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where A] and hY denote the labor hired by the household-firm unit for the production of the traded
good and the non-traded good, respectively. The technologies satisfy the following assumption.

Assumption 2. F (.) and G (.) are twice continuously differentiable, strictly increasing (Fr =

dF
dhT

>0, Gy > 0), and strictly concave (Frpr < 0, Gyny <0 ).

Consumption of the non-traded good, ¢}, is a composite good made of a continuum of intermediate
differentiated goods. The aggregator function is of the Dixit-Stiglitz type. Each household-firm unit
is the monopolistic producer of one variety of non-traded intermediate goods. The demand for the
intermediate good is of the form CNd (%) satisfying d(1) = 1 and d'(1) = —p, with u > 1,
where C}¥ denotes the level of aggregate demand for the non-traded good, I-T}N is the nominal price
of the intermediate non-traded good produced by the household-firm unit, and P} is the price of the
composite non-traded good. The unit sets the price of the good it supplies, ]5tN , taking the level of

aggregate demand for the good as given. Specifically, the monopolist is constrained to satisfy demand

at that price. That is,
5 PN
NY > 0N t |
G(ht>_C’td< tN> (4)

Following Rotemberg (1982), we introduce nominal price rigidities for the intermediate non-traded

good. The household-firm unit faces a resource cost of the type 2 < ;év —aN >2, where 7V is the
steady-state level of the gross non-traded goods inflation.

There are incomplete markets. The representative household-firm unit has access to the following
two risk free bonds: a government domestic bond, B;, that pays a gross nominal interest rate Ry, and
a foreign bond, by, that pays a gross foreign interest rate R}. In addition, the unit receives income from
working, W'kl + WX RY | transfers from the government, 74, and dividends. Then the flow budget

constraint in units of the traded good can be written as

My Ry 1bs_ N
my + by < 21+ te”1+w'fhtT+w£VhiV+n+Qt—ctT—eL, (5)
t t t

where b; = %, wi = %— with =T, N, and

. - - 2
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Equation (5) says that the end-of-period real financial domestic assets (money plus domestic bond)

can be worth no more than the real value of financial domestic wealth, brought into the period, plus

the sum of wage income, transfers, and dividends (€2;) net of consumption. The dividends described

in (6) correspond to the difference between sale revenues and costs, taking into account that through

the firm-side the representative unit can hold foreign debt, b;. For holdings of foreign debt the unit

pays interests (R;_; — 1)bj_;. Moreover the unit is subject to a Non-Ponzi game condition



where ny = by +my — b}

The problem of the household-firm unit consists of choosing the set of sequences {cf, c¥, h!,
hN, BE, BN, PN, b, by, mi}2, in order to maximize (3) subject to (4), (5), (6) and (7), given the
initial condition n_; and the set of sequences { R}, Ry, €, e, PtN , th , wfv sy Tt Cgv }. Note that since
the utility function specified in (3) implies that the preferences of the agent display non-sasiation,
then both constraints (5) and (7) hold with equality. The Appendix contains a detailed derivation of
the necessary conditions for optimization. Imposing these conditions along with the market clearing

conditions in the labor markets, the equilibrium symmetry (PtN = PV and iLI{V = h}Y), the market

clearing condition for the non-traded good

G(hiv):civ+1(7riv—7_r]v)2, (8)

2
and the definitions 7)Y = P/N/PN,, d(1) = 1 and d'(1) = —pu, we obtain

* Rt
Rt = (9)
€t+1
Hr(h) T
————==Fp(h; ), 10
Ur(cf) (8e) 10)
Ur(cf) = BR;Ur(ci1), (11)
BR:
Vn(e) = =V (etha), (12)
T4t
eyt (a1 )
Vi (el) B By \ n ’
where mc; = —;J\Z,V(}L?I)—N corresponds to the marginal cost of producing the non-traded good. In
Vi (eN)Gn (hY)
addition equilibrium in the traded good market implies that
by —bi_y = (Ri_y — 1) bj_y +¢i —F (h{). (14)

The interpretation of these equations is straightforward. Condition (9) corresponds to an Uncov-
ered Interest Parity condition (UIP) that equalizes the returns of the foreign and domestic bonds.
Equation (10) makes the marginal rate of substitution between labor, assigned to the production of

the traded good, and consumption of the traded good equal to the marginal product of labor in the



production of the traded good. Equations (11) and (12) are the standard Euler equations for con-
sumption of the traded good and consumption of the non-traded good. Equation (13) corresponds to
the augmented Phillips curve for the sticky-price non-traded goods inflation. And (14) describes the

dynamics of the current account deficit.

