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time-dependent devaluation probabilities, (b) the wealth effects introduced by incomplete insurance
markets, and (c) the supply-side effects introduced via capital accumulation and elastic labor supply.
Uncertain duration also entails large welfare costs, compared to the perfect-foresight credibility
framework, although temporary disinflations are welfare-improving. The model's potential empirical
relevance is examined further by reviewing México's post-war experience with the collapse of six

currency pegs.



The Syndrome of Exchange-Rute-Based Stabilizations
and the Uncertain Duration of Currency Pegs

Enrique G. Mendoza and Martin Uribe'

1. Introduction

The chronic economic crises and currency collapses that affect developing economies,
dramatically exemplified by the collapse of the Mexican peso in December of 1994, are one of the most
widely studied issues in international macroeconomics. One key question that research in this area has
aimed to answer is: why do disinflation programs based on fixed exchange rates set in motion a perverse
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dynamic process that often leads to the breakdown of the program itseif? In the Mexican case, for
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(1992) and Végh (1992)), and observed in the five previous attempts at fixing the exchange rate
indertaken in México since 1945.°

Early studies by Dornbusch (1982) and Rodriguez (1982), based on adaptive expectations and
sticky prices. attribute ERBS syndrome to inflationary inertia. A fixed exchange rate causes a boom in
domestic absorption because it lowers the real interest rate, as interest parity forces the nominal interest
rate to fall and inflationary expectations adjust slowly. Persistent inflation combined with the currency

peg produces the real appreciation. A different approach based on two-sector intertemporal equilibrium
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models, as those developed by Dornbusch (1983) and Greenwood (1984), suggests that real appreciation
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and large externai deficits can be fa

tures of transitional dynamics induced by s
structural reforms (as in Uribe {1995) and Roldés (1995)). Equilibrium models that examine the

ects resulting from the timing
Calvo (1986) proposed an alternative view in which ERBS syndrome results from the lack of
credibility in government policies. Policies lack credibility because of chronic failures of stabilization
plans and mishandling of financial policies. Broadly defined, the credibility problem, also known as the
temporariness hypothesis, refers to a situation in which a policy is implemented, but agents question
whether it can be maintained. For example, in Calvo's model agents expect the collapse of a fixed-
exchange-rate regime at a future date, and this acts like a temporary tax on savings, which, via
intertemporal substitution, rationalizes ERBS syndrome. Thus, this setup shares with the price-inertia
approach the view that the syndrome is a warning signal suggesting that a currency peg is unsustainable,

but with the key differences that (a) real appreciation is an endogenous outcome, rather than the
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the equilibrium models (see for example Edwards (1993) and (1996), Fernandez (1985), and Mendoza
(1995)). While the models help to explain the experience of countries where price inertia or structural

disinflation programs examined by Helpman and Razin (1987), but is less relevant for explaining the

Mexican crash and the Argentinean recession of 1994-95, since these countries tightened fiscal policy
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quantitative impiications. cariy studies aaaressing tnis issue by Reinhart and Végh (1994, 1995)
simulated perfect-foresight models, in which it is known that a policy change announced at date t will be
reversed at some date t+j. These studies highlighted flaws of the basic credibility model, thus justifying

in this area was challenged by recent theoretical studies showing that perfect-foresight model
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inadequate for assessing the relevance of lack of credibility because of the probabilistic nature of the
credibility problem. In practice, agents do not know the date in which a stabilization plan will fail, but
only attach a certain probability to that event. Thus, the credibility problem is really a problem of
"uncertain duration” of a policy regime, as in Drazen and Helpman (1988) and Calvo and Drazen (1993).
Uncertain duration is a key distinction because it alters the qualitative predictions of perfect-

showed that, ruling out risk-neutrality, the predictions of perfect-foresight models extend to uncertain-

duration modeis only if insurance markets are complete. They examined a smaii open, endowment
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reinstatement. Under complete markets, the results of the perfect-foresight analysis of Calvo (1988) are
reproduced: consumption jumps when the tariff is cut, and remains constant until it collapses when the

The assumption of complete markets is at odds with the reality of countries considered
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candidates for the credibility problem,’ and hence it is not surprising that several features of economir

fluctuations in these countries challenge the predictions of complete-markets, or perfect-foresight,

*Calvo and Mendoza (1996) review massive runs on public debt that played a key role in the Mexican crisis.
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credibility models. In particular, economic booms, widening external imbalances, and real appreciations
do not occur in discrete jumps, and they are significantly larger than what can be accounted for by the
intertemporal substitution channel emphasized under complete markets. Rebelo and Végh (1995)
showed that frictions on preferences and technology can help produce gradual consumption booms, but
even then investment and money balances adjust in discrete jumps. Moreover, the perfect-foresight
model is far from explaining the size of the observed boom-recession cycles, unless it is augmented by

exogenous inflation stickiness. The latter, however, ieaves the large reai appreciations unexpiained and
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the households' degree of risk aversion (or the reciprocal of the intertemporal elasticity of substitution in
the classic setup with isoelastic, time-separable utility). If tariff revenue is fully rebated, consumption
rises on impact when the tariff is reduced, and then falls gradually until it collapses when the tariff is
increased again (Figure 1b). The same occurs if tariff revenue is not rebated and the coefficient of
relative risk aversion (CRRA) is less than 1. If tariff revenue is not rebated and CRRA > 1, there is a
gradual boom for the duration of the tariff cut (Figure 1c). Thus, uncertain duration explains
qualitatively the gradual booms and real appreciations observed in the data. However, whether the
quantitative predictions of the model are also consistent with the data is still unknown. Moreover, Calvo
and Drazen (1993) examined oniy demand-driven uncertain-duration effects, and thus the impiications of

uncertain duration in a general equilibrium setting are still unexplored.
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ity models to empirical work

of devaluation under fixed exchange rates estimated by Blanco and Garber (1986), Goldberg (1994), and
Klein and Marion (1994). These studies show that devaluation probabilities are "J-shaped," so that
currency pegs are expected to fail with more probability near the dates of introduction and abandonment
than in the period in between. Thus, we ask the question: if the probability of devaluation is set to
estimates derived from the data, are equilibrium allocations produced by an uncertain duration model
consistent with the stylized facts?

