis T is given by

AmT = 6hT— - 6hT, (40)

which corresponds to the loss in international reserves since ARy = Amyp.'®
Of course, for internal consistency we need to show that a rise in the nominal
interest rate that accompanies a collapse of the fixed exchange rate regime
must lead to a fall in the demand for m (or, at least, not lead to a rise in m)
along a perfect foresight equilibrium path. This is one of the issues that we
analyze next.

Passive interest rate policy: The Krugman case We have set up our
model so that it reduces to a standard Krugman model (with an endogenous
labor supply) for the case that policymakers set the domestic interest rate
(#9) equal to the market interest rate (i), in which case I§ = I = 0. In this
case, the banking sector plays no role and the model delivers the standard
results that would arise in a model with no banks and a standard labor-
leisure choice. We refer to this case as the “passive interest rate policy”
case since policymakers choose not to use their ability to engage in an active
interest rate defense (which would require setting the domestic interest rate,
i9, above the market rate, 7). Notice that I = I} = 0 implies, by (21), that
I§ = It = 0 so that firms do not face a premium for having to resort to bank
credit.

The following proposition summarizes the results for this Krugman case:

Proposition 1 Let I§ = I} = 0. Then, at the time of the crisis (T), the
deposit spread I¢ rises, but consumption and output remain unchanged.

Proof. From (21), it follows that I§ = I = 0. Hence, from equations
(31) and (33), neither n nor = change at T. The fact that ¢ must rise at
T follows directly from equation (38). Since I rises, equation (8) implies

1¥Note that from time T onward, real net domestic credit remains constant since D™and
E both rise at the common rate p.
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that h falls at T. Since n remains unchanged while h falls, the bank balance
sheet identity immediately implies that z must fall as well.
To see that consumption must remain unchanged at 7', note that equation
(5) implies that
(co — Cxf) ™7 = (er — Cap) ™7,

since along a perfect foresight path the multiplier A remains unchanged.
Hence, ¢y — ¢r = ( (zf — x4). Since zy = xp, it follows immediately that
co=cr. R

Proposition 1 shows that at the time of the crisis there is a run out of
deposits (and, hence, out of monetary base, as banks hold cash reserves
against deposits). The rise in the deposit spread, I¢, at the time of the crisis
reduces the demand for deposits. The fall in deposits reduces the loanable
funds available to the banks. Since the lending spread, I', is unchanged,
the demand for loans by firms remains unchanged as well.  Given that
domestic bonds and loans to firms are perfect substitutes in the commercial
banks’ asset portfolio, the banks adjust to the lower supply of loanable funds
by reducing their holdings of domestic bonds while keeping private lending
unchanged. In terms of Figure 2, the crisis takes place at time 7, where
the superscript k& stands for the Krugman case (i.e., passive interest rate
policy). Notice, of course, that these are the same results that would obtain
if there were no banking system in the model and households held directly
the monetary base.

We should also note that the result that output and consumption remain
unchanged at the time of the crisis under a passive interest rate policy is
a direct result of our assumption that the transactions technology is inde-
pendent of consumption. As shown in appendix B (Proposition 6), if the
transactions technology were non-separable between consumption and de-
posits then the opportunity cost of consumption would also reflect the cost
of holding deposits, 7¢. In that event a rise in ¢ would change the optimal
consumption-leisure allocation at T'. In particular, at the time of the crisis
there would be a negative labor supply effect which would reduce output
and create a recession. This appendix also shows that our main results go
through in the non-separable case as well.!?

19The labor supply effect of changes in the distortion of the consumption-leisure alloca-
tion is discussed in detail in Lahiri (1996).
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4 Delaying the crisis at the cost of an output
contraction

We now turn to the central focus of the paper; namely, the effects of an active
interest rate defense of the peg. In this set-up, the monetary authority
can set a piece-wise flat path for I/ (i.e., it sets both I§ and I, but not
necessarily at the same level). The next section will focus on determining
the optimal path of IJ. To set the stage, this section examines the main
trade-offs involved. In particular, we will focus on whether the monetary
authority can delay an impending BOP crisis by actively defending the peg
with high domestic interest rates and, if so, at what cost in terms of output.
We consider two interest rate policies. The first policy — referred to as a
contemporaneous interest rate defense — entails setting a positive I} (while
keeping I§ equal to zero). In this case, domestic interest rates are raised
at the time of the crisis (although the policy is announced at time 0). The
second policy — referred to as a preemptive interest rate defense — involves
raising Ij (for I§. = 0). In this case, domestic interest rates are raised before
the crisis takes place.?’

