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Abstract

This paper uses a dynamic stochastic rational expectations model of a
small open economy to shed some light on factors determining exits from a
fixed to a flexible exchange rate regime. Exits are in the model determined
by a concern for macroeconomic stabilization. If cost-push shocks are impor-
tant relative to demand shocks exits should occur more likely in times of low
consumption and output, high interest rates, negative asset holdings, current
account deficits, high inflation and high domestic prices. If the policy maker
is more sensitive to negative rather than positive output deviations the prob-
ability of exits increases overall and is tilted toward exits with accompanying
depreciation.
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1 Introduction

According to the de facto classification in IMF (2003) the share of countries with
pegged exchange rates decreased from about 80 to about 60 percent between 1990
and 1998. What explains exits from a fixed to a flexible exchange rate regime?! The
literature explains this in two ways:

(i) Economic fundamentals or speculators drive the authorities towards a point
of no return where the only option is to let the currency float.

(ii) Parity is at an unacceptable level to the decision makers and this triggers an
optimizing decision to exit from the fixed exchange rate regime.

The first explanation involves what is called "first generation" and "second gener-
ation" models of currency crises. In the "first generation" model by Krugman (1979)
it is fundamentals themselves that bring about the breakdown of the fixed exchange
rate regime. The breakdown is inevitable since an exogenous government deficit is fi-
nanced by borrowing from the central bank. Since the nominal exchange rate is fixed
and purchasing power parity holds, the depreciation pressure on domestic currency
is offset by the central bank buying domestic currency with international reserves.
With limited reserves, there will come a time when speculators realize that the fixed
exchange rate regime cannot be sustained and the currency inevitably depreciates.
This model of currency crises appeared to be appropriate for the Latin-American
countries experiencing sharp currency depreciations following a fixed exchange rate
regime in the 1970’s and 1980’s.

For the countries involved in the ERM-crisis in the early 1990’s there seemed to
be less of a problem of poor fundamentals and more of a problem of inconsistencies
in policy making that lead to more or less "self-fulfilling" currency crises. Obstfeld
(1986), stresses the importance of expectations in the collapse of a fixed exchange
rate regime and investigates the possibility of multiple equilibria. This model has
been called "second generation" as it stresses the importance of the expectations
channel for depreciations and fixed exchange rate regime collapses.

However, there is a considerable similarity in that both the Krugman and the
Obstfeld models treat the occurrence of the exchange rate regime collapse as more or
less inevitable and something that the policy maker only passively observes without
taking a stand on what is preferable and on what actions that would be necessary
to defend the fixed exchange rate regime. But as Obstfeld and Rogoff (1995) argue

a country is always able to resist a speculative attack if it is truly committed. It

IThe "fixed" arrangement comes in many flavors: peg to a single currency (such as the USD),
peg to a basket of currencies (which was the case in the ERM) or a currency union such as the
EMU.



can do so by buying back the entire monetary base and driving up interest rates.
Therefore, the policy maker always has the option not to exit the fixed exchange
rate regime; it is only a matter of the willingness of the policy maker to bear the
costs of staying.?

The second explanation of fixed regime exits instead emphasizes the optimizing
decision of the policy maker. Edwards (1996), Bensaid and Jeanne (1997), Ozkan
and Sutherland (1998), Bénassy-Quéré and Coeuré (2002) and Rebelo and Vegh
(2006) present stylized models within this category.> These studies all have in com-
mon that they view the choice of exchange rate regime as an optimizing decision
involving economic and political elements. Bensaid and Jeanne (1997) and Ozkan
and Sutherland (1998) consider an optimizing policy maker who may voluntarily
choose to exit from a fixed exchange rate regime. In these models it is concerns
about macroeconomic stability that may make the policy maker exit from the fixed
exchange rate regime. Obstfeld (1996) and others argue that this type of model
appears to offer a more accurate portrayal of the ERM-crisis and aspects of other
crises such as the one in Mexico 1994-95. Although it is an oversimplification that
countries which exit from a fixed exchange rate regime do so only for stabilization
purposes, stabilization motives will most certainly be important. For example, high
unemployment could be costly for the incumbent government and trigger the deci-
sion to exit from the fixed exchange rate regime to get a temporarily higher output
level under a flexible exchange rate regime.? In Rebelo and Vegh (2006), it is shown
that the mechanical rule of the Krugman-type of model, to leave the fixed exchange
rate regime when international reserves are depleted, is at odds with many historical
episodes. Instead, it as argued that a country will choose to leave a fixed exchange
rate regime because of large expected increases in governement spending.

In the empirical literature there seems to be some disagreement with regards
to why countries choose to exit from a fixed exchange rate regime. Eichengreen,
Rose, and Wyplosz (1995) and Duttagupta and Otker-Robe (2003) find little ev-
idence of systematic correlations between macroeconomic fundamentals and exits.
Detragiache, Mody, and Okada (2005) find that episodes of exits are characterized
by similar circumstances: an overvalued real exchange rate, falling reserves, and
high world interest rates. However, the empirical studies usually do not offer a very

rigorous justification of the choice of variables that enter the regressions. This paper

2 As was put at a seminar: "if someone comes up to you and asks for your money, there is always
the option not to give up the money although doing so might involve a very high cost..."

3These studies are in turn based partly on Barro and Gordon (1983).

4In Bergvall (2002, 2005) the author shows by counterfactual simulations that a flexible exchange
rate regime is more apt at stabilizing fluctuations in output and prices. This result also comes out
endogenously in my model.



is intended to give some guidance as to what variables that should predict exchange
rate regime exits and therefore also be the focus of future empirical work.