Simulation results suggest that uncertain duration is sufficient to cause economic fluctuations

and real appreciations similar to those attributed to ERBS syndrome. Moreover, the patterns of booms

followed by recessions, with the latter starting in some cases prior to the currency crisis, and the
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implemented in México s
The wealth effects associated with seignorage and transaction costs under incomplete markets,
the supply-side effects introduced by the general-equilibrium nature of the model, and the "J-shaped"

hazard rate function defining devaluation probabilities, are critical for the favorable results of the
simulations. These elements of the model also imply that the welfare costs of uncertain duration largely

exceed the trivial costs of lack of credibility obtained in perfect-foresight studies (see Calvo (1988)). In
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The rest of the paper is organized as follows. Section 2 describes the model, and discusses
simulation issues. Section 3 presents the quantitative analysis and examines policy implications. Section
4 compares Mexican data to the model's predictions. Section 5 concludes

2. Uncertain Duration of a Currency Peg in a Small Open Economy
Preferences, Technology, and Financial Markets

Households maximize expected lifetime utility, which takes the conventional isoelastic form:

X
—g
e memd

r
I [ s T\ u 1 s M-
[ @€ (-e)C

)

EY b
t =

©
]
Q

T N [ ,.T

celey oy a-axey H ¥

o~
[ %)
S’

Ty 1 P s\
“Ousenoids are lnIlnl(ely-“Vea an(l consume a Iraaea gOO (¢, ) and a noml’adeﬂ goo (L,”). lney
PRSI, F DS RN TPy | RIS . PRpEpURS AP RO ao - A _ 1 % T oab o _____a F] ___fa__1_ O
Supply 1aDOr IMCiastucdliy 10 Ui INMAusiy tdl proaucces iraa€a goodas, 1n tneé amount L°, ana wrade€ oIl tne
o aining Mtimae cnnnlu’ hatuwoaan neaviding lohar ta thao cnmtendad oo Ao S diecten, £ M e amlaa i o
ICIIlatll IE LILIIC D Pply ULLWLLILL PIUVIULLILE 1aUVUL LU UL NIVIILadcu gUUub Hausu \b’ ) Ul ClIl Uyll'g
laicnira (8Y Tha tatal time canctraintic g = I_TN_JIT  Tha avnantatinng nnaratar B annlioc ta tha
ivioulv (&) 11V LULAL LIV VURIOU Gl 10 & ATy E & P ¥iv~] GAPU\'lallUlla U}JGlalUl lJa GPPIIUD U uie

nrobabilitv of duration of a currencv neg. as defined belaw Preferencec hetween (7 and (N are
probability of duration of a currency peg, as defined below. Preferences between (7 and (" are
renreqented h a constant-elasticitv-of-substitution (CFQ\ function. where 1/, +u is the elasticity of

substitution between traded and nontraded goods, and w is the share of traded goods in consumption of
the aggregate C, defined by the CES composite good in equation (2). Leisure is modelled in
multiplicative form in the momentary utility function, with p governing the elasticity of substitutior ir:
labor supply. Utility from C and t is represented also by an isoelastic function, where 1/ is the

intertemporal elasticity of substitution. § is the discount factor.
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Househoids maximize (1) subject to the following budget constraint and iaw of motion for
capital:
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markets of the model. International financial markets are incomplete. In particular, world asset trading
is limited to one-period bonds B paying the time-invariant rate r* in units of the traded good. Uses of
household income in the left-hand-side of (3) include private absorption ( i.e. purchases of traded and
nontraded goods for consumption and investment, with p” defining the relative price of nontradables or
the real exchange rate) and changes in bond holdings net of interest (which finance the current account).
The sources of household income in the right-hand-side of (3) include capital and labor income
from industries producing traded and nontraded goods, net of capital-adjustment costs, transaction costs,
changes in real money balances, and net transfers from government. Production technologies are Cobb-
Dougias, with capitali inelasticaily supplied to the nontraded sector at the ievel K, assuming that K* has a
ded-sector industries are

Greenwood (1983), transactions costs per unit of private absorption are given by S, which is a convex

‘Mendoza (1995) and Rebelo and Végh (1995) assume similar production environments in which labor
(capital) is inelastically supplied in the traded (nontraded) sector.
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function of expenditure velocity V=(C™+p"C"+I)/m. Thus, mVS(V) represents total transaction costs.
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The policy experiment referred to as a currency peg of uncertain duration is the following. At
=0 the government announces and implements the policy e,=0. Agents attach a time-dependent,
conditional probability z,=Pr/[e,,, >0|e,=0], defined by the hazard rate function Z(#), to the abandonment

of the peg. As in Calvo and Drazen (1993), the abandonment of the peg is an absorbent state, so if at any

date r>0 the rate of devaluation is positive, it is assumed to remain positive forever with fuil certainty
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SUnder full rebates, the assumption that transaction costs are rebated to households by government can also
be interpreted as assuming that households own the banking system and they collect its net profits.
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Equation (7) is the marginal utility of weaith, using C” as the numeraire. Equation (8) reflects optimal
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rom (8) and (Q) that the real exchange rate in this model i< driven bv cunnlv and demand effecte in
from (8) and (9) that the real exchange rate in this model is driven by supply and demand effects, in
contrast with the conventional Balassa-Samuelson model in which perfect sectoral labor mobility implies

that p” is supply-determined by the ratio of sectoral labor productivities. Equations (10)-(12) are
standard Euler equations that equate the marginal costs and benefits of accumulating foreign assets, real
balances, and physical capital.

Equation (11) is crucial for understanding the intertemporal substitution effects triggered by
uncertain duration. Define A and A" as the marginal utility of C” under equilibrium allocations for high

and low inflation respectively. It follows that (11) can be rewritten as:
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It is clear from (13) that the devaluation rate e, is a tax on real balances carried over from the past. The
probability of devaluation z, plays a very similar role. A higher z, increases the effective tax rate on real

treated as synonymous. Note, however, that under uncertain duration the probability of reversal of the
policy (z,) is separated from the policy instrument (e,, ) itself.

Through the transaction costs technology, the distortions induced by uncertain duration on real
balances are transmitted into the real sector of the economy. If seignorage and transaction costs are fully
rebated, the distortions are limited to intertemporal substitution effects.® Under complete markets the
experiment reduces to a fully anticipated price increase. Consumption is temporarily higher at a constant
level in the low-price period, and collapses to a lower constant level in the high-price period. Under
incompiete markets, in contrast, a long-lasting currency peg represents a sequence of favorable relative

price shocks with non-insurabie income effects. These effects are magnified if seignorage and transaction

costs are not rebated. Each quarter that a peg survives induces a positive shock to permanent income,
which rises by the amount of seignorage and transaction costs that would have been collected under high

shane of the hazard rate function. as we show later
shape of the hazard rate function, as we show later.
In equilibrium, conditions (7)-(12) hold jointly with market-clearing conditions:
N N, .. M\1-aN,; NaN (14N
(PR 0. ) S Y (14)

¢ Note that equations (9) and (12) introduce the so-called supply-side effects (see Roldds (1995), Lahiri
(1995), and Uribe (1995)), via the capital accumulation and leisure-consumption choices.
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The equilibrium stochastic processes of the model are given by sequences of state-contingent

allocations and prices such that (7)-(12) and (14)~(1

W

) hold for t=0,...=. Since at any date >0 there are

two possibie realizations of e, and since the state e,>0 is absorbent, in each date macroeconomic
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exogenously a function Z to determine z, for r=0,..,J-2. This provides well-defined state-transition

probabilities and terminal conditions, so that paths (a) and (b) can be solved by bac}

=Y all v avi

following the intuition from the two-period analysis in Calvo and Mendoza (1994). The multi-period
analysis has the complication that the net foreign asset position set as terminal éondition at the time of
the collapse must be consistent with the initial net foreign asset position at the time the currency peg
starts. This is achieved by constructing a shooting routine which undertakes successive iterations on the
terminal conditions. Details are provided in the Appendix.