2.3 Capital Markets

We introduce imperfect international capital markets using the following ad-hoc supply curve of
funds
b} b}

R =R'f <B—t> , with f’ (6—'5) >0, f(1)=1, f(1)=1¢>0, (15)
and where f (g—ﬁ) corresponds to the country-specific risk premium, and R* is the risk free international
interest rate. This specification captures the idea that the small borrowing economy faces a world
interest rate, R}, that increases when the stock of foreign debt, b}, is above its long run level, b*. Then
as the external debt grows, so does the risk of default, and in order to compensate the lenders for this
risk, the economy has to pay them a premium over the risk free international interest rate. We also
assume that the long-run level of foreign stock of debt is positive.

Assumption 3. The long-run level of the foreign stock of debt is positive: b* > 0.
By introducing (15), we “close the small open economy” and avoid the unit root problem, as
discussed in Schmitt-Grohé and Uribe (2003). This will allow us to pursue a meaningful analysis of

the dynamics of the non-linear equations that describe the economy, using a log-linear approximation.!6

2.4 A Perfect Foresight Equilibrium
We are ready to provide a definition of a perfect foresight equilibrium in this economy.

Definition 1 Given the initial condition b* |, the steady-state level of foreign debt b*, and the depre-
ciation target €, a symmetric perfect foresight equilibrium is defined as a set of sequences {cl, cl,
hl, BN, b, e, T, Ry, RP}2, satisfying: a) the market clearing conditions for the non-traded and
traded goods, (8) and (14), b) the UIP condition (9), c) the intratemporal efficient condition (10), d)
the Euler equations for consumption of traded and non-traded goods, (11) and (12), e) the augmented
Phillips curve, (13), f) the interest rate policy (2) and g) the ad-hoc upward-sloping supply curve of
foreign funds (15).

Since fiscal policy is Ricardian, this definition ignores the budget constraint of the government and

its transversality condition. The definition also ignores real money balances. This is because monetary

The “unit-root problem” that is commonly present in small open economy models arises because of assuming that
R; = % To see why, use this assumption together with condition (49) to deduce that A+ = A¢+1. This is an equation that
has a unit root and that introduces a unit root in the entire dynamical system of the simple set-up. See Schmitt-Grohé
and Uribe (2003).



policy is described as an interest rate policy in (2), and real balances enter in the utility function in a
separable way. In addition, note that once we solve for {ctT, civ , h?, h{v , b, e, w{v , Ry, RS, it is
possible to retrieve the set of sequences {\;, es, my, by, wi, wi¥, mc;}52, using (1), (5), and equations

(41)-(44), (46), and (48) that are presented in the Appendix.

2.5 The Determinacy of Equilibrium Analysis

In order to pursue the determinacy of equilibrium analysis, we log-linearize the system of equations
that describe the dynamics of this economy around a steady state {¢’, ¢V, AT, RN, b*, €, 7V, R, R*}.
In the Appendix we characterize this steady state.

Log-linearizing the equations of Definition 1 around the steady-state yields

Ry = p.éy with p, # 0 and either |p.| > 1 or |p.| <1, (16)
Ry =R +¢&41, with R = b}, (17)

o= =" (R —7l%). (18)

) = Bl + Beel, (19)

bf = <1;¢> bf_, + kel (20)

& =ehy &0 (Rt §T€t+1> ; (21)

where Z; = log (%) and
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whose signs are derived using Assumptions 1, 2 and 3. Equations (16)-(21) correspond to the reduced
log-linear representations of the interest rate policy, the UIP condition, the Euler equation for con-
sumption of the non-traded good, the augmented Phillips curve, the current account equation, and
the Euler equation for consumption of the traded good, respectively.

Our main goal is to show that the policy in (16) is prone to induce multiple equilibria in the
economy described by equations (17)-(21). Proving this implies that this policy can cause fluctuations
in the economy that are driven by people’s self-fulfilling beliefs rather than fundamentals. In fact,
before we provide a formal proof, it is worth developing a simple intuition. To do so, it is sufficient to
concentrate on equations (16)-(19). Note that given the international interest rate, R, then the policy
(16) and the UIP condition (17) determine the dynamics of the depreciation rate, é, and the nominal
interest rate, Rg. Moreover, the nominal interest rate, J%t, is not affected by either the non-traded
good inflation, ﬁfv , or the consumption of the non-traded good, civ . Taking this into account, we can
construct the following self-fulfilling equilibrium.