Following the optimizing approach in the second strand of the literature de-
scribed above, the purpose of this paper is to use a dynamic stochastic equilibrium
model for a small open economy to examine what variables that endogenously should
predict exits from a fixed to a flexible exchange rate regime if the policy maker is
concerned with stabilization of output and inflation. Simulation of the model is done
in DYNARE (see Collard and Juillard (2005)) and simulated data is studied further
by graphical analysis to investigate the links between the endogenous probability of
exit and observable fundamentals.

The results indicate that consumption, the current account, interest rates and
the domestic prices are related to the probability of exits from a fixed exchange rate
regime. The relative importance of factors are dependent on the relative importance
of cost-push and preference shocks. If cost-push shocks are relatively important,
low consumption, a negative current account, high interest rates, and high domestic
prices all increase the probability of an exit with accompanying depreciation of the
domestic currency.

The paper is organized as follows. Section 2 presents the model and section 3
considers alternative exchange rate regimes. In section 4 parameters are calibrated;
section 5 presents the numerical results and section 6 presents some sensitivity analy-

ses. Section 7 concludes.

2 Model

The model presented below is a dynamic stochastic rational expectations model of
a small open economy intended to capture the dynamics of exchange rate regime
exits from a fixed to a flexible exchange rate regime. The model is stripped down
to the bare minimum. The representative agent in the economy care only about
consumption; production is constant returns to scale and entirely demand driven;
there is no capital and the government minimizes a discounted loss of deviations
from steady state output and inflation. The government cannot levy taxes nor
make transfers. Staying in a fixed exchange rate regime no stabilization policy is
available since monetary policy is restrained by the defense of the currency peg.
In the alternative flexible exchange rate regime, monetary policy is carried out by
changes in the interest rate. The world is in continuous steady state with constant
prices and interest rates. There are two exogenous shocks that create deviations from

the steady state. One is a cost-push shock, the other is a preference shock. The



latter can be interpreted as a pure domestic demand shock. The model, however
stylized, puts the optimizing decision of the policy maker within a more realistic
setting than previous studies of the issue. The dynamic stochastic setting gives us
the ability to evaluate the relative importance of different factors for the probability
of exit that comes out endogenously from the model.

The policy maker makes a discrete choice between staying in fixed exchange rate
regime, at some economic cost in terms of excessive misalignments of fundamentals,
and leaving the fixed exchange rate regime. Either the policy maker chooses to stay
in the fixed exchange rate regime, retaining the option of leaving the arrangement
in the future, or exits to a flexible exchange rate regime today with monetary policy
carried out by an independent and perfectly credible monetary authority.” Once
the economy has left the fixed exchange rate regime it cannot revert to the fixed
regime. Opting out involves some loss of benefits from leaving the fixed exchange
rate regime. This loss of benefits may involve the inability to participate in a fixed
exchange rate system which itself could be an objective due to national pride or
commitment to international cooperation. Also, it may include negative effects on
trade because of an increase in short term volatilities of the exchange rate. The
policy maker will choose to exit if the perceived benefit in terms of macroeconomic
stability outweighs the benefits in the fixed exchange rate environment. The benefit
of increased stabilization will be a function of the variables and shocks hitting the
economy in each period. Purchasing power parity does not hold continuously, not
even for tradable goods. Sticky prices will imply that, following a negative demand
shock, domestic prices will decrease, which depreciates the real exchange rate, but
not enough to offset the demand shock. With the nominal exchange rate fixed, the
gross domestic product will decrease in the short run.

Agents will realize that leaving the fixed exchange rate regime is always an option
for the policy maker and will require a compensation for holding domestic currency
depending on the perceived probability of an exit from the peg. This premium
will drive a wedge between interest rates in the small open economy and the world

6 By treating the exit probability as an

even in the fixed exchange rate regime.
endogenous variable we can study how competitiveness, international indebtedness
and the current account and domestic interest rates affect the probability that a

country exits from the fixed exchange rate regime. The model is symmetric in

>This assumption is important in that the policy maker in the fixed exchange rate arrangement
might use monatary policy for political reasons whereas monetary policy in the floating regime is
solely for the purpose of macroeconomic stability.

6 Agents are risk neutral in investment so the premium only compensates investors for expected
depreciation of the currency.



that it treats the probabilities of de- and appreciations analogously. Calibration of
parameters in the model are based partly on micro studies and partly to make the

model fit some stylized facts.

2.1 Demand side

The utility, Uy, for the representative consumer is given by a utility function with

constant relative risk aversion and with consumption, C;, as the only argument,

_ 1 1-60

Consumption is a geometric average of home goods consumption,C},;, and foreign

goods consumption, C,,

Ct - C}’Z’tCﬁtli’Y. (2)

Assuming that the small economy representative agent can only invest in domes-

tically denominated assets, B, the intertemporal budget constraint becomes

By
1+t

= (Bf_1 + Py Y, — Pc,tOt) . (3)

The representative agent enters period ¢ with the home currency denominated assets,
B! |, gross of interest rate. The agents work in and own all domestic firms so that
the representative agent gets income P, ;Y;, where P} is the price of domestically
produced goods and Y; is the gross domestic production. Part of the nominal income
is consumed, P, ;C;, where P,; is the consumer price index. What is not consumed
is then carried over to the next period with interest.

Optimization on the part of the consumer with respect to C; and B} with a time

varying discount factor, f3,,

00 T B.’:
max [ 257_ [Uq- — )\7- |i1 T d - Bj—l_l - Ph,TY; + PC,TCT‘|‘| ) (4)
t=1

CthéL T

yields the following conditions:

C;% = NP, (5)

and

A

Combining (5) and (6) yields the Euler equation,



c?
Pc,t

= sritE (L) @

P, c,t+1
which determines the intertemporal allocation of consumption. The discount factor,

3,, evolves according to

ﬁt:B—’_et? (8)

where ¢; is a persistent preference shock. A sudden decrease in the discount factor
makes consumers value future consumption lower, and makes consumption increase
today.