The benchmark version of the model is parameterized for a quarterly frequency as follows.

a) Financial Sector: The transaction costs technology adopts the form S(¥)=AV}, so that the first-order

conditions imply an implicit money demand function ¥,=(i/I+i)"(*V(yA4)"#*¥ where i is the nominal

’Kamin and Rogers (1996) found that for the period 1988-94 there is a stable, error-correction specification
of the demand for real M2 in Mexico as a function of i and V. They also provide evidence of a strong co-
integrating relationship between these two variables.



mind, the steady-state money demand equation can be solved for 4 (4=0.19).

b) Preferences, Technology and Rebates: The values p =0.786, ©=0.5, y=-0.218, 6=2.61, aT=0.42,
&N=0.34 and 8=0.1, are taken from the developing country, small open economy model calibrated in
Mendoza (1995). u and o reflect estimates from econometric studies for developing economies, p is set
so that households allocate 75 percent of their time to leisure in a model without money, and 7 and aN
reflect long-run averages computed with sectoral GDP data. $=0.06 is set to mimic the standard
deviation of Mexican investment in an RBC model. Also, we assume that p=(/+r’)" with r’set at 6.5
percent per annum, so that there is no debt accumulation resuiting from agents aiming to attain a target
level of weaith, and n,,=ng =0, reflecting the assumption that fiscal discipiine is restored during the

currency peg (i.e. G=0).

Ty o L ree Tho haooaed sata tobac n T chcmad facens nnsoictant urith tha anAn . :
¢) Hazard rate function: The hazard rate takes a J-shaped torm consistent with tne econometric studies
M U
by Garber and Blanco (1986), Goldberg (1994), and Klein and Marion (1994). Garber and Blanco's
estimates are derived from a model of balance-of-payment crises applied to the Mexican devaluations of

declining to near zero in about a year, rising slowly in 1978-79, and rising rapidly to about 0.3 before the
collapse. Goldberg applied a similar approach to data for 1980-86, although after 1982 México did not
follow an ERBS plan. She finds that probabilities of collapse oscillate between low and high and that
before the 1982 collapse the probability of devaluation was roughly 1. Klein and Marion use logit
analysis to identify factors that influence the duration of currency pegs, without requiring a specific
model of currency crises, in a panel of monthly data for 17 countries over the 1957-91 period. They

found strong evidence showing that real appreciation is a key determinant ot the probability of

devaluation and that this probability is J-shaped. Probabilities of collapse one month prior to the



demand-side, uncertain-duration effects identified by Calvo and Drazen (1993). In the second stage we
simulate the general equilibrium model and examine its welfare implications.
Uncertain-Duration Effects in the Calvo-Drazen Trade Reform

The model is reduced to represent an endowment, exchange economy in which consumer goods
are imported paying a tariff t set at 20 percent. The government announces and implements the abolition
of tariffs (=0) at date =0, but agents interpret this as a reform of uncertain duration. Thus, z, denotes
the probability that t=0.2 at date r+/ given that t=0 at date .

Consider the three specifications of z, piotted in Figure 2: (a) the perfect foresight case (z, is

) Y o

always zero, except at date J) , (b) the flat hazard rate (z, is some positive constant, say 0.5, until date .J in
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"booms" when the tariffs are abolished at 0, and remains high until it collapses at date .J. As Calvo and
Mendoza (1994) show, for 0>/ consumption collapses to a point below (above) the pre-reform

equilibrium if tariff revenue is (is not) rebated. If 6=/, consumption collapses exactly to the level it had

prior to the trade reform. Under full rebates, the temporary tariff induces a pure substitution effec’

*Note however that the Klein-Marion estimates make use of all the within-sample information to generate
the ex-post probability of devaluation, whereas the Blanco-Garber and Goldberg studies are based on
comparing a "shadow" exchange rate (i.e. a period-ahead forecast) to the actual prevailing peg.



against savings (since future prices are expected to rise permanently at J), and hence the consumption
profile is tilted toward the present for a given lifetime wealth. Without the rebate and o>/, the trade
reform induces a positive income effect in addition to the substitution effect, and hence the less
pronounced collapse at date J.

The uncertain duration example wi‘th a flat hazard rate function confirms Proposition 1 in Calvo
and Drazen (1993). Under incomplete markets and o>/, consumption first booms and then gradually
falls (rises) before the final coﬁap.se if tariff revenue is (is not) rebated. The intuition for this result
follows from the income effects introduced by market incompleteness discussed earlier. Without
rebates, there is some probability that tariffs will return between dates 0 and J, and thus at every date in

Lo e ¢ ~F
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result, until date J arrives, when there is a sudden fall in consumption since forever after the probability
" " M

of tariffs returning is exactly 1. In the case with rebates these "pleasant” surprises do not exist. In

contrast, the probability of policy reversal is an incentive to over-consume relative to a perfect foresight

not rise, households realize they over-consumed, and hence depleted their wealth too much, and thus the
incentive to reduce consumption. Note also that with the flat, linear hazard rate function consumption
dynamics are approximately linear.

The< results for the J-shaped hazard rate illustrate the rich dynamics that the uncertain duration
framework can produce. With rebates, the initial boom is followed by a quick fall into a plateau of high
consumption that lasts until the collapse arrives. Similarly, without rebates there is a boom on impact,
followed by an accelerated boom to a high consumption plateau that collapses at date J. In both cases
there is a higher degree of nonlinearity in consumption dynamics relative to the case of the linear hazard
rate. Thus, the shape of macroeconomic dynamics depends criticaily on the shape of the hazard rate

A el L L1, O
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policy reversal.



dynamics in GDP, consumption, investment, labor supply, and the real exchange rate. These concave
dynamics are very important to produce given the observation that boom-recession cycles, with
recessions at times pre-dating devaluations, are typical of ERBS syndrome (see Rebelo and Végh (1995)
and the case study for México in Section 4). It is straightforward to show, given (13) and p=(/+r*)",
that if z, reaches 0 at the minimum of the hazard rate function (as it does in Figure 4), then the equality of
intertemporal marginal utilities of C” will likely induce concave dynamics. In fact this is a necessary
condition in a one-good modei with endowments. In our model, however, z,>0 at the minimum of the

hazard rate function stiii ylel(]S similar concave aynamlcs as the Z, =0 case. What is requxred for the

ciimnlu_cida affa h A £ lahine cotmnmle; alactinidn: nmAd ¢hao tamncnmnn AL Smcinateon nmd avmmem .
supply-side effects that derive from labor supply elasticity and the presence of investment expenditures
in the transaction costs technology. These effects add to the steady-state supply-side effects of

permanent disinflations examined in recent studies. The sensitivity analysis undertaken below shows in

sufficient to ensure concave dynamics.