Assume that agents, in response to a “sunspot,” expect a higher non-traded good inflation in
the next period. Since the interest rate policy does not react to these expectations, then the real
interest rate measured with respect to the expected non-traded good inflation, Rt — ﬁﬁl, declines.!”
In response, households increase consumption of non-traded goods - see (18) - which leads firms to
raise their prices, inducing a higher non-traded inflation - see (19). But by doing this, firms end
validating the original non-traded inflation expectations.

This simple intuition is appealing but incomplete, unless we show that all the equilibrium conditions
(16)-(21) are satisfied on the entire equilibrium path. In other words, we need to characterize formally

the equilibrium of this economy. To accomplish this, we start by writing equations (16)-(21) as

€t+1 Pe —Ml;w —YK 0 €
b 0 % K 0 b,
ey | =] o S (14 4kT) 0 0 a . (23)
) 0 0 0 5 —p N
AR pl 0 0 ~& (1 +ee) &

Je
Then, we use this system to find and to compare the dimension of its unstable subspace with the
number of non-predetermined variables.!® If the dimension of this subspace is smaller than the number
of non-predetermined variables, then, from the results by Blanchard and Kahn (1980), we can infer that

there exist multiple perfect foresight equilibria. This forms the basis for the existence of self-fulfilling

'"Because of perfect foresight Fiffy, = fiy1.
18The dimension of the unstable subspace is given by the number of roots of the system that are outside the unit circle.
See Blanchard and Kahn (1980).
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fluctuations.
The following Proposition states the main result of the determinacy of equilibrium analysis: an
interest rate policy that raises or lowers the nominal interest rate in response to current currency

depreciation leads to multiple perfect foresight equilibria or, equivalently, to real indeterminacy.

Proposition 1 If the government follows an interest rate policy that responds to currency depreciation
such as Ry = p.& with p. # 0 and either |p.| > 1 or |p.| < 1, then there exists a continuum of
perfect foresight equilibria (indeterminacy) in which the sequences {¢;, bf, ¢, 7N, éN}22, converge

asymptotically to the steady state. In addition,

a) if |p.| > 1 then the degree of indeterminacy is of order 1.1

b) if |p.| <1 then the degree of indeterminacy is of order 2.

Proof. The eigenvalues of the matrix J¢ in (23) correspond to the roots of the characteristic

equation P¢(v) = |J¢ —vI| = 0. Using the definition of J¢ in (23), this equation can be written as
Pe(v) = (v —pc) P! (v) = 0, (24)

where

=[P 252 0o 2] - fove) ]

By Lemma 4 in the Appendix, Pf(v) = 0 has real roots satisfying |vi| < 1, |ve| > 1, |vs| < 1,
and |vg| > 1. The fifth root of P°(v) = 0 is vs = p,. Clearly, if |p.| > 1 then |vs| > 1, whereas if
|pe| < 1 then |vs| < 1. Therefore, using this, the characterization of the roots of P/ (v) = 0, and (24),
we can conclude the following. If |p.| > 1 then P¢(v) = 0 has three explosive roots, namely |ve| > 1,
|lvg] > 1 and |vs| > 1. While if |p,| < 1 then P¢(v) = 0 has two explosive roots, namely |va| > 1
and |vg| > 1. Hence, regardless of whether [p.| > 1 or |p.| < 1, there are at most three explosive
roots. Given that there are four non-predetermined variables, &, étT, friv and éiv , then the number
of non-predetermined variables is greater than the number of explosive roots. Applying the results
of Blanchard and Kahn (1980), it follows that there exists an infinite number of perfect foresight
equilibria converging to the steady state. Finally, parts a) and b) follow from the difference between
the number of non-predetermined variables and the number of explosive roots, when |p.| > 1 and
|pe| < 1, respectively. m

Proposition 1 has two important implications. First, provided that the fiscal policy is Ricardian,

then the interest rate policy induces not only real indeterminacy but also nominal indeterminacy. That

9The degree of indeterminacy is defined as the difference between the number of non-predetermined variables and the
dimension of the unstable subspace of the log-linearized system.
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is, the nominal exchange rate is not pinned-down.?? This follows from the definition of the nominal
depreciation rate, and the fact that the nominal exchange rate is also a non-predetermined variable.
Second, and in contrast to the intuition provided above, Proposition 1 suggests that it is possible
to construct self-fulfilling equilibria that are based on expectations of a different variable from the
non-traded inflation. For instance, we can construct a self-fulfilling equilibrium driven by people’s

beliefs about currency depreciation. We will pursue this exercise in Section 4.