Assuming the equivalent utility function and budget constraint for the represen-
tative world consumer, but allowing foreign consumers to invest in both small open
economy denominated assets as well as foreign assets, we can derive the uncovered

interest-rate parity condition,

. , S,

ity = ihE (%), )
St

where S; is defined as domestic currency needed to buy one unit of foreign currency.”

A default risk premium, ¢,, is appended to the uncovered interest parity condition

so that we get

1+ = (1 +i)p,E, <Sg1) . (10)

The default risk premium takes the functional form

¢, = exp (—¢By) . (11)

The risk premium captures the default risk as perceived by investors with the do-
mestic interest rate being higher than the world interest rate if the economy is a net
borrower, i.e. Bl < 0.®

The Cobb-Douglas utility function also implies constant expenditure shares on

home and foreign goods,’

Ph,tCh,t = WPc,tCt, (12)

and

"For derivation of the standard UIP condition, see Appendix.

8See Benigno (2001) for a version of this risk adjusted formulation. Allowing for the premium
is needed for a well defined steady state of the model, but the premium can be made arbitrarily
small.

9Constant expenditure shares becomes obvious if optimizing the object function in (4) with
respect to Cp, ¢+ and Cy ;.



StPf,th,t == (1 — ’Y)Pc,tct. (13)

By substitution of (12) and (13) back into (2) we get the relevant consumer price

index (CPI),

1

P, =—P], (SyPr,)' 7, (14)

where v, = 77(1 — 7)'77. The export function is derived by making analogous

assumptions about the world economy:!’

EX; = xQ; ", (15)
where
P+
= 2 . 16
Q=g (16)

E X, is exports; (); is a measure of the competitiveness of domestically produced
goods in the international market. An increase of (); indicates that the relative
price of domestic goods increases, i.e. domestic goods become uncompetitive on the
international market.

In the following we set foreign prices and interest rates constant and focus only

on domestic variables with Py, = P; =1 and i = i/.

2.2 Supply side

Output is entirely demand driven but also subject to the effects of a cost-push shock.
Market clearing in the goods market implies that production is equal to consumption

of domestic goods plus exports,
Y, =Ch + EX,. (17)

It is assumed that inflation follows a purely forward-looking Phillips curve (e.g.
Clarida, Gali, and Gertler (1999)), to which a transitory cost-push shock, u, is
appended

7= A(Y: = Yy) + BEi(mei1) + g (18)

A captures the effect of excess demand pressure on inflation and 3 is the discount
factor. The logic of equation (18) is that as output increases firms will raise prices

and overall inflation will increase.

10For derivation of the export function, see Appendix.



2.3 Summary of the model

Combining key equations and assuming that preference shocks are autoregressive of

order one we get

. P, .
Ct—e = B,(1+ z?)Et {P it thl} , (19)
c,t+1
B, = (1+ Z?) (Bi—1 + P — P..Cy) (20)
S,
14+ = (1+4i)¢,E ( ;“) : (21)
t
P..C _
Vo= g, (22)
ht

Ty = )\(K — Yn) + ﬁEtﬂ—t—i—l + u, (23)

6t - B + €, (24)

e = Pei-1+ Uy, (25)

and

uy ~ i.i.d.N(0,0%),v; ~ i.i.d.N(0, 02). (26)

P., :
77 — 1. Equation (19)

is the Euler equation; (20) the equation governing the evolution of assets and (21)

_ Ppy _ 1 py Ql—v . . . . .
Q: = = P, = EPhytSt and inflation is given by m, =

the uncovered interest-rate parity condition. Equation (22) is the aggregate demand
relation; (23) is the Phillips curve and (24) the time variant discount factor. (25)
is the persistent preference shock that governs the discount factor and (26) are the
pure shocks. This system cannot be solved without further assumptions since there

are ten equations and eleven variables, (C,i", P., B, P, S,Y,Q,, 3, ¢).

3 Alternative exchange rate regimes

So far a model has been presented without taking a stand on how monetary policy
is conducted. In this section I first present two possible solutions to the model, one
with a perfectly credible fixed exchange rate where monetary policy has the sole
purpose of upholding the value of the domestic currency and one with a flexible
exchange rate where monetary policy is used for stabilization purposes. Then, in

section 3.3 I study a fixed exchange rate regime that is non-credible.

3.1 A credibly fixed exchange rate

Assuming that the fixed exchange rate regime is perfectly credible we have



St - St+1 - ]., (27)

and equation (21) becomes

14+t = (14+4)g,. (28)

The steady state solution can then be solved as'!

1 _
C=y,i"=i/,P,.=— B=0,P=1,5S=1Y=1,Q=1,71=0,8=pand e = 0.

(29)
Under the credibly fixed exchange rate regime the interest rate is fully tied down
by maintenance of the fixed exchange rate regime and cannot help to stabilize fluc-
tuations. For example, if the economy is hit by a sudden preference shock, v;, the
domestic interest rate cannot be increased to offset output deviations and infla-
tion. Instead, it must stay equal to the world interest rate (abstracting from the
risk-premium) and there will be an economic downturn.
At each point in time we can compute an expected discounted loss in the credibly

fixed regime, L,{[ " in terms of economic destabilization
cred __ _2 2 cred
Lyt =i + A(Ye = Yo )" + B E LY (30)

A1 denotes the relative weight put on stabilization of output and 3 is the discount
factor of the policy maker. The loss is quadratic in inflation and output deviations
from natural output. The modelling of the loss belongs to a class of loss functions

commonly used in the monetary policy literature; see Walsh (2003) p. 366.

3.2 A flexible exchange rate and stabilization

Now, allow for a flexible exchange rate, so that S is endogenous. First, take the

exceptional case of perfect stabilization of both inflation (and prices) and output:

Pct = Pc,t—la (31)

)

Ty = O, (32)

N Guess e = 0,B =0, P, =1 and proceed. Obtain i = i/ from the UIP, Y =Y, from the PC
and C = ~,, from the asset equation. The steady state solution also yields that 1 + i/ = % from
the Euler and that y =1 —~.