4.1 Contemporaneous interest rate defense

Suppose that, at ¢ = 0, policymakers announce the following path for I{:
0 0<t<T

g __ ’ _ —= )
It_{o<1‘%g1§f‘, t>T, (41)

where 4 denotes the value of I3 for which I = 3.2

The idea behind this policy is that by merely announcing at time 0 that
domestic interest rates will be raised when market interest rate increase, the
resulting higher future demand for domestic financial assets will postpone
the crisis (relative to the Krugman case).?? The following proposition shows

that this policy objective is indeed achieved, but at the cost of an output
fall:

20Obviously, policymakers can set any path of I and not necessarily one that involves
setting either I§ or I7 to zero. But examining the two cases just mentioned is all that is
needed to convey the basic message.

2In other words, from (38), I" is the value of I3 that satisfies §ip — (1 — §)I%" = ér.

22 19" denotes the value for I§ for which I$ becomes equal to I§; that is, from (38), I
satisfied 8ip — (1 — 8) 15" = or.
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Proposition 2 Let the path of If be given by (41). Then, the crisis occurs
later than in the Krugman case and is accompanied by a fall in output. Fur-
thermore, the higher is I%, the longer the crisis is delayed but the larger is
the fall in output.

Proof. From (21), it follows that the path of I* is also given by (41).
Hence, from (31) and (33), it follows that both z (and thus output) and n
fall at 7. From (38), it follows that for all [ < I#, I rises at T. For
I§ = I, I does not change at T. Hence, for all I{. < I{", (8) implies that
h falls at T. For I = IJ*, the demand for deposits does not change at T
Hence, since n falls at T', the bank’s balance sheet implies that z goes up. In
this case, the crisis occurs at the point in time at which reserves reach zero
(i.e., there is a crisis but no run). Relative to the Krugman case analyzed
in Proposition 1, notice that I¢ is now lower, which implies that h; is now
higher. It is thus clear from (39) that, when the policy is given by (41), T
is larger than in the Krugman case. Hence, the crisis is delayed relative to
the Krugman case. When I# = ", the maximum delayed is achieved in the
sense that the crisis occurs at precisely the point in time at which reserves
reach the critical level of zero.

To show that the higher is I%., the more the crisis is delayed but the larger
is the fall in output, differentiate (31) and (33) to obtain (using (15) along
with the facts that 19 = I' and n = ¢wz at all times):

dx ¢ 1 v 1 o ¥

i = tile) (iag) <o e enm)
1 2v—1

dn ¢'v (1)~ L\ y

dlg _ _y—1<u_§) <1+¢Ié) <0, forall I% € [0, I57].(43)

This implies that the more aggressive is interest rate policy (i.e., the higher
is I}), the more output will fall at 7" and the lower is post-crisis credit.??

Since ¢ falls as I% rises, the post-collapse money demand h; must rise
with I¥. In particular, from equation (8) we get

dhyp

ar — - 8 (I8) > 0, (44)

230f course, since x is invariant with respect to I%, the fall in output at T° (equal to
xo — x7) depends only on zp. Notice that zg,ng, and hg are also invariant with respect
to I7. On the other hand, it is easy to show that a change in I does alter the level of
pre-crisis consumption, ¢y. However, the change in ¢y only affects welfare.

21



which implies, from (39), that 7" is also an increasing function of I7.