Table 1: Determinacy of Equilibrium Analysis

The Simple Model The Full Model
Degree of Responsiveness Degree of Responsiveness
Interest Rate Policy lpe| <1 lpel > 1 lpe| <1 lpel > 1
Forward-Looking
Ry = péry1 with p, 20 M M M M
Contemporaneous
Ry = p.é with p, # 0 M M M M
Backward-Looking
Ry = p.éer_q with p. 20 M U M Mor U

Note: M refers to multiple equilibria and U refers to a unique equilibrium

The results of Proposition 1 also pose the question of whether policies that respond exclusively to
either the future depreciation rate, a forward-looking policy Ry = Pc€t+1, or to the past depreciation
rate, a backward-looking policy R, = Pc€t—1, can induce multiple equilibria. The answer is yes and
the analysis is provided in the Appendix. In particular, we find that forward-looking policies can still
lead to multiple equilibria when the interest rate response coefficient to future depreciation satisfies
either |p.| > 1 or |p.| < 1. On the contrary, backward-looking policies that are very aggressive with
respect to past depreciation, and satisfy |p.| > 1, will guarantee a unique equilibrium; whereas timid
policies that satisfy |p.| < 1 can lead to real indeterminacy. These results, as well as the results from

Proposition 1, are presented in Table 1 in the columns labeled as “The Simple Model.”?!

20 A Non-Ricardian fiscal policy combined with the monetary policy under study will determine the level of the nominal
exchange rate if [p.| > 1 but not if |p_| < 1.
210ur general results still hold if we describe monetary policy as AR; = Rt — Ri—1 = @(%) with s = —1,0,1 and
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Note that the assumption of zero labor mobility is not crucial for the results of Proposition 1. In
fact, it is possible to obtain similar analytical results under perfect labor mobility and some extra
assumptions about the disutility of working.?? Then, what are the features of the model that drive
these results? The crucial features are the following: the description of monetary policy as an interest
rate feedback rule, non-traded goods price-stickiness, and the exclusive dependence of the policy on
currency depreciation. By Sargent and Wallace (1975), we know that the first feature by itself leads
to nominal indeterminacy of the exchange rate level (price level), in a flexible price model under a
Ricardian fiscal policy. The second characteristic together with the policy elucidate why nominal
indeterminacy turns into real indeterminacy. And finally, the first two features, in tandem with the
exclusive response of the policy to depreciation, are what explains why multiple equilibria arise, to
some extent, regardless of the degree of responsiveness of the policy.?

This simple model suffers from at least two drawbacks. On one hand, there is no feature that
captures the fact that the economy is in a crisis. On the other hand, the dynamics of non-traded con-
sumption and inflation, that are supported as a self-fulfilling equilibrium, are completely at odds with
the stylized facts of a “Sudden Stop.” In particular, the self-fulfilling equilibrium that we constructed
above implies that non-traded consumption and inflation are positively correlated. In contrast, the
stylized facts suggest that there was a strong decline in consumption accompanied by an increase in

inflation. To improve the model, in the next section, we will add some extra features.

3 The Full Model

In this section we enrich the simple model in several dimensions. First, in accord with Burnstein,
Eichenbaum, and Rebelo (2005a,b), we introduce non-traded distribution services. This together
with price stickiness are crucial to explain the large movements in real exchange rates after large
devaluations. Second, following Lahiri and Vegh (2002) and Christiano, Gust, and Roldos (2004) we
assume that the household-firm unit requires domestic and international loans to hire labor and to
purchase an imported intermediate input, respectively. This is important to obtain a decline in output
and demand in the midst of the crisis, when interest rates rise. Third, as in the new literature about

currency crises, we introduce a collateral constraint. That is, international loans must be guaranteed