10



and

Y=Y, =1. (33)
Equation (20) becomes
By = (141i}) (B + PoaYn — Py Cy) (34)
and equation (22) becomes
P..C _
Y= T QT = Y (35)
hit

The Phillips curve is replaced by equation (31). Y; is replaced by Y,, in the asset
equation to yield equation (34) and equation (35) denotes perfect stabilization of
output. The steady state solution is identical to the fixed exchange rate regime
augmented with the nominal exchange rate being unity and prices and output unity
by assumption. Because of the assumption of perfect stabilization the loss will be
equal to zero at all times and by definition there will be a positive exit probability
in each period.

Obviously, the assumption of perfect stabilization of output and inflation is an
oversimplification. For the sake of realism I assume that, under the flexible exchange
rate regime, monetary policy is determined by a standard Taylor rule (Taylor (1993))

where interest rate setting is set as
it =il +0.5(Y = Y,) + 157, (36)

so that in steady state the interest rate will be constant and equal to the foreign
interest rate but increase when inflation and output are above steady state. The
steady state of the model will be left unchanged from the case of a credible fixed

regime.'?

Relaxing the assumption of perfect stabilization makes the economy go
through periods of high and low inflation and output. Although superior stabiliza-
tion relative to the fixed exchange rate environment some fluctuations of output and

inflation occur and the policy maker observes a loss equivalent to equation (30):
LI =22 L 2\ (Yi = Y32 + BB LI (37)

Appending the Taylor rule equation to the generic model in equations (19)-

(26) we are able to solve the model numerically without further assumptions. We

2Guess e =0,B =0, P, =1,5 =1 and proceed.

11



then obtain closed form solutions for the endogenous variables as functions of devi-
ations around steady state in the state variables F.; i, B;_1,6,—1 and in the con-
temporaneous shocks u; and v;. The solutions are Taylor approximation of the
first order where the vector of deviations from steady state is denoted by h =
(‘hs he hp b by )

We get the solution, calibrated with parameter values presented below, for the

exchange rate:

Sy = fla+h)=F(a)+ DF,h (38)
oF OF OF OF OF
= F(a)+aBt7 (a )hB—l—8 - (a)he +8Pct 1( )hp—l—8 t( a)hy, +a—%(a)hv

= 1-0.13hp +1.19h, + ’ywhp -+ 0.05h,, — 1.32h,,

for consumption:

Cy = gla+h)=_G(a)+ DGh (39)
oG oG oG oG oG
= Gla)+ 9B, (a)hp + e (a)he + 9Py, (a)hp + _aut (a)h, + a—vt(a)hv

= 7, +0.06hg —1.07he + Ohp — 0.22h, + 1.19h,,,

for inflation:

7 = h(a+h)=H(a)+ DH,h (40)
OH OH OH OH OH
= H{a) + gp—(@hs + 5o—(@he + go——(@hr + Zo(@hy + (@,

= 0-0.005hp — 0.14h. + Ohp + 0.98h,, + 0.16A,,

for consumer prices:

P., = k(a+h)=K(a)+ DK,h (41)
0K 0K 0K oK 0K
= K(a) + 8Bt,1 (a)hB + —Get,l (a)he + apc’til( )hp + a—Ut( )h + G_Ut(a)h”

1
= — —0.008hp — 0.25h, + 1hp + 1.71h, + 0.28h,,

Yw

12



and for output:

vy = jla+h)=J(a)+ DJh (42)
oJ oJ oJ oJ
= J(a) + GB,H (a)hB + 86,5,1 ((L)he + 8PC¢,1 ((L)hp + 8_%5(a>hu + 8—%(a>hv

= 1-0.01hg — 0.41h, + Ohp — 0.99h,, + 0.45A,,.

The exchange rate moves with the CPI-price level in the previous period to leave
the real exchange rate unaffected.'> With lower asset holdings the exchange rate
depreciates to make domestic goods cheaper and restore asset equilibrium. The
preference shock makes the exchange rate appreciate to stabilize output and prices.
Under the current parameterization the cost push shock makes the exchange rate
depreciate to stabilize output at the cost of some inflation.

Note that consumption, inflation and output all are unaffected by the past price
level and that inflation increases close to one-to-one to cost-push shocks whereas
output decreases by the same magnitude. The preference shock temporarily makes
all three variables increase whereas the cost-push shock increases inflation at the

expense of lower output and consumption. The dynamics of consumer prices follows

Pc,t

P(:,t—l o
Note also that we also can derive an expression for losses in the flexible regime,

that of inflation since m; =

see equation (37), as a function of inflation and output in the flexible regime. This

will be used in solution of the full model below.

3.3 A non-credible fixed exchange rate

Having considered the limiting cases of a credibly fixed exchange rate regime and
a fully flexible exchange rate regime I now introduce an active policy maker that
makes optimizing decisions to stay in or exit from the fixed exchange rate regime in
each period. Figure 1 describes the timing of the model. At the beginning of each
period, the policy maker and the agents observe the preference and the cost-push
shocks. The policy maker alone observes a stochastic positive value of staying in
the fixed exchange rate regime compared to being in a flexible regime and decides
whether to exit from or stay in the fixed exchange rate regime. Ex post, on the basis
of the policy maker’s decision, the agents know if the realized stochastic value of
staying in the fixed exchange rate regime was below or above the loss of staying in
the fixed exchange rate. Prices are set and production occurs. Thereafter the credit

market opens, consumers observe the interest rate and make their saving decisions.

13This becomes obvious if using the definition of the the consumer price index combined with
the definition of the terms of trade, keeping the latter constant.