It is also easy to establish that a rise in I} must cause bond holdings
(z7) to rise. Recall that the commercial bank balance sheet implies that
(1 = 8)hr = zr + ny. Equations (42) and (44) show that ny falls while
demand deposits hy rise as % rises. The rise in total bank assets zr + nr
that is implied by the rise in hr in conjunction with the fall in ny implies
that zz must rise with I7 as well B

We have thus shown that by merely announcing that domestic interest
rates will be raised whenever market interest rates increase, the monetary
authority can delay the crisis relative to the Krugman (i.e., passive interest
rate policy) case. In terms of Figure 2, this implies that the crisis will
happen for T' > T*. In fact, policymakers can delay the crisis all the way
up to point 7™ where there will not be a final speculative attack (i..e, there
is a crisis, in that the monetary authority must abandon the fixed exchange
rate, but no run). In practice, this ability to postpone the crisis may make
all the difference since it gives time to the fiscal authority to put its house in
order and therefore prevent the crisis altogether.?!

Intuitively, the real effects of a higher I arise due to the higher lending
spread that is induced by higher domestic interest rates. The higher lend-
ing spread reduces loan demand and, hence, employment and output. This
induces banks to substitute out of loans and into bonds. A competitive bank-
ing system implies that the higher returns on bank assets is also reflected in
a higher deposit rate for households which, in turn, increases deposits with
the banking system. In effect, domestic bond holdings rise by more than the
fall in bank loans since the banks also use the higher deposits to hold more
government bonds. Note that while the banks are indifferent between lending
to firms and lending to the government, the higher lending rate implies that
the demand for loans by firms becomes smaller.

Figure 3 illustrates Proposition 2 by simulating the model.?> The time
unit is year. For this parametrization, I = 0.075. In other words, when
I = 0.075, then I¢ = I¢ = 0.024. Figure 3 then shows how T', the fall in

24We could introduce this feature in the model in a simple way by assuming that at any
point in time there is a certain (exogenous) probability that the fiscal authority solve its
underlying problems. In such a setting, delaying might avert a crisis altogether. (In a
more complex setting, this probability could be endogeneized along the lines of Guidotti
and Végh (1999).)

%5 Details of the simulation (which is done for qualitative purposes only and does not
attempt to replicate any particular episode or country) can be found in appendix A.
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m at T (which captures the final speculative attack), the fall in output at
T, and welfare (discussed below) behave as I7. is varied from 0 to 0.075. As
expected, T is a strictly function of I¥,, with — in terms of the correspondence
with Figure 2 — T(I§ = 0) = T* and T(I§ = I¥" = 0.075) = T*. Panel B
(fall in m) shows that for I}, = 0.075 there is no run. As shown in Panel
C, this delay is achieved at the cost of an increasing fall in output, which
already suggests that it may not be optimal to delay the crisis as much as it
is feasible to do (i.e., up to point 7* in Figure 2).

4.2 Preemptive interest rate defense

In this model, policymakers can also attempt to defend the peg by raising
interest rates before the crisis occurs. To isolate the effects of such a policy,
suppose that, at time 0, policymakers announce the following path for I7:

(45)

79— 0<II<Iy, 0<t<T,
t) 0, t>T,

where [§"is the value of I§ that implies that I =0 2°

In studying this case, the assumption that the transactions technology
does not depend on consumption turns out to be critical. In this case,
increases in I§ do not affect T' (but would reduce output anyway, as can
be easily seen). Therefore, we will consider the general case in which the
transactions technology does depend on consumption and use simulations to
illustrate the main effects. The following proposition summarizes the results.

Proposition 3 Let the path of I} be given by (45). Then, for small values
of I§, the crisis occurs later than in the Krugman case, but at the cost of
a pre-crisis contraction (relative to the Krugman case).  Further raising
domestic interest rates, however, may actually bring forward the crisis.

Proof. We have established existence of all cases discussed below by simu-
lating the model. The appendix discusses the effects of I§ on 2y and shows
under what conditions z is a decreasing/increasing function. B

Intuitively, the effect of a higher I§ on T can be thought of as consisting
of two separate effects: the money demand effect and the output effect. To
isolate the money demand effect, suppose that ¢ = 0 (no output effect).