(1) = 0. This resembles the implicit descriptions in some of the empirical works mentioned in Montiel (2003).
22When labor is mobile across sectors then wf = w{", and the equilibrium in the labor market becomes h] + h) =
hL + hY¥. In addition, if we assume that Hrr = 0 and Lyny = 0, and keep the rest of Assumptions 1, 2, and 3, then the

2
log-linearized system of equations that describes the economy is still (16)-(21). But in this case, & = 3= [ET — FTFTTET} >0
—1elV GyneN
and = [5=] |dr — =] >0

23In Zanna (2003), we show that in order to guarantee a unique equilibrium, a rule must respond aggressively to the
non-traded inflation but timidly to depreciation. A rule that responds aggressively to currency depreciation still opens
the possibility of multiple equilibria, regardless of its response to non-traded inflation.
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by physical assets such as capital. This will help to provide a definition of a crisis. Fourth, we consider
a utility function that is not separable in the two types of consumption. We proceed to explain how

we introduce these features and their influence in the previous equations.

3.1 The Additional Features

As in Burnstein et al. (2003), we assume that the traded good needs to be combined with some
non-traded distribution services before it is consumed. In order to consume one unit of the traded
good, it is required 7 units of the basket of differentiated non-traded goods. Let P!, PI and PN
be the producer’s price of the traded good, the consumer’s price of the traded good, and the general
price level of the basket of differentiated non-traded goods, respectively. All of them are expressed in
domestic currency. Hence the consumer’s price is simply P! = PT +nPN. And since PPP holds at
the production level of the traded good (P! = &PT*), and the foreign price of the traded good is
normalized to one (P1* = 1), we have that PT = & + nP}N.

The production of the differentiated non-traded good is still demand determined by

G (b, KN) = cNd (P—tN> +nCfd (P—fN) (25)
5 =z Py t PN |
where d (1) =1, d’ (1) = —p, C¥ denotes the level of aggregate demand for the non-traded good, PN
is the price of the intermediate non-traded good set by the household-firm unit, and C{ corresponds to
the level of aggregate consumption of the traded good. But now the demand requirements come from
two sources.?* They come from consumption of non-traded goods C}¥d <%%> that provide utility, and

from non-traded distribution services nC{'d (%) that are necessary to bring one unit of the traded
good to the household-firm unit. Note that there is no difference between non-traded consumption
goods and non-traded distribution services. As a consequence, in equilibrium the basket of non-traded
goods required to distribute traded goods will have the same composition as the non-traded basket
consumed by the household-firm unit.

The introduction of the loan requirements and the collateral constraint in the model follows Chris-
tiano et al. (2004). The household-firm unit requires domestic loans to hire labor (A and AlY), and
international loans to buy an imported input (I;), that will be used in the production of the traded
good. These loans are obtained at the beginning of the period and repaid at the end of the period.
In this sense, they represent short-term debt and differ from long-term foreign debt b} ;. We do not
model, however, the financial institutions that provide these loans. Instead, we assume that the do-

mestic loans are provided by the government, whereas foreign loans are supplied by foreign creditors.?®

?4See Corsetti, Dedola, and Leduc. (2005).
25 To formalize this point, we could introduce financial institutions in the model that behave in a perfectly competitive
way and supply the aforementioned loans. This would not change our main results.
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For these loans the unit pays interests (R; —1)W;(hf +hlY) and (R; —1) P I, that are accrued between
periods, where R; is the domestic nominal interest rate, and R* is the international interest rate. The
latter is assumed to be constant and equal to %

The production technology of the traded good uses labor (;L?), an imported input (I;), and capital
(KT); whereas the technology for the non-traded intermediate differentiated goods only requires labor
(hN) and capital (KN). That is,

I =F (EtT,It,KT) and gV =G (B{N,KN) .
Furthermore, as in Christiano et al. (2004) and Mendoza and Smith (2002), among others, capital

is assumed to be time-invariant, does not depreciate, and there is no technology to making it bigger.

Under these new features, the dividends that the household-firm unit receives can be written as

~ ~ 2
o 1| PN /- v [ PN
QO = F(hT,I,KT) - LG(hN,KN)—— 7 26
t At +6t 2y ¢ 2 \ BY, m (26)

—wl RehI — wN RhYN — R*I, — R*b; | + b},
&
PN

To model the crisis, we follow Christiano et al. (2004) by imposing the following collateral con-

where w} = =+ with ¢ =T, N, and e¢; =
straint:

R*b;_y+ R*'I; + R; (w?ﬁf =+ wivfz{\f) <o (QiVKN + Q?KT) ; (27)

where ¢V and ¢/ represent the real value, in units of foreign currency, of one unit of capital for the
production of the non-traded and traded goods, respectively, and ¢ is the fraction of these stocks
that foreign creditors accept as collateral. The constraint (27) says that the total value of foreign and
domestic debt, that the representative household-firm unit has to pay to completely eliminate the debt
of the firm by the end of period ¢, cannot exceed the value of the collateral. The crisis makes this
constraint unexpectedly binding in every period henceforth without the possibility of being removed.