13



Provided that the economy remains in the fixed exchange rate regime, the interest
rate on loans in domestic currency from period ¢ to period ¢ + 1 will depend on the
probability of an exit at the beginning of period ¢t + 1. This probability depends
on the expected loss in period t + 1. Also, the perceived probability of exits affects
inflation in the forward looking Phillips curve and consumption today via the forward
looking Taylor rule. Agents compute a probability that the policy maker will exit
from the regime in period ¢+ 1 based on the assumed probability distribution of the

benefit of staying in the fixed exchange rate regime.

t-1 t t+1
Shocks at t X . Shocks at
observed Price Output is t+1observed
by all. ) setting regl_lzed; by all. )
Policy occurs. utility max Policy
Policy shock ~ maker gives Policy shock ~ maker
observed by decides consumption observed by decides
policy maker  °N » Net assets policy maker 2N
alone. regime and the alone. regime
for interest rate for
I period given period
t probability of t+1.
Bt-1 exit in t+1. >
Bt
|

Figure 1: Timing of the model

The relative discounted loss, Ly, of staying in the fixed exchange rate regime is
defined as

Ly = Lymered — [f1, (43)

where L in equation (30) is modified to allow for the possibility of leaving the

fixed exchange rate regime in the next period so that
non—cred __ 2 2 non—cred flex
% = 72 b Au(Ye = Ya)? 4 BB (1= 20) L 2 L], (44)

where 7., denotes the probability that the policy maker exits in ¢ + 1 and Lf'**
is defined in equation (37). The extra loss of staying in a fixed exchange rate en-
vironment, with the option to exit in the future, L7, is compared to the benefit of
staying. As previously described, countries with fixed nominal exchange rates expe-
rience some relative benefit of staying in the regime. In my model, such a relative
benefit is needed to make the model non-deterministic. If there would not exist any
benefits of the fixed exchange rate regime immediate exit would always be optimal.
A similar result is reported in Rebelo and Vegh (2006). Under the assumption made
by the agents of the economy that the benefit is uniformly distributed over 0 — &,
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the perceived probability of the policy maker leaving the fixed environment is

Li

zp=Pley < Ly) = (45)

€

Now, I merge the non-credible fixed exchange rate regime with the closed form
solutions for relevant variables under the alternative, flexible exchange rate regime.
These solutions are represented by equations (38)-(41). In the following I will call the
flexible solution the "shadow" solution since it can be seen as the shadow alternative
at all points in time. Replicating the closed forms from above for those that enter
in ¢t + 1, equations (38)-(41), and denoting the shadow solution with subscript "s"

we get

Sst = fla+h),
Cst = gla+h),
st = h(a+h),
P.s: = k(a+h).

These solutions are appended to the general model in equations (19)-(26) when
variables are forward-looking. This is the case for the Euler equation, (19), where
future consumption and consumer prices enter, the uncovered interest rate parity
equation, (21), where future nominal exchange rate enters and the Phillips curve,
(23), where future inflation enters. Appending the shadow solutions to the generic
model, weighted by the expected probability of an exit in the next period, F; (2:11),
yields
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P. _
—’t%] (50)

Gt = B+ E (1= 5)
c,t+1

‘ P, _
+6,(1 4 i) E, [Ztﬂp—’tcs,fﬂl ;
cs,t+1

B, = (1+i")(Bi1 + PuYs — P.uCy) (51)

Ss,t+1
1

1+i = E [(1 — ze01) (1), + 201 (1 + i) g, ; (52)

v, = Mg (53)
hit

e = AY: = Yo) + BE (1 = 2e41) Tega + 2001 Ts 1] + (54)

By = B+e, (55)

€t = peet,l — Vg, ( )

(57)

uy ~ i.0.d.N(0,02),v; ~i.0.d.N(0,02).

The system constitutes 18 equations in 18 unknowns:

(C,C4,i" P,, Py, B, Py, S,,Y,Q, 7,7, 3, e,z, LMon=cred [fler [7) where L/!¢* and Lnon—cred
are given by equations (37) and (44) and the other equations are given in equations
(43)-(57) and in the definitions for P., @ and 7. The steady state is solved for in
DYNARE and displayed in Table 1.

Table 1: Steady state values for key variables

Variable | Steady state value
c Vaw
ih if
P. —
Vu
B 0
P, 1
Ss 1
Y Y,
Q 1
T 0
5 s
e 0

The steady state is identical to the solution in the credible and flexible cases
presented in (29). However, compared to the credible fixed exchange rate regime,
under the non-credible fixed exchange rate regime the probability of an exit with
accompanying de- or appreciation will make the fluctuations even more severe, ce-

teris paribus, due to the rate of return compensation that must be offered investors
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when buying domestic currency. When a negative demand shock hits, the shadow
exchange rate depreciates and there is a positive probability that the policy maker
will exit from the fixed exchange rate regime. This will make investors require a com-
pensation of higher interest rates when investing in domestic bonds because they
expect a depreciation of a certain magnitude and probability in the next period.

This in turn makes the economic downturn more protracted.

4 Calibration

For numerical evaluation of the model we need to calibrate the parameters of the
model. I employ micro estimates for a representative small open economy to the
extent possible and if not available I calibrate the parameter in question to fit
some stylized fact. The time period is taken to be a quarter. The parameter values
presented in Table 2 are used to solve for the shadow variables’ closed form solutions,

presented above, as well as for the model of a fixed exchange rate regime.