26From (38), I§" = 557
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Then a higher I§ implies a lower [; that is, the opportunity cost of holding
demand deposits is lower. As a result, pre-crisis demand for deposits is
higher, which implies lower pre-crisis transaction costs. Since the present
discounted value of transactions costs falls, both pre-crisis (¢q) and post-crisis
consumption (c¢7) increase. The higher post-crisis level of consumption raises
post-crisis real demand for deposits, which tends to delay the crisis (i.e., tends
to increase T'). Hence, the money demand effect tends to postpone the crisis.
In and of itself, this money demand effects tends to increase pre-crisis output,
by reducing the effective price of consumption (which induces households to
consume more and work more).

The output effect, however, goes in the opposite direction. All else equal,
a higher ¢ implies that the recessionary impact of I on pre-crisis output is
larger. This tends to reduce the present discounted value of output, reducing
both pre- and post-crisis consumption. The fall in post-crisis consumption
tends to bring forward the crisis. The output effect tends to depress pre-crisis
output.

All else equal, whether the money demand effect or the output effect
dominates will depend on the magnitude of ¢. For small values of ¢, the
output effect will be small and therefore the money demand effect will prevail.
In this case, raising interest rate will always delay the crisis. For larger values
of ¢, however, the output effect becomes more important. It then becomes
possible that, as interest rates becomes higher, the output effect will more
than offset the money demand effect and further raising interest rates will
actually bring the crisis forward. Such a case is illustrated in Figure 4. As
shown in Panel A, increasing domestic interest rates by a small amount does
delay the crisis. Soon, however, the delay is maximized and further raising
interest rates begins to bring forward the crisis. In fact, raising interest
rates too much implies that the crisis would occur even before it would occur
in the Krugman case (i.e., in terms of Figure 2, the crisis would occur for
T < T*).2" Finally, Panel C shows that pre-crisis labor (and, hence, output)
falls in response to higher domestic interest rates, as the output effect is
large enough to more than offset the money demand effect. (Panel D will
be discussed below.)

2TFor even larger values of ¢, raising interest rates would bring forward the crisis even
for small increases in interest rates due to the large output effect.
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5 Optimal interest rate policy

Having analyzed the ability of higher domestic interest rates in delaying a
crisis (albeit at the cost of a recession), we now turn to the issue of whether
an active interest rate defense of a peg is optimal or not. Clearly, even
when raising domestic interest rates succeeds in delaying the crisis, it is not
obvious at all that it is optimal to do so. To illustrate this fact — and before
turning to a formal analysis of optimal interest rate policy — consider panel
D in Figures 3 and 4. In the case of contemporaneous interest rate defense
(Figure 3), we see that raising I9 relative to the Krugman case is welfare
improving. However, beyond a certain point, further raising interest rates is
not optimal (i.e., welfare decreases) even though the crisis is further delayed.
This illustrates the fact that even when it is feasible to delay a crisis, it may
not be optimal to do so. The same is true in the case of preemptive interest
rate defense (Figure 4). In this case, there is also a range of interest rate
increases for which it is feasible but not optimal to delay the crisis. The
obvious questions then arises: given the Krugman distortion (i.e., given a
path of domestic credit growth which is inconsistent with the fixed exchange
rate), what is the path of domestic interest rates that maximizes households’
welfare?

To answer this question, notice that since the paths of consumption and
labor may change only at 7', household’s welfare, given by equation (1), can
be expressed as

1

V=rae

{{(eo = Cat)=/7 = 1] (1= &™) + [fer = Cat) 7 — e

(46)
Given that the multiplier A is constant along any perfect foresight path, first
order condition (5) implies that ¢y — (zf = c¢r — (2%. Combining this with
(28), (46) can be rewritten as:

T ﬁ {{lzo = cat — wiho)) (1= ) + for — o — i)™} =1},

(47)
Since all endogenous variables in (47) are functions of I§ and I, we can
formally write the government’s problem as:

{IX?I,&}?} [z0 — (g — ¥ (ho)] (1 - e_rT) + [zp — Cxf — qp(hT)]e—TT
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where

zg = To(17),
zp = Tr(l7),
T = T(I),
ho = ho(I5),
hr = he(If),

I¢ = ér—(1-6)I,
It = Gip— (1 -84,

as follows from (8), (20), (31), and (39) (and recall that ¢, = 0).
The first-order conditions for this problem are given by:

—dz(I? —dhy(I¢

(1= ¢ =g = (1= sl =, (48)
—dip (I —dhp (I8 dT (14

(1= ¢op ) = = (1= ey e =) S, e

where I' = zg — (xf — ¢(ho) — [zr — Cxf — (hr)].

At an optimum, the government equates the marginal costs and benefits
of higher I§ and I}. What are the marginal costs and benefits of increasing
I§? The term on the LHS of (48) captures the marginal cost of raising I§.
Specifically, a higher I§ leads to a higher lending spread (a higher I§). This,
in turn, increases the effective real wage and thus reduces labor. Lower
labor implies less output (a negative effect) but less disutility from labor (a
positive effect). In equilibrium, however, the output effect prevails (or, at
most, the two effects exactly cancel each other), so that the term on the LHS
of (48) is either positive or zero.?® The term on the RHS of (48) captures
the benefit of raising I§. A higher I reduces the opportunity cost of holding
demand deposits (I¢), thus increasing real demand for deposits and reducing
transaction costs. Hence, condition (48) says that it is optimal to raise I§
up to the point at which the marginal benefit of reduced transactions costs
equals the marginal cost of a lower labor supply.

28 Notice that, from (31), it follows that for ¢ =0, 1 — (vaf ' =1~ (val ! =0. For
¢ >0, then 1 — nygfl >0and 1— Cyaz%fl > 0.
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What are the marginal costs and benefits of increasing I77? The same
two effects just discussed still hold. In other words, the LHS in equation
(49) captures the marginal cost (in terms of reduced output net of the lower
disutility of labor) of a higher IJ. Similarly, the first term on the RHS
indicates the benefits of reduced transactions costs due to a lower I%. There
is, however, a third effect captured by the second term on the RHS of (49).
By lowering I%, a higher I% delays the crisis which prolongs the good times
and is therefore welfare improving.?

5.1 Benchmark case: no output costs

The natural benchmark is the case in which ¢ = 0. In this case, firms
need not resort to bank credit to pay the wage bill and therefore the output
channel is shut off. The optimal interest rate policy is stated in the following
proposition.

Proposition 4 Let ¢ = 0. Consider a perfect foresight equilibrium path
for a given path of the nominal interest rate, i;, given by (36). Given such
a path for i;, the optimal path for I} is given by:

I = r

1-6 (50)

Y
TS

I . (51)
This policy achieves the first-best equilibrium.  When the crisis occurs
there is no run.

Proof. From (20), it follows that setting (50) and (51) implies that I =
I% = 0. Hence, it is easy to check that the optimality conditions (48) and
(49) are satisfied. Since households are satiated with real demand deposits,
transactions costs are zero, and the first best equilibrium is achieved. ®
The intuition behind this proposition is straightforward. When ¢ = 0,
the only distortion present in this economy is the fact that if the opportunity
cost of holding demand deposits is positive (as opposed to zero), the private

29Notice that if both ¢ = 0 and I§ = I%, then T = 0. At this point, there is no
difference between the good times (pre-crisis) and bad times (post-crisis) and hence the
marginal benefit of delaying is nil.
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sector will not hold the socially-optimal level of real demand deposits. It is
thus clear that it is optimal for the government to implement the Friedman
rule, which implies setting I¢ = I$ = 0. To achieve this, [§ and I% need to
be set at the levels indicated by (50) and (51). By so doing, the government
is able to fully offset the non-flat path of i; and the first-best equilibrium is
achieved. The optimal interest rate policy thus involves a hike in domestic
interest rates at 7T'.