The sharp decline in velocity shown in Figure 4 is consistent with the observation that liquidity
rises much faster than output in the early stages of a currency peg. This accelerated expansion of
monetary aggregates has in turn been linked to banking fragility, and both banking fragility and the
collapse of money demand that occurs at date J have been attributed a key role in generating balance-of-
payments crises (see Calvo and Mendoza (1996)). The trade balance as a share of GDP worsens
markedly on impact, from a surplus of about 5 percent of GDP to a deficit of similar magnitude, and then

it follows a J-curve pattern similar to that of the hazard rate, reaching almost 10 percent of GDP by the
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8th quarter after the plan starts. The booms in GDP, consumption and investment are also in line with

ERBS syndrome, aithough the investment boom seems excessive. Investment rises mor

exchange rate is determined by the interaction of demand and supply features, particularly the elasticity
of substitution in consumption of traded and nontraded goods, 1/1+p, the elasticity of leisure, p, and the
share of labor income in production of nontradables, aN. The value of u used implies an elasticity
(1/1+p) of 1.28, thus making C” and C¥ gross substitutes. CT rises (falls) faster than C" when both are
booming (falling), causing the rise (fall) in p*. Note also that the boom in C" can only be accomplished
at the expense of reducing leisure, and so L" rises in tandem with the consumption boom.

Next we compare the results of the uncertain-duration model with those obtained in perfect-
foresight studies. Consider first the model of Reinhart and Végh (1995). Reinhart and Végh simulated

consumption "booms" given observed temporary declines in nominai interest rates, the estim

duration of stabilization pians, and econometric estim

the fall in interest rates needs to be substantial (in excess of 1500 basis points). Moreover, in this
perfect-foresight model, consumption jumps on impact as the stabilization begins, and remains constant
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when the program is abandoned.
Rebelo and Végh (1995) undertake a similar analysis but in the context of a two-sector, ge erz.-
equilibrium framework in which the credibility effect on the demand side is augmented by supply-side

effects. They simulated a temporary currency peg known with full certainty to collapse in 10 quarters
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and found that the temporariness hypothesis underestimates significantly the magnitude of the
consumption booms and real appreciations. The real exchange rate appreciates by about 5 percent at a
nearly constant rate, consumption of tradables (nontradables) rises on impact also by about 5 percent and

then it rises (falls) gradually until it collapses when devaluation arrives. Investment and real balances

Tha Daliala VAALh cimilatinmc mendicaa LL PRSURSrS I | pu. S mara e tmatand AL Al cAaata
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jumps, despite the perfect-foresight nature of their model, because of the combination of (a) the slow

(1988), in which the marginal rate of substitution between consumption and leisure is independent of
consumption, effectively eliminating the wealth effect on labor supply.® The model proposed here shares
features (a) and (b), and yet the perfect-foresight simulation examined below yields the discrete
consumption jumps typical of perfect-foresight credibility models. Moreover, even with all four
assumptions, investment and real balances in their model still display the sudden jumps typical of
perfect-foresight models. In contrast, in the benchmark model with a J-shaped hazard rate smooth
business cycles result only from uncertain duration.

The 15 percent reai appreciation in our model is more than 3 times larger than those produced

with perfect-foresight models, without requiring exogenous price rigidities. Differences across models
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postulated, but found that labor supply exhxblted a counter-factu | decline. Note also that in t! eir model
government rebates Selgnorage but the resources lost to transaction costs are a pure excess burden.

"°Alternatively, Uribe (1995) shows that shifts in nontradables investment demand, driven by time-to-build
effects, can produce gradual and sizable real appreciation regardless of labor mobility and credibility effects.

7

’Rebelo and Végh (1995) also examined the i implications of an isoelastic utility function like the e we
|
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governed by the Balassa-Samuelson condition--changes iﬁ p" must reflect sectoral labor productivity
changes. As a result, large labor reallocations or productivity shifts are required to generate large real
appreciations, suggesting that a steeper transformation curve between production of tradabies and
nontradabies is more realistic. Breaking away from the Baiassa-Samueison modei aiso seems critical in
light of evidence showing its counter—factqai irppiications (see Asea and

alternative is to assume ther
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markets and the wealth effects of nonrebated seignorage and transaction costs.
Sensitivity Analysis

Figure S provides charts summarizing the results of an extensive sensitivity analysis. Plots for
dynamics of the real exchange rate, the trade balance-output ratio, aggregate consumption, and
investment are presented for 10 alternative model specifications. The first one recreates the benchmark
model and the rest are for the following experiments: (1) flat hazard rate, set at 28 percent to reflect the

same unconditional expectations of devaluation as the J-shaped hazard rate, (2) perfect-foresight (z,=0

for 0<t<J and z,=1 for J=24), (3) full rebates of seignorage and transaction costs (ns=n,=1), (4) inelastic

S SRR N NS L £ fth tahil: H il
1on-zero long-run probabilities of success of the stabilization program (the long-run probability of
continuation of the peg at J is set at 10 and 50 percent). The shooting routine ensures that all the
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simulations are based on terminal conditions on foreign assets consistent with the same initial foreign

£l

asset position at the beginning of the currency peg.

leads to an increase in consumption on impac

ate produces near-linear macroeconomic dynamics.

The perfect-foresight simulation confirms that, in the absence of uncertain duration, the model
behaves as the typical credibility model, despite adjustment costs and the strengthened non-neutralities
of money induced by supply-side effects. Consumption, investment, and the real exchange rate jump on
impact to higher constant levels as the program begins, and collapse when the program ends.

The model with full rebates produces dynamics qualitatively similar to those of the benchmark
model. Quantitatively, however, the model with full rebates produces small booms in consumption and
the real exchange rate, and a large fall in net exports. With rebates, only the tax-like distortion of
uncertain duration on relative prices, acting via intertemporal substitution, is at work. Thus, the

o

comparison of the benchmark and fuil-rebates cases shows that the wealth effects allowed by market
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incompleteness and no rebates are critical in enabling the model to produce large bo

consumption and real-exchange-rate dynamics so that an initial boom is followed by a period of stability

in both, prior to a continuation of the boom, instead of the gradual decline observed in the benchmark



-20-

o
E.
Q.
-
0
-
o
"':")
jo=]
Q
=
(]
=
&
=
-
(<]

=
o,
a.
[}
o
=
8
<
[¢]
[¢]
=}
=
7
=
3

=)
=
=}
=
Q.