Table 2: First set of calibration

Parameter | Calibrated value
il 0.006
B(i) 0.9940
v 0.75
V() 0.5699
W) |02

i 1.5

0 2.0

Pe 0.9

A 0.025
P 0.02
o? 0.0001
o2 0.0001

Setting i/ = 0.006 makes § =1/ (1 + /) = 0.9940.

v is the parameter that governs the preferences over home and foreign good.
Under Cobb-Douglas preferences over home and foreign goods we know that the
consumer will consume v of its income on home goods and 1 —~ on foreign goods. 1
set v = 0.75 so that the domestic goods share in consumer price index is 75 percent.
Y. 18 a function in 7 defined in equation (14) and y = 1 — =, the level effect of
changes in the real exchange rate to exports, can be solved for in steady state as
shown in footnote 13.

n is the elasticity of exports with respect to changes in the relative price of
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foreign goods (n > 0). n = 1.5 suggests that for a one percent depreciation in the
real exchange rate exports are expected to increase by 1.5 percent.!*

0 is the coefficient of relative risk aversion in the utility function with constant
relative risk aversion. In Mehra and Prescott (1985) various studies are cited and
estimates are reported between unity and two for macroeconomic applications. I set
0 = 2 to get quite risk averse consumers that would like to smooth consumption to
a large extent.

A in the Phillips curve is the contemporaneous effect of the output gap on in-
flation which should be positive. Holmberg (2006) estimates both closed and open
economy versions of the Phillips curve and estimates range from negative to 0.064,
depending on model, estimation technique and proxy for demand pressure. In this
paper I set A = 0.025, which is in the upper part of the distribution of estimates.

1 is the premium that must be offered to investors when the net asset position
differs from zero. I assume that if the whole gross domestic income is borrowed,
then the domestic interest rate should be higher by about two percentage points,
ie. ¢ =0.02"

p. is the coefficient of persistence in the preference shocks that I set to p, = 0.9.

02 = 0.0001 reflects a standard deviation of of the cost-push shock of 0.01, i.e.
a sudden one percent increase in home prices.

02 = 0.0001 reflects a standard deviation of the preference shock of 0.01, i.e.
a one percent deviation in the valuation of future consumption relative to current
consumption.

For the model of a non-credible fixed exchange rate regime we need to impose

another set of calibrated parameters. These values are presented in Table 3.

Table 3: Second set of calibration

Parameter | Calibrated value
AL 0.7

B 0.9

g 0.35

Az is the relative value that the policy maker attaches to output deviations. I set
Ar = 0.7 so that the policy maker cares relatively more about inflation than output
deviations.

B, reflects the decision making horizon of the policy maker. Setting 5, = 0.9

makes the policy maker value losses in 16 periods (the usual time in office) less than

14The short run relative price elasticity is estimated to 0.3 and long-run to 1.3 for Sweden in
Johansson (1998).
5Benigno (2001) uses 0.01 and 0.001 as values for 1.
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20 percent of today’s loss.
£ is the highest value that the stochastic benefit of staying in the fixed environ-
ment can take. To get an unconditional probability of exit of & 0.025, reflecting one

expected exit in every ten years, I set £ = 0.35.

5 Numerical results

Using the calibrated parameter values we can study the dynamics of the model.
First, I present the effect on variables from shocks by plotting their impulse response
functions. Second, I simulate the model over a number of periods and study the

probability of exit relates to other variables.

5.1 Impulse responses

The impulse response functions are presented in Figures 2-3. A cost-push shock
makes inflation increase temporarily with a persistent effect on home prices. Output
and consumption decrease with a jump and increase back to baseline. With an
increased probability of exits with depreciation, reflected in the shadow exchange
rate in the next period, the nominal interest rate increases to maintain interest
parity. This result closely resembles the argument in Ozkan and Sutherland (1998)
that expectations of a sudden depreciation can build up because of the government’s
interest in stabilizing the shock. With such expectations of exits with a depreciation
of the currency, risk-neutral investors will require a compensation in the form of
higher interest rates. The interest rate also increases because of the negative asset
position that builds up when output decreases. These high interest rates will then
in turn accentuate the business cycle downturn.

A persistent preference shock increases consumption and output today. The
increase in output also makes inflation increase through the Phillips curve. The in-
crease of consumption is financed partly by borrowing abroad. On the one hand, the
borrowing abroad makes interest rates increase, on the other hand the expectations
of an appreciation makes interest rates decrease. In this parameterization the net

contemporaneous effect is positive.

5.2 Model simulation and graphical analysis

Can we find a relation between the underlying variables, either in levels or first
differences, and the probability of exit? To answer this question I simulate the model

over 2100 periods and drop the first 100 observations to reduce the role of initial
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conditions. Then I separate those episodes for which S, > 1, representing periods
when the policy maker is tempted to let the currency float with accompanying
depreciation. The symmetry of the model makes the arguments the same for exits
with appreciations. The simulation can be interpreted as follows. Imagine we start
out with a large number of representative small open economies as the one described
in this paper. Then, in each period some countries exit to flexible regimes and these
are thereafter dropped from the analysis. To model when this happens for single
economies is not the purpose of this paper, nor to model these economies after the
float has taken place. Instead, recognizing the general tendency of economies to float
we with to see under what circumstances the representative small open economy will
do so with a high probability.

In interpreting the results from the model I focus on observables to see if these
variables can help us understand when an economy with a fixed exchange rate regime
will be inclined to exit to a flexible exchange rate regime. All scatterplots display
observables on the horizontal axis and the probability of exit on the vertical axis.
All observables are displayed as deviations from its steady state value converted to
easily interpretable numbers, except for S, that is used only to separate depreciation
(Ss > 1) and appreciation episodes (S5 < 1). Figure 4 displays the full results for the
simulations, without separating episodes of exits with depreciation from exits with
appreciation. The symmetry of the model is revealed in the results by observing the
non-linear relation between exits overall and output.

As can be seen in Figure 5 the probability of exit with accompanying depreciation
is decreasing in consumption and output. If consumption and output is low, the
policy maker may use the option to exit from the fixed exchange rate regime with
a depreciation of the currency, an increase of exports, an increase of output and
consumption. Also, it appears as if a positive current account as percentage of
GDP and lower interest rates increase the exit probability. No clear pattern for the
domestic prices and exits with depreciation exists.