Since the opportunity cost of holding demand deposits does not change at
T, nor does the demand for bank deposits. This implies that, at the time of
the crisis, there is no run. In other words, the crisis is going to occur at the
point in time at which international reserves reach zero (a point like 7 in
Figure 2). Hence, in the absence of output costs, it is optimal to maximize
the delay.

5.2 QOutput costs

Having a well-defined benchmark case, we can now ask the question: what
is the optimal path of I when output cost are present? (i.e., when ¢ > 07)
The main result is as follows.

Proposition 5 Let ¢ > 0. Consider a perfect foresight equilibrium path for
a given path of the nominal interest rate, i, given by (36). Given such a
path for i, it is always optimal to deviate from the Friedman rule; that is, it
18 optimal to set domestic interest rates lower than in the absence of output
costs.

Proof. . See appendix C

Proposition 5 says that, in the presence of output costs, it is not optimal
to implement the Friedman rule. Intuitively, implementing the Friedman rule
would eliminate the distortion on money demand but would imply a first-
order distortion on the path of labor. This cannot be an optimum because
there is no first-order welfare loss associated with marginally increasing the
opportunity cost of holding demand deposits, while there is a first-order
welfare gain from reducing the labor supply distortion.

Of course, it is still true that setting the Friedman rule maximizes the
delay. Doing so, however, is not optimal due to the output cost associated
with higher interest rates. Hence, even though it is feasible to further delay
the crisis, it is not optimal to do so.
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5.3 Effects of higher output costs on optimal interest
rate policy

It seems intuitive that, as ¢ is increased, we would expect the optimal do-
mestic interest rates to become lower and the optimal T to become smaller
as well. In other words, the higher the output costs, the more costly it is
to delay the crisis (even though it is, of course, always feasible to do so),
which makes it optimal for the monetary authority to be less aggressive in
raising interest rates and let the crisis occur sooner. In order to check these
conjectures, we resorted to simulations of the model.

Figure 5 shows how the optimal values of I§, I}, and T vary with ¢. As
we already know from Proposition 4, for ¢ = 0, the optimal policy consists in
implementing the Friedman rule, which in this case requires setting I§ = 0.06
and I} = 0.135. In the absence of output costs, therefore, it is optimal for
the monetary authority to pay a positive premium for government bonds
and then at the moment of the crisis raise this premium even further. As
the value of ¢ increases, however, the output cost of an active interest rate
defense go up. Hence, the optimal values of both I§ and IJ decrease with
¢, as shown in panels A and B. In other words, the higher is ¢, the less
aggressive is the optimal interest rate policy. As a result, the optimal value
of T (i.e., the moment in time at which the crisis will take place when the
optimal interest rate policy is in place) is also a decreasing function of ¢,
as shown in Panel C. In other words, as output costs become higher, it is
optimal to let the crisis occur sooner.

6 Conclusions

The increasing frequency of BOP crises in disparate parts of the world raises
the issue of what is the appropriate policy response to such episodes. In this
paper we have looked at an often used tool to fight off speculative attacks —
higher interest rates. Higher interest rates typically work by increasing the
demand for domestic currency assets — the money demand effect. However,
they also come with some adverse side-effects. In particular, policymakers
are often concerned about the fiscal and output consequences of an aggressive
interest rate defense of an exchange rate peg.

In this paper we have studied a model where higher interest rates do
indeed have a positive money demand effect but they also extract an out-
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put cost. The key transmission mechanism through which interest rates
have output effects is the credit channel. Banks require deposits to produce
loans while firms need bank loans to pay the wage bill. Since loans to firms
and domestic government bonds are perfect substitutes in the commercial
banks’ portfolio, a higher interest rate on domestic bonds increases the lend-
ing spread. This reduces employment and results in a contraction in output.
The positive money demand effect arises from the fact that higher domestic
interest rates also induce a higher deposit rate which increases the demand
for deposits (and, hence, money).