<
=
[
3,
O
»

significantly--excep
move to (1/1+u)=1isnota radical departure from the 1.28 elasticity in the benchmark. However, this
elasticity has the potential for affecting significantly sectoral consumption allocations and the behavior
of the real exchange rate if it is allowed to vary more widely, as evident from equilibrium condition (10).
The model calibrated to M1, rather than M2, is intended to control for the fact that while M2 is a
good proxy for money balances used in transactions, it includes interest-bearing deposits on which
seignorage is collected at a rate smaller than the rate of inflation (or devaluation). Thus, the M2
specification approximates well transaction costs, but exaggerates seignorage, while the M1 specification
is better at measuring seignorage but underestimates transaction costs. The resuits show that transaction

costs rebates play a crucial role in the benchmark model's ability to produce large booms and iarge real

appreciations.
a nogitmntinn that tha men Faila writh el lail: 1 aftaoc £ vrtnnes 1o it netrnial £ao ol
The assumption that the program fails with probability 1 after 6 years is not crucial for the
positive predictions of the benchmark model. If the eventual probability of currency collapse after 6

years is 1, 0.9, or even 0.5, the dynamics before the 20th quarter are nearly identical in the three
experiments, although after that date they differ markedly. This result shows also that ERBS syndrome

occurs regardless of the long-run probability of success of the prog
model can, however, be significantly affected by the potentially large differences in macroeconomic

dynamics after the 20th quarter.



21-

One additional element that may alter the results is the fact that the probability of devaluation

may be updated given the state of the economy. ERBS syndrome is likely to influence the process by

which agents form their expectations on the sustainabiiity of the currency peg, ieading them to grow

S P BN

pessimistic about its prospects as the stabilization program progresses. indeed, Kiein and Marion (1994),

an “ i auu celll}r}u All 13 AN
equilibrium in which the dynamics of the real exchange rate, and other determinants of currency
collapse, influence the probability of devaluation. We analyze this in a separate paper, which considers a

probability of collapse that depends on the degree of real appreciation relative to the pre-stabilization
level of the real exchange rate.'" Preliminary results suggest that the J-shaped hazard rate function can
be an endogenous outcome of the model.
Welfare and Policy Implications

If uncertain duration causes ERBS syndrome, policy-makers face a serious challenge. On the
one hand, the high-inflation equilibrium embodies the distortion on money balances and its spillover into
transaction costs and real activity, which make disinflation policy desirable. On the other hand, a less-
than-fully-credible stabilization program introduces new distortions, which make disinflation policy
undesirable. In the classic case of the perfect-foresight credibility literature, without supply-side effects

""The solution of the model is complicated by the fact that we need to compute a sequence of the real
exchange rate yielding a hazard rate function that supports the same real exchange rate dynamics. This
requires extending the algorithm to add iterations over hazard rate functions. We begin with a guess for thi:
function, and solve equilibrium dynamics as before using the resulting path of the real exchange rate to
update the hazard rate. We have found numerical solutions for this problem, but cannot prove that the
solutions always exist and are unique.



ation is desirable, consider policies to counteract the distortions induced by uncertain duration.

simulations conducted earlier. We computed welfare effects as a function of the ex post duration of the
currency peg under alternative hazard rate functions for the cases with and without rebates. These
welfare effects, plotted in Figure 6, were computed as follows. Consider a policy-maker at any date >0,
at or after the beginning of a stabilization plan, that assesses the welfare effect of the currency peg given
that the stabilization program has lasted up to date . He ponders the benefits of stabilization by
comparing the familiar compensating variations in consumption (see Lucas (1987)) that capture the
change in expected lifetime utility that renders agents indifferent between the allocations implied by an
ERBS of uncertain duration and the continuation of the high-inflation status quo. These calculations take

into account the state- conungem aliocations of consumpnon and lClSUI'e and the associated probabllmes

e Al Frncn 8Lt nb 4 22eanny ates e b Ao s b Lo 1.1 . Vel 1. .t
For the welfare effect at ¢, uncertainty up to date 7 has been resolved, so the realizations of C and ¢ that
enter into the computation of expected lifetime utility from dates 0 to 7 are known, and expectations are

used only for dates from ¢+ to J. Thus, the vertical intercepts of the curves plotted in Figure 6 (listed in
Table 1) measure the ex ante welfare effects that evaluate the disinflation program at the outset. The
welfare effects for the 24th quarter, in contrast, measures the ex post welfare effect of the policy

of a currency peg that has lasted t periods and may or may not fail until the 24th quarter. The ex ante
measures tell us about the desirability of disinflation in general, while the rest illustrate how uncertain

duration affects welfare calculations.



223-

The first important feature of the welfare analysis is the fact that temporary programs always

high inflation because of the supply-side effects caused by elastic labor supply and capital accumulation.

| sl Cidaliv 140U SU

The second key result of welfare calculations is that uncertain duration embodies much larger
welfare costs than the standard perfect-foresight credibility problem, particularly if the policies are
compared at the time the currency peg is introduced. These ex ante comparisons show that uncertain
duration entails welfare gains that are equivalent to 1/4 to 1/6 those produced under perfect foresight,
with or without rebates and regardless of the curvature of the hazard rate function. Thus, while
temporary programs are beneficial, uncertain duration induces large additional distortions with marked
adverse effects on economic behavior. As welfare assessments are corrected for the resolution of
uncertainty (i.e. for higher vaiues of #), weifare gains under uncertain duration rise and almost converge

1 L e (e ol

to those obtained under perfect foresight. This is because for every date that the program lasts, the
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"?Uribe (1996) obtains a similar result by showing that in the presence of currency substitution temporary
programs can generate welfare gains even under full rebate of seignorage income.
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constant rate, reflecting the quasi-linear dynamics that it produces. The J-shaped hazard rate yieids a
highly nonlinear welfare path. Welfare at first rises faster than with the flat hazard rate, but then it
remains nearly unchanged for about two years before starting to rise again. Thus, these resuits show that

nvex hazard rate there may be periods durir
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rebates and incomplete markets have significant welfare implications. The welfare gains of temporary
stabilizations range between 0.05 and 0.33 percent under full rebates, and thus are much smaller than
those obtained in the absence of rebates, which range from 1.1 to 7.4 percent. Note, however, that the
proportion by which welfare gains under perfect foresight exceed those of uncertain duration is nearly
the same with and without rebates. Table 1 also suggests that, for welfare analysis, the supply-side effect
introduced by labor supply elasticity is less important than that due to capital accumulation. This is
conjectured on the basis that welfare gains for a model with inelastic labor are similar to those for the
benchmark model. The ex ante welfare gain under the convex hazard rate function is 0.07 (1.44) percent
with inelastic labor and with (without) rebates, compared to 0.08 (1.57) percent in the benchmark model
Foii_owing Calvo and Mendoza (1994), it is aiso important to note that once one breaks away

from the basic crealmmy model, comparing weifare under a temporary program wit

fully-credible program is important. This comparison is trivial in the basic model because in it the
allocations under the status quo and a fully-credible policy reform are identical. In the benchmark
model, in contrast, the ex ante welfare effect of uncertain duration is equivalent to a 1.57 percent gain in
permanent consumption relative to the pre-stabilization equilibrium, but that welfare gain is 22

percentage points smaller than the 23.7 percent gain produced by a fully-credible stabilization. Thus,

priRing =3 : 223 a1l L -1l al
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credible disinflation programs are still significantly more desirable than temporary programs.