Finally, we relax the assumption in (3) of a separable utility function between the two types of
consumption, U(cf )+V (c). But we will still assume separability among consumption, labor, and real

money balances. We proceed to study how all these features influence the previous optimal conditions.

3.2 The New Equilibrium Conditions

The problem that the household firm unit has to solve is similar to the one presented in the simple

model. The agent chooses the set of sequences {c?, civ , h?, h{v , h?, iLI{V , Iy, ]5tN , by, by, my}9° in order
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to maximize

Zﬁt (Ol ey + H(RT) + L) + T (m)|

subject to the budget constraint

my— Ri_1bi— cN
my + by < et -+ te” 1+w?h;+wivhiv+7-t+9t—<1+g>cf_eL
t t t t

and the constraints (7), (25), (26), and (27), given the initial conditions b* ;, b_;, and m_; and the

set of sequences { R}, Ry, e, er, PN, wl, w], ¢, CN, CI'}. The optimization conditions together with

symmetry and market clearing conditions can be used to find the laws of motion of the economy. They

correspond to (1), (2), (27) with equality,

G, EN) =+ L (xN —7)* 40T,

N |2

Ry = R*(1 4 Cypq)€t41,

HT(ht ) _ w?
UT(ct o) 1+ gt-
_n
- R (1 + - )
UT(C?7CéV) = a tUT(Ct+1>Ct+1) where 7TtT+1 = €t+17t+17
(v
~ BRt ~
UN(C;7C£V) - N UN(CZ—HvCiY}—l)a
i1

UN(C;;F, cM) B By

UN(CtTHa Cﬁl)(ﬂﬁ1 — ﬁN)Wi\jH _ (my — aN)mY n H (CI{V + nctT) </~L —1_ ’I’)’LCt>

I

b~ by = (B~ Dby + BT+ of —F (], 1, K7),

Fr (W, KT L) = wl' (1+¢) Ry,

_ ’thet(l + Ct)Rt
Gy (b, KN

Fr (b, KT, L) = (1 + ()R,

Ln(hN
- N(th)v = wy'et,
UN(Ctvct)
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where \:(; and \; are the Lagrange multipliers of the collateral constraint and the budget constraint.

The latter multiplier evolves according to the asset pricing equation
At = BR* (1 + Cpy1) At (39)

Equations (28)-(34) are equivalent to equations (8)-(14) in the simple model.2® Therefore they have a
similar interpretation. Equations (35)-(37) correspond to the optimal conditions that determine the
demands for labor (for the production of the traded and non-traded good) and for the imported input;
and (38) is the intratemporal condition that makes the marginal rate of substitution between labor,
assigned to the production of the non-traded good, and consumption of the non-traded good equal to
the real salary measured in units of the non-traded good.

The new laws of motion reveal that the additional features have some important consequences.
On one hand, distribution services affect the relative price of the traded good at the consumer level
with respect to the nominal exchange rate. In the simple model this relative price was equal to one.
In the full model this price is 1 + g;, which depends on the distribution costs parameter 7. From
(30) and (31), it is clear that through this price, distribution costs affect, in equilibrium, the optimal
intratemporal decisions between labor and consumption of the traded good, as well as the optimal
intertemporal choices for consumption of the traded good. On the other hand, distribution services
generate an extra demand of non-traded goods, as is captured by the last term, nc , of the right hand
side of (28). This extra demand also influences the dynamics of non-traded goods inflation, as can be
seen in (33).

The binding collateral constraint generates an endogenous risk premium, as reflected by the mod-
ified UIP condition in (29). In fact, because of this constraint, the effective international interest rate
that domestic agents pay becomes (1 + (;,1)R*. Thus, raising external debt b} not only requires the
payment of interests (R*b;), but also tightens the binding constraint ({;,; > 0). This generates an
additional interest cost.?”