On the positive side, we have shown that raising interest rates typically
helps in postponing a crisis but that, in the case of a preemptive interest rate
defense, raising interest rates beyond a certain point may actually bring the
crisis forward. The reason is that the negative effect on money demand of an
output contraction may more than offset the positive money demand effect.
This result thus calls attention to the fact that, due to the recessionary
effects, higher interest rates may at times not even help in delaying a crisis
(and, hence, buying time to address the underlying bad fundamentals). On
the normative side, we show that the presence of output costs implies that
the optimal interest rate defense of the peg is less aggressive than it would
otherwise be. Hence, the higher are output costs, the lower should domestic
interest rates be and the sooner should the crisis be allowed to occur. The
results are particularly striking in that they suggest that while small increases
in interest rates may be welfare enhancing, once interest rates become high
enough it may not be optimal to raise interest rates any further even though
the central bank can successfully postpone a crisis by doing so.

In previous work (Lahiri and Végh (2000)) we have examined the trade-
off between the positive money demand effect of higher interest rates and
the negative inflationary effect due to the higher fiscal burden generated by
such policies. Our finding in that paper was also that the welfare effects of
higher interest rates can easily be non-monotonic — with welfare improving
for low degrees of interest rate activism but falling for higher degrees of
activism. When those results are viewed in conjunction with the results of
this paper they suggest cause for extreme caution and restraint in the use
of higher interest rates as an instrument for defending exchange rate pegs.
While some (low) degree of interest rate defense may be desirable, an overly
aggressive interest rate policy may be counterproductive.
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Appendices

A Simulation of the model

This appendix provides details on the simulations reported in the text. We
assume that money demand follows the Cagan specification. As is well
known, the Cagan money demand functions arises from the following trans-
actions cost function:

W(e,h) = el — F(h — Glogh)], (52)

where ¢(> 0), k(> 0), F' (> 0) and G (> 0) are parameters. The parameter
k is just a constant which ensures that, in equilibrium, transactions costs are
non-negative.

A.1 Transactions technology does not depend on con-
sumption
If ¢ = 0, then it follows from (52) that the transactions technology does not

depend on consumption. This is the case formally analyzed in the text. In
this case, the demand for deposits (equation (8)) reduces to:

9

h=e¢o e G, (53)

Note that 1/G is the (constant) semi-elasticity of h with respect to the op-
portunity cost I¢ of holding deposits.
The common parametrization underlying Figure 3 and 5 is given by:

= 004, F=G=10, k=10.75, (=0.9,
o = 05 wv=11, §=06, n=1, d =058 (54)

For Figure 3, ¢ = 0.04. For Figure 5, ¢ varies in the interval [0, 1.5].

A.2 Transactions technology depends on consumption

If ¢ > 0, then the transactions technology (52) (and, hence, the demand for
deposits) depends on consumption. In this case, the demand for deposits
takes the form:
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F-G 14

h:e G e Gcid

The parametrization underlying Figure 4 is the same given in (54) and,
in addition, ¢ = 0.0025 and ¢ = 0.008.

To check the robustness of the results depicted in Figure 3 and 5 to
the assumption that ¢ = 0, we ran simulations for the ¢ > 0 case for the
scenarios discussed in the text and presented in Figures 3 and 5. The results
(not shown to conserve in space but available from the authors upon request)
were qualitatively the same.

B General transactions costs technology

For analytical simplicity, the text dealt mostly with the case in which the
transactions technology (2) does not depend on consumption. This ap-
pendix derives some analytical results for the case in which the transactions
technology does depend on consumption and the transactions technology is
homogeneous of degree one:

hy

se = qu(—), (55)
Ct
v > 0,0 <0, v >0,
h h
v = 0 for a finite value of —, v = 0 for the satiation level of —. (56)
c c

For this specification, notice that the households’ optimality conditions
reduce to:

(e = Ca)™H7 = a(If), (57)
vt = (58)
—U'(%) = I'= h=cL(, L'(IY) <0, (59)

where p(I{) denotes the effective price of consumption and is defined as:
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Py = 14 o[L(H)] — V[LUNIL) > 1.
P = —[LUHLILIY > 0.

The homogeneity of degree one implies that the effective price of consumption
depends only on the opportunity cost of holding demand deposits (I?).