We conclude with some comments on policy alternatives. First, if all policies are equaily
incredible, the policy message is simple: exchange-rate-based disinflations, even if incredible, are still
worth implementing because the net effect of credibility distortions is measured to be smaller than the
high-inflation distortion. Second, if some policies are credible, they may be useful in countering the

ility and hence make disinflation programs even more beneficial. For
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equilibrium. Note, however, that in practice optimal tax desig
incredible the stabilization policy is (i.e. an estimate of z,), and that assessing how pervasive is the lack
of credibility using macroeconomic data may be very difficult given the effects of other sources of
business cycles (see Calvo and Mendoza (1994)).
4. A Case Study: The Mexican Experience in the Post-War Period and the 1994 Crash

This section examines the empirical regularities that characterize ERBS syndrome in México
from the perspective of the uncertain duration model. The analysis of the Mexican case is an interesting
addition to the comprehensive cross-country studies by Kiguel and Liviatan (1992) and Végh (1992) for
three reasons. First, México's currency collapses co-existed with a solid political structure, in contrast
with the major politicai crises that often accompany economic crises in other deveioping countries.
Thus, in México lack of credibility did not reflect uncertainty on the duration of political institutions, but

.......... POV SO

mainly uncertainty about the future course of economic policies. Second, the

sheds some light. Third, instead of conducting a cross-country analysis, we
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episodes of ERBS syndrome since 1945. Thus, the usual contrast between cross-sectional and time-series
analyses ap_f)lies. Note, however, that Aour objective is not to obtain the best possible match to Mexican
data, as that would require adding other méjbr sources of business cycles that would make it impossible
to examine uncertain—duratioﬁ éffects in isolation.

The ﬁrst part of the empirical analysis covers 1945-94 using annual data, and the second part
uses quarterly a;lta for the last ERBS episode (1988-94). The analysis of the 1988-94 episode is useful
because reforms implemented in this period brought México closer to the environment of openness to
global markets and flexibie prices assumed in the model, in sharp contrast to the expansionary policies

and excessive government intervention of the past. Also, the quarterly data allow us to use time-series
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data were retrieved from Indicadores Economicos of Banco de México. The real exchange rate (RER) in
. _ *

the 1945-94 sample is a bilateral CPl-based index with 1970=100 and defined as P/EP*, where P and P

ample is the IMF's measure of the trade-weighted,
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“Pl-based real effective exchange rate.

Figure 8 plots the evolution of annual exchange rates. The logarithm of the nominal exchange
rate 1s in the left scale, and the RER index is in the right scale. Figure 8 shows sharp real appreciations
during fixed-exchange-rate regimes, typical of ERBS syndrome, prior to large real depreciations that
coincided with the collapses of the currency in 1949, 1954, 1976, 1982, and 1994." The real
appreciations occurred rapidly, over 2 to 4 years, and in two instances periods of real-exchange-rate
stability existed in between sharp appreciations--in the 1960's era of the so-called "stabilizing

development” and in 1989-90."

131007 ic an aveerntinn it which th n w + dad k H 1
1987 is an exception in which the peso collapse was not preceded by exchange-rate-based stabilization.
14 T4 io alon intaract: + ta th 3 H 1 1

It is also interesting to note that Mexican inflation was closer to U.S. inflation under the high levels of
protection of the 1960s than under the substantially more open regime of the 1990s
4 . | =3
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This "eye-of-the-hurricane" feature of the real appreciation poses a serious challenge for models
of ERBS syndrome. If real appreciation followed from conventional price inertia inducing persistent
inflation, the real exchange rate should appreciate at a sustained rate. Calvo and Men&oza (1996) and
Aspe (1993) argue in addition that México's real appreciation was not just a case of general price inertia

because it was driven by a slow deceleration in inflation of nontradables goods prices, and because
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temporary stability of the real exchange rate. Depending on preference parameters, it is also possible to
obtain either a real exchange rate that continues to appreciate or that depreciates slightly after the period
of stability.

Consider next the cyclical behavior of real GDP per capita and its expenditure components.
Figure 9 plots the logarithm of real per-capita GDP and two conventional estimates of its long-run trend;
the cubic time trend (T?) and the random-walk (RW) trend. Both trends show a large structural break in
Meéxico's growth after 1980 that raises important issues, some of which go beyond the scope of this
study. For instance, the protracted recession into which México fell in the aftermath of the debt crisis,

1§ ™

and from which it has yet to recover, 1s an issue for which no clear explanatlon exists." Kougmy the

This phenomenon is common to other countries that experienced large and persistent adverse shocks to the
world interest rate and the terms of trade in the 1980s. These shocks can cause protracted recessions and
reduce long-run growth in economies dependent on international trade (see Mendoza (1995) and (1996)).
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Meéxico's "long great depression” aiso raises important issues for the choice of fiiter used to

r\r\ o~

define business cycles, which in turn plays a key role in defining ERBS syndrome. The BP fiiter

-

................................................................................................

Figures 10 plots business cycles of key macroeconomic aggregates and Table 2 reports cyclical
co-movements. The qualitative features of México's cycles are similar to those observed in other
developing countries (see Mendoza (1995)). Fixed investment (I) and the net exports-GDP ratio NX/Y)
are significantly more volatile than GDP, while private consumption (C) is only slightly more volatile.'®
C and I are procyclical and NX/Y is countercyclical, and all four variables (GDP, C, I, and NX/Y)
exhibit positive persistence'® Business cycle volatility, measured in terms of percent standard deviations,
is higher the lower the frequency of the filter used. However, the standard deviations of C and I relative
o GDP are similar for the BP, HP, and T° fiiters, while for the RW fiiter the relative variability of C is
larger and that of I is smallier than with the other filters. Thus, as a first approximation, the iower-

a al 1 O0

persistent, and more correlated business cycles, but the differences

"The T filter and the HP filter with the smoothing parameter set at 100 produce highly correlated cyclical
components for GDP, C, and I. The correlations exceed 0.91 in all cases.

""The BP and HP filters exclude unit roots by design, and for the RW and T? filters ADF tests rejected unit
roots at the 1-percent confidence level with 3 lags.

'®C includes durables, which often results in larger consumption fluctuations relative to GDP.