The empirical distributions of appreciations and depreciation probabilities, using
the simulated data displayed in Figure 4, are displayed in Figures 6-7. The results
indicate that exits with appreciations or depreciations, on average, should occur
equally likely. The mean probability of exits, regardless of following appreciation or

depreciation, is about 2.7 percent.
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6 Sensitivity analysis

First, I will present the results when the relative importance of shocks are altered.
Then I will study what happens to the results if the policy maker in the fixed

exchange rate regime consistently aims at a higher than natural output.

6.1 Relative importance of shocks

Shutting down the preference shock and subjecting the model only to cost-push
shocks the results in Figure 8 are obtained. These results are clearly more clear-cut
than the full model and some of the results are reversed. Exits with accompanying
depreciation are more likely in times of low output, low consumption, a deficit in
the current account, high and increasing interest rates and high domestic prices.
The mean probability of exits, regardless of following appreciation or depreciation,
is about 0.6 percent. This small figure is explained by the trade-off in stabilization
policy under a flexible regime.

Shutting down the cost-push shock and subjecting the model only to preference
shocks the results in Figure 9 are obtained. Exits with accompanying depreciation
occurs more likely when output and consumption is low. Also, as in the baseline
model, exits are more likely in times of positive current accounts and low interest
rates. No clear effect of domestic prices is detected. The mean probability of exits,
regardless of following appreciation or depreciation, is about 1.8 percent. This rela-
tively high figure is due to the fact that if only demand shocks are present, then the
flexible regime would be attractive since no trade off in balancing effects on output
and inflation exists.

The different predictions about the relation between domestic interest rate, the
asset position or the current account and the probability of exit is due to the different
dynamics of the model when subjected to different shocks as illustrated by the
impulse response figures. Following a cost-push shock inflation increases temporarily
followed by a few periods of deflation. At the same time output decreases with a
jump and slowly reverts to baseline. In such circumstances the economy would
unambiguously need lower interest rates after the initial response when inflation
is positive, which in turn implies a depreciation of the domestic currency. This
happens at the same time as the net asset position decreases, i.e. the current account
is negative, since output is not sufficient to cover current consumption. Therefore
we have a negative relation between the current account and the exit probability.
Following a preference shock, consumption and output increases resulting in higher

inflation via the Phillips curve. In such a situation the economy would need higher
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interest rates to stabilize the economy, implying a appreciation of the domestic
currency. However, part of the increased consumption is financed by a negative
current account. Therefore we have a negative relation between the current account
and a appreciation of the currency, or equivalently, a positive relation between the

current account and the exit probability.

6.2 Output bias

So far we have assumed that the policy objective is the same across exchange rate
regimes. Now, suppose instead that the policy maker in the non-credible fixed
regime has some incentives to push output above steady state whereas the monetary
authority in the flexible regime has no such objectives. Such a difference in policy
objectives could arise if the monetary authority in the fixed exchange rate regime is
political, and the probability of getting elected for the next term of office is increasing
in economic activity, whereas policy in the flexible exchange rate regime is governed
by an independent central bank. The loss function in equation (44) is appended by

an output bias term, k, and becomes

Lren—ered — m2 4 A (Y, =Y, — k)2 + BB, [(1 — ze01) L + Zt+1L{ief] . (58)

The other equations of the model are left unchanged. With a positive output bias,
setting & > 0 in equation (58), there will be an incentive for the policy maker to
stimulate the economy even in steady state so as to attain the desirable output (Y, +
k). The steady state values of the model will be left unchanged with the exception
of there being a steady state loss different from zero and an associated positive
probability of exit. Setting & = 0.05 the mean probability of an exit increases to
4.7 percent, which is a reflection of the increased mean probability of exits with
depreciations at 7.2 percent.

The scatterplots in Figure 11 indicate that exits with depreciations will occur
more likely when output and consumption is low, and when domestic prices are high.
Now, based on the simulated data displayed in Figure 10, the exits are heavily tilted
toward depreciations as displayed in Figures 12-13. This happens because the policy
maker is tempted to boost output above the natural rate output, which can be done
temporarily by a depreciation of the domestic currency. This occurs although the
effect of the one time depreciation would not be sustainable since natural output
remains unchanged.

The output bias can help us understand the strong bias in the data toward re-
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alignments with depreciations rather than appreciations. The conventional wisdom
is that countries, given that they are to exit from a fixed exchange rate regime, would
be better off doing so when the going is good. If countries take this advice seriously
then one should observe more exits with appreciation than with depreciation of the
exchange rate. However, Detragiache, Mody, and Okada (2005) identify only three
out of forty exits during 1980-2001 that were followed by a nominal appreciation.
The authors infer that exits often occur when times are bad. With a positive output
bias my model produces the same results; realignments are tilted toward cases of
realignments with depreciations. My model offers an explanation to this observa-
tion. Since the policy maker intends to push the economy above the natural rate of
output she is more inclined to act on negative shocks to output rather than positive.
In fact, even with no shocks at all the policy maker will have an incentive to exit
with a depreciating exchange rate, resulting in the bias of exits towards exits with

accompanying depreciation.
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7 Conclusions

This paper makes use of a dynamic stochastic rational expectations model of a
representative small open economy to study under what circumstances it is likely
that there will be an exit from a fixed to a flexible exchange rate regime. In the
shadow flexible alternative, monetary policy is guided by a simple Taylor rule that
is superior from the point of view of stabilization of economic shocks. The purpose
of the paper is to investigate how observables relate to the probability of an exit
when the policy maker is concerned with macroeconomic stabilization.