The following proposition shows that in the Krugman case (i.e., the case
in which I§ = I} = 0), the crisis at time T is accompanied by a fall in output
and consumption.

Proposition 6 Let (i) the transactions technology be given by (55) and (ii)
I§ = I% = 0. Then, at the time of the crisis (T'), the deposit spread I¢ rises
and consumption and output fall.

Proof. The fact that I¢ must rise at T' follows directly from equation (38).
Hence, p(I$) > p(I3). As a result, it immediately follows from (58) that
zo > xp. In other words, output falls at 7. From (5), it follows that

<co — (at )1/“ _p(19)

cr — Cxh

since along a perfect foresight path the multiplier A remains unchanged.
Hence,

co — Cxg > cp — (7.

Since xy > x7, the last inequality implies that ¢y > cp. B

Intuitively, the rise in the effective price of consumption at time 7" makes
consumption relatively more expensive (relative to leisure). Hence, house-
holds choose to consume less and enjoy more leisure (i.e., work more).

Preemptive interest rate defense Consider now the effects of a small
change in I§ (for an unchanged I%). From (31), it follows that

d -1
W= oo DT e - P ) - 81+ 61 Y60)
where ¥

(1+ ¢ID[L + p(15)].
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It follows from (60) that

% > 0iff ¢[1+p(I)] < p'(I5)(1 — 6)(1 + oIY),
T
Z—E < 0iff gL+ p(I§)] > p/(I§) (1 — 6)(1 + ¢IF).

This shows that, for low values of ¢, output is an increasing function of
I3, while for high values of ¢ output is a decreasing function of I%.

C Proof of proposition 5

We will show that one can always find a value of ¢ (> 0) for which it is
optimal to deviate from the Friedman rule. Evaluating conditions (48) and
(49) for ¢ > 0 around the Friedman rule yields:

oW dio (1)

vy _ 1— e*TT 1 — mvfl <0 61
8[09 Ig:I%:O ( ) ( C 0 ) dIOQ ( )
oW o [ AT (1) . dip(I3)

- e "™ |rT———=+ (1 — (2] 62
6];191 Ig:I%:O dl% ( T ) dI’IQ1 ( )

Since the term in square brackets on the RHS of (62) depends only on
parameters, it is easy to show that one can always pick a value of ¢ for which

ow
o <0.

d__7d _
1¢=12=0

D CES preferences

We now show that the results derived in the main text for GHH preferences
hold for standard CES preferences. This provides a theoretical check of the
robustness of our results.

Let preferences now be given by:*"

30Unless otherwise noticed, we keep the same notation as in the main text.
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o} 17% —
wo= | [“(Ct’ft)] Loy (63)
0 7

w—1
w—17""%

where u(cy, b)) = [ﬁc:Tl—l—(l—f)ftT :

where /; denotes leisure, o is the intertemporal elasticity of substitution, and
w is the elasticity of substitution between consumption and leisure. We also
assume that w > 0.3! The time endowment of the household is normalized
to unity. The households’ lifetime constraint is therefore still given by (4)
(with ; = 1 — £;). The optimality conditions for this problem are given by
(7) and:

fu(er, )] 9 = A, (64)
gt w
) - )

It is easy to check that in the Krugman case, this specification leads to
a BOP crisis in which both output and consumption fall. Figure 6 presents
a typical simulation of this model, which carries out the same exercise illus-
trated in Figure 5 for the GHH preferences. The basic parametrization is
the same as in (54) (except for the preferences parameters) and, in addition,
o0 =0.3,w=0.5,and £ = 0.5. As is clear from the picture, the same qual-
itative results obtain. In other words, in the presence of output costs, it is
not optimal to maximize the delay. Further, the higher the output costs,
the less aggressive the optimal interest rate policy, and the sooner should the
crisis be allowed to occur.
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Figure 3. Contemporaneous interest rate defense
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Figure 4. Preemptive interest rate defense
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Figure 5. Optimal interest rate policy as a function of ¢
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Figure 6. CES preferences: Optimal interest
rate policy as a function of ¢
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