"ADF tests rejected the hypotheses that NX/Y and RER contain unit roots, and hence it is unclear whether
they should be filtered. Co-movements for NX/Y and RER in the BP and T? columns of Table 2 were
computed in levels, while NX/Y and RER were filtered in the HP and RW columns. The Table shows that
cyclical indicators are not too dependent on whether these variables are filtered or not.
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Table 2 also shows that the variability of RER is much larger than that of the other variables--
relative to GDP the fluctuations of RER are at least 6.7 times larger than those of the other variables.
There is little evidence that real appreciations are correlated with GDP fluctuations, while NX/Y and
RER display strong negative correlation. Thus, real appreciations coincide on average with a widening
trade imbalance relative to GDP, reflecting a strong positive correiation between reai appreciation and
domestic absorption. This feature of ERBS syndrome is replicated by the uncertain duration model.
Figure 6 shows that uncertain duration generaiiy produces a negative reiationship between RER and the
GDP share of net exports.

This discussion of cyclical co-movements is intended as a general description of Mexican
business cycles, rather than as the foundation of a "moment-matching" exercise typical of RBC analysis,
because the quantitative experiments conducted in Section 3 focus on simulated time-series paths rather
than on cyclical co-movements. Initial conditions were set to mimic roughly those prevailing before
ERBS programs start, with the intent to examine whether simulated macroeconomic dynamics resemble
those observed in the data. This approach seems adequate in the Mexican case because the data show
that México goes through the complete expansionary phase of the cycle during each fixed-exchange-rate
regime (except in the long-lasting currency peg covering 1955-76), so that the size of the booms and real
appreciations associated with ERBS episodes can be identified by examining Figures 8 and 10. A typical
example is the 1976-82 episode. Between 1976 and 1981, RER appreciated by 38 percent, deviations
from trend in [ widened by 30 percentage points and those for C and GDP widened by 8 percentage
points (according to the BP filter), and NX/Y changed from virtual balance to an 8 percent deficit.

Figure 11 plots cyclical components of quarterly data for the period 1983:1-1994:4. The chart
for the trade-weighted RER shows that, after a sharp initial appreciation in the first semester of 1988,
following the beginning of the currency peg in February, RER remained almost constant until 1990:4. In
1991:1 the real appreciation started again, so that by the December 1994 devaluation the real exchange

rate appreciated by 35.4 percent relative to 1988:1. By end-1993 the real appreciation in fact reached



v,%,.af.. , 50 RER fell by about 10 percentage points in the year before to the deva imilarly,
the dcétir;\..s from trend in I, GDP, and C widened considerably between 1988 and 1992, but in 1993 al!
three cyclical indicators fell below trend.* Interestingly, the size of the booms in GDP, expenditures,
and the real appreciation are very similar to those observed in the 1976-82 episode
In assessing the model's performance we acknowledge that actual business cycles are caused b

several factors in addition to lack of credibility, such as the collapse of oil prices and the rise in world
interest rates that hit México in 1982. Thus. we do not expect uncertain duration to explain in full
Mexican business cycles and real ap‘preciations. and ask instead what fraction of them can it explain. A
finding that a large fraction can be explained by uncertain duration favors the model, without rejecting
the hypothesis that other sources of business cycles are relevant. If only a negligible share of observed

fluctuations can be explained by the model, however, one should conclude that credibility is of little

quarters. Unfortunately, because the interest differential is almost perfectly correlated with the Mexican
interest rate, and the latter was influenced by sterilized intervention of large capital flows during 1990-

94, the differential is at best a noisy measure of the "market" expectations of the sustainability of the peg.

*Since the period examined here excludes the sharp structurai break in GDP noted eariier, aguadratnc trend
produces stationary cyclical components. ADF tests show that these components do not inciude unit roots.
“'This VAR analysis borrows heavily from a similar exercise in Caivo and Mendoza ( 1996)

\,
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Given the overali size of ERBS booms and real appreciations documented for México, and the

estimate of the credibility component provided by the VAR, we conclude that an uncertain-duration

~ - 2 o~

model that produces an 18 percent real appreciation, consumption and GDP booms in excess of 2

booms in excess of 5 percent would be in line with the most recent Mexican

experience. The |5 percent real appreciation produced by the benchmark model is less than 1/2 the real
appreciation observed in México during 1988-94 or 1976-82, but is close to the 18 percent credibility-
induced real appreciation measured using the VAR. The mode! also mimics the data in that RER is
stable in the middle of the program and depreciates slightly prior to the collapse. The fluctuations in

the booms in tradables consumption and investment seem /arger than those observed in the data.

In addition to the role of sources of business cycles ignored by the model, the match between the
mode! and the data can be affected by the structure of parameters set in the calibration. As shown in the
sensitivity analysis. assumptions on the size of rebates (which ultimately reflect the stance of fiscal
policy), the shape of the hazard rate function, the elasticities of intertemporal substitution and labor
supply, and the nature of financial assets that conform transaction balances, are key for the performance
of the model.

. Conciuding Remarks
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equilibrium dynamics allowing for full or partial rebate of seignorage and transaction costs. The
experience 6f México in the post-war period, which includes six fixed-exchange rate regimes, is
examined as a case study.

This approach to model lack of credibility as a problem of uncertain duration has been shown in
theory to alter the predictions of conventional perfect-foresight, partial-equilibrium credibility models.
However, the quantitative implications of the approach and its positive and normative predictions in a
general equilibrium setting were unexplored. Our resuits suggest that uncertain duration may heip to

a

explain the actual experience of countries where, as in México in 1994, currency pegs fail under the

pressure of large external deficits and overvalued exchange rates despite successful efforts to dismantle
indexation and reduce fiscal deficits. The model explains key features of the syndrome of exchange-rate-

rom tne €m PRt aval

shape of the hazard rate function that governs devaluation probabilities. Linear hazard rates yield quasi-
linear dynamics, while strictly convex hazard rates are a necessary (though not sufficient) condition to
produce the concave dynamics observed in private expenditures and real appreciations. The "J-shaped"
hazard rate also allows the model to mimic periods of temporary real-exchange-rate stability in between
periods of sharp real appreciation, and recessions that pre-date currency collapses.

Wealth effects introduced by the incompleteness of financial markets, under the assumption that
seignorage and transaction costs are not fully rebated, are also crucial for the model's performance. This
is reminiscent of theoretical work on the real effects of disinflation that emphasizes weaith effects
resuiting from inconsistencies between fiscal and exchange-rate policies. Because of the weaith effects,

elfare costs compared to the negligible weifare costs o



side effects that have been examined for fully-credible disinflation plans, which operate via the leisure-
consumption margin and the capital accumulation choice, also influence markedly the dynamics of
uncertain duration models. Because of these effects, particularly the investment effect, exchange-rate-
based stabilizations of uncertain duration are generally welfare-improving, relative to an initial high-
inflation equilibrium. These stabilizations are still very inferior to fully-credible stabilizations, and
hence policies aimed at enhancing the credibility of currency pegs, or at lessening the impact of the tax-
like distortion due to uncertain duration are desirable.