The main results are summarized as follows. Regardless of the relative size
of cost-push and demand shocks, low consumption and low output should trigger
exits with depreciations to help to stimulate the economy. It is also shown that
high domestic prices, making domestic goods uncompetitive at the international
market, also make exits with depreciation more likely. If the domestic debt is large
and interest rates are high, then exits with depreciations are more likely to occur.
These results are stronger the larger the cost-push shocks are. Inflation and the
current account have ambiguous effects on exits with depreciations, depending on
the relative size of the two types of shocks.

Saxena (2004) describes episodes of currency crises with resulting depreciations.
For the Latin American countries during the 1970’s and 1980’s she points out that
the episodes of currency crises and the following depreciation were preceded by
high current account deficits and an increase in interest rates.'® For the European
countries during the 1990’s, current account deficits also preceded the crises but the
reason for exits out of concerns for international competitiveness is pointed out.!'”
My model is capable of replicating these findings if one assumes that cost-push
shocks are large relative to preference (demand) shocks.

Introduction of an output bias, caused by an opportunistic policy maker, makes
exits with depreciation more likely than exits with appreciation since a depreciation
temporarily boost output above the natural level. My model gives some intuition
to why countries exit with depreciations in bad times rather than in good times.

My model can be extended in several directions. The most obvious extension
would be to endogenize the world economy. This would introduce more dynamics
since world interest rates and prices would matter for how the small open economy
evolves over time. Another possible extension would be to endogenously model the

benefits of the fixed exchange rate regime.

16Bolivia 1982-85, Brazil 1983; 1986; 1989-90, Chile 1971-74, Peru 1976;1987 and Uruguay 1982
17Germany 1992-93, France 1992-93, United Kingdom 1992-93, Spain 1992-93 and Sweden 1992-
93
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A Appendix

A.1 Derivation of the uncovered interest parity condition

The representative world consumer’s intertemporal budget constraint is

Bt _ SB
L (1+if) o,

where consumption, Cy, is a geometric average of world produced good consump-

= Bf—l + StBif_l + Pf,tYI/V,t - PcVV,tCW,ta (59)

tion, Uy, and consumption goods from the small economy, C};, so that
Ciwe = CJyCpyt e, (60)

Py, is derived accordingly. The interpretation of the budget constraint in equation
(59) is that the world representative agent enters period ¢ with the small economy
denominated assets B! |,gross of interest rate and world denominated assets Btjil,
gross of interest rate, and denominated in small economy currency at time ¢. The
agent receives work income (Pr;Yw;) and spends some on consumption (P :Ch¢)
in the same period. This value equals the discounted value of what is brought over
to t+ 1. Households work in and own all firms in the economy so all income accrues
to households.

Optimization on the part of the consumer with respect to Cyy,, B and Bf )

ma Eiﬁf U —\ B! n S,;Bf Bh g Bl P Yor + P C
X T T E — Db 1 —Orbr_ | — . - Wor .
Ce, Bl Bf tt_T L (1 +z{) 1 1~ Fprtw, wrCw,
(61)
yields the following conditions:
CI;/,et = MPowit, (62)
Mt
144 = PE (A1), (63)
and
S,
L = BE; (M1S011) - (64)

)

Equating marginal utilities intertemporally yields the Euler equation,
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cWit P cWit+1

ol o
= B+ i) E: (—W+l> . (65)

Combining equations (63) and (64) we get the uncovered interest-rate parity condi-

tion,

Ey (A15:41)
SeEy (Aey1)

Using the expression for the marginal utility of consumption in (62) we can rewrite

(14" =1 +4) (66)

equation (66) as

W,t+1

c=9
E, (pcvm+1 t+1)
(1+if) = (1+i]) —— (67)
St Et ( Pc‘;‘ﬂ/;,ttill>

—0 —0
C t+1 StJrl) 7£ Et (CW,t+1> Et (St+1)

which cannot generally be simplified further since E; | 5 — Povery

unless the covariance of real consumption and the bilateral exchange rate is zero.
However, one can argue that the small open economy exchange rate will carry
such small weight in the uncovered interest-rate parity condition so that the covari-
ance terms will tend to zero. This yields the uncovered interest-rate parity condition
that will bind for investors and equation (67) can be approximated by the most fa-

miliar version of the condition,

1+ = (1+)E, (ng—:l) | (68)

Equation (68) is the uncovered interest-rate parity condition used in solving the

model.
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A.2 Derivation of the export function

World utility is given by

1 _
Uw, = m(]&vf’ (69)

where Cyy, is defined as in section A.1. The world budget constraint, abstracting

from investments and exports to the small economy, is given by'®

Py C,
Pf,tYVV,t - Pf,th,t + h’; h7t . (70)
t
Maximizing (69) subject to (70) and solving for C),; gives
_ PfytYW,t _ StPf,t
Ch,t - Prs ( 1 ) - (1 - vw) YVV,t Ph,t (71)
St 1_’Yu)

which then constitutes the world import of goods produced in the small open econ-

omy, I My ;. In equilibrium world imports must equal small open economy exports,

S, P
IMy; = (1—7,,) YW,t—]chf’t - EX,. (72)
)t

Taking Sweden as an example of a small open economy with about 0.5 percent of
world GDP and Sweden’s steady state output normalized to unity we have that the
world is about 200 times that of Sweden. Assuming a constant world output at this
level and use that from the steady state solution we also know that (1 —+,,) Y
should equal 1 — . This implies that ~,, = 0.99625, indicating that the small open

economy imports accounts for 0.375 percent of world consumption in steady state.
Thus,

g o
EXt - (1 ,7) Phqt
= (1-7Q" (73)

with n = 1. T allow for 1 # 1 to better match empirical evidence.

Equation (73) is the export function used in solving the model.

18 Asset holdings are abstracted from for clarity in derivations. The exchange rate is written in
small economy currency units needed to buy world currency to comply with notation in the main
text.
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