Our results also show that, despite the eventual success or failure of stabilization pians, and even

in environments of perfect capital mobility, flexible prices, and fiscal and monetary discipline,

AAAAAA Pl

<; e Aaaliintinn he, stonlf 10 o mArrana anlits H
be drawn carefully, as devaluation by itself is not a permanent solution for real overvaluation and large
tonds A Al
trdadac Uuclricie
Before concluding, it is worth noting that while uncertain duration may help to explain Mexican

symposium issue of the Journal of International Economics, several researchers share the view that
México-style crises are magnified by elements of self-fulfilling crises and "herding" behavior in global

markets, which in México led to massive runs on a large stock of dollar-denominated public debt.
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Figure 2: HAZARD FUNCTIONS
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Flgure 3: CONSUMPTION DYNAMICS UNDER A TEMPORARY TARIFF CUT
(endowment economy case)
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Figure 4: MACROECONOMIC DYNAMICS OF AN EXCHANGE-RATE BASED
STABILIZATION OF UNCERTAIN DURATION*
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Figure 5: (continued) SENSITIVITY ANALYSIS

N
\
/

10 /’i/,/ /

[3,}
\ \\
\
\
\
\
J o
N
\
\
\
(=]
T
|
|

o
|

(¢)]

o

I e anuvi AN

6y
\
\
\
|
(4]
n
\
\
\
\
\
N
o
/

a // \/ 0 /’/' 0"“—___‘_
5 10 15 20 5 10 15 20 T 5 10 15 20 5 10 15 20
N NY /Y, C. I.
P cTexEypdt ~i £t

Cobb-Dougias Aggregator Function (u = 0)

L T o A 7N e
10| / e /| 10/ N

N
/

o
N
(@]

\
\
\
|
(3}
-
\
‘o
N .
//
_

5 5 0
-
P "10 \ / -7
- - ni
- — - OF - - _ _ _
0 0
=4 4N 4 N I~ N 4 N [~ 4N 4 [57aY = 4N 4 N
9 v 1o oJ 9 v 1o [49) 9 v 10 P4V} 2 v 10 49
Y NX./Y. C. I

20 e
5 )
10 / //’ 0 / 10 / /\ 40 \

[T
I
I

Q



N

PN
(@]

Q

Figure 5: (continued) SENSITIVITY ANALYSIS
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Figure 6: Ex-Post Welfare Costs of ERBS Programs
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Figure 7:
Consumption and Labor Supply Allocations Under Alternative Hazard Rates
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Figure 8
Mexico: Real and Nominal Exchange Rates
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Figure 9
Mexico: GDP Per capita and Trend Estimates
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Post-war Mexican Business Cycles
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Figure 11
Mexican Business Cycles: 1983:1-1994:4
(percent deviations from quadratic trend, except RER)
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Appendix: Solution Method

Computing equilibrium dynamics for models of incomplete markets is a complex task in general
because of difficulties involved in tracing the optimal state-contingent evolution of wealth. In the
case of small open economy models, with perfect capital mobility and conventional utility functions,
this problem is compounded by the fact that stationary equilibria, when they exist, are determined
by initial conditions. In light of these difficuities. we developed an algorithm that obtains a near-
exact solution for equilibrium dynamics.

The equilibrium stochastic processes: that characterize macroeconomic dynamics are computed
by backward recursion on the general equilibrium system defined by equations (5)-(12) and (14)-
(15). The method exploits the assumptions that (a) the date of collapse of the program is a random
variable with finite support ([1,J]) and (b) that the collapse of the program is an absorbent state.
Thus, there is a distant future date in which policy uncertainty is resolved. This imposes well-
defined terminal conditions on consumption, leisure and money velocity, all of which jump to their
corresponding high-inflation stationary equilibria on the date of the collapse. The current account
and investment take some time to reach their steady state equilibria because of the inertia induced
by capital adjustment costs. but their post-collapse dynamics are easily determined by solving a
linearized version of the Euler equation for capital accumulation.

»

The algorithm begins by guessing period-J values for the state variabies (capital and bonds)
and uses intertemporal Euler equations and the budget constraint to compute the values taken by
these variables in periods ¢ = J — 1. J —2, ... 0. Solutions for the control and co-state variabies are
provided by atemporal optimality and market-ciearing conditions. A shooting algorithm is then
introduced to ensure that the period-.J guess is consistent with the initial conditions for the capital
stock and bond holdings.

(1.1) Given CTL | find CYL, pYE,. LYE and AL_, by solving the intra-temrporal Fuier ¢c -

J-1° J=1 FJ-10

tions (7)-(9) and the market clearing condition (13).

(1.2) Compute an approximate solution for A';_, ... 7 > | by solving

14 PN B 1
I+ J



(1.3) Find BL . by solving (14) forward, using m%_. and (5)-(6) to eliminate Gj_; and T;_;
(1.3) Find B5_, by solving (13} , Using m;j_, {o)-10) J-1 J-1
(1.4) Use BRL . and mL . to solve eanations (51-19) and (13)-(14) for TH (NH ,NH 1N
(4.3) USC g 5 allld “j-2 Graute I v/ S L | J J—17 J=1rrj—-1y ~j-1
)'! (; and -
Aj_1- Gy and lJ 1

A=

equations (10)-(12) for V", Ay, K
(2.2) Given VL and AL, solve (7)-(9) and (13) for CTL, CNL, pNL and LNE,
\ I~ T T AR \ J 14 7 T yYri 7 T
(2.3) Use BL, mL . and the values obtained in (2.2) to solve (5)-(6) and (14) for BL ., GE and
\&ey v =t t—1 il 7 V¥ \ 7] \¥) AY 7 i—17 T
TL
*t
(2.4) BL . and mL . can then be used to solve (7)-(9), (13) and (14) (forward) for A, CTH,
\ S i1 AR t—1 \* /7 \YJy \*¥)J \ J \ / Tt 4 k
NH NH & rNFE
V[ L) ‘lt 9 Sazva ut
(2.5) Use a linearized version of (12) to solve for KTH,
V&) USK iiacal 1 7 241
(3) Steps (1)-(2) yield a new vector of real balances {ml ;}/=0 = {(CT4 + pN5CNEWVE V)
\ 7 7 o -— I=vuU N 1 1 4L 1 [ 1/ 15 1JL=U
If this vector differs from the one guessed, use it as the new guess and repeat steps (1)-(2).

(4) If KT differs from the desired initial condition for the capital stock, change the guess for
KT’ and repeat steps (1)-(3). (A{ is increasing in K7L,.)

(5) If B_y + m_y/(1 + ¢o) differs from the desired initial condition for the stock of financial
wealth. change the guess for C'T%, and repeat steps (1)-(4). (B_; + m_1/(1 + €o) is increasing in
ik
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