The requirement of loans to hire labor and the binding collateral constraint affect the labor demand
decisions, as can be inferred from (35) and (36). Keeping the rest constant, these two features and the
fact that in the short run ¢; > 0 imply the following. Increases in the effective interest rate, (1+(;) Ry,
push the cost of hiring labor up, which in turn discourages the demands for labor for the production
of the traded and non-traded goods.

The optimal condition for demand of the imported input, equation (37), equalizes the marginal

product of this input to the effective cost of foreign working capital, (1 + () R*, that is necessary to

26Tn the simple model Fr (htT) =w!

2TNote also that in contrast to the simple model, we have assumed that R* = % Nevertheless, in this context, this
typical assumption of the small open economy literature does not cause the unit-root problem. Under this assumption
and with the binding constraint, condition (39) becomes Ay = (1 + ¢, ;)As+1 which does not introduce a unit root in the
system of equations that describes the economy.
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import it. As the constraint tightens and (; goes up, the effective cost raises and the demand for
the imported input decreases. Furthermore, the purchases of this input influence the current account
equation (34). A decrease in the imported input can cause an improvement in the current account
deficit. This improvement is almost immediate, given the assumption that external short term loans
to finance the intermediate input have to be repaid at the end of the period, and not at the beginning
of next period.

Finally, it is possible to derive the equilibrium value of the prices of capital. The equilibrium value

of these asset prices are described by

—1 -1
R R N
Fr + (5th> Q?H N (me_ft)GK + (ﬁ) Qi1

T _
T T =60 and g = (1—6C,) ’

where F and G are the marginal products of capital in the production of the traded and non-traded

(40)

goods, respectively.

3.3 The Determinacy of Equilibrium Analysis
Using this set-up, the definition of equilibrium under a currency crisis is the following.

Definition 2 Given b* |, R*, K KT and the depreciation target €, a perfect foresight equilibrium
is deﬁned as a set Of sequences {6?7 C£V> Ctv h?: hi\T? It; b;; mcy, €, QtT> qiN’ thv w7£V7 €t ﬂ-iva Rt}?io

satisfying equations (1), (2), the collateral constraint (27) as an equality, (28)-(37) and (40).

Note that, as in Christiano et al. (2004) among others, we model the crisis as a collateral constraint
that binds in every period. Nevertheless, at the steady state, the shadow price of the collateral
constraint is equal to zero. To see this use (39) in tandem with 5 = % to obtain ¢ = 0. This implies
that the collateral constraint is marginally not binding at the steady state. Hence the credit restrictions
disappear marginally. In contrast, in the short run the shadow price of the collateral constraint may
vary as (; changes. When (; > 0 is high then the collateral constraint tightens.

As before, to pursue the determinacy of equilibrium analysis, we log-linearize the system of equa-
tions around the perfect-foresight steady state. Then we characterize the dimension of the unsta-
ble subspace of the system and compare it to the number of non-predetermined variables. By log-
linearizing the system, we are following the same approach that Kiyotaki and Moore (1997) adopt to
solve for an equilibrium of a model with a binding collateral constraint. This precludes the possibility
of exploring non-linear equilibrium dynamics.2® Moreover, since it is not possible to derive analyt-

ical results, we have to rely on numerical simulations. We use the following functional forms. For

28 To pursue a determinacy of equilibrium analysis in the augmented non-linear model is a very challenging task. Most
of the works, that include a collateral constraint and that simulate equilibrium dynamics for the non-linear system, do
not characterize the equilibrium. They assume that the equilibrium that is found computationally is the relevant one,
whose properties must be studied. See Mendoza and Smith (2002) and Christiano et al. (2004), among others.
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consumption and labor preferences we use

1 a1 1 21 (#£1)1-0)
ey = LD o) | ~
and
HE) + L) =~ (o) 7+ ()]

where a € (0,1), ¢,0,a> 0 and ¢ > 0; whereas for technologies we utilize

P (KT ) = { [0 7y T i-w) par s}

and
)"

G (hY, KN) = (") (KN

where 6V ,67,w € (0,1) and 91,92, x > 0.
Table 2

R B R v pu 7 ¢ a a0
1.06 00943 1.16 175 6 085 0.185 0.7 04 2

s & w v v o  x oV KT KN
459 5 06 14 35 05 07 064 1 2

The values of the parameters are mainly borrowed from the calibration by Christiano et al. (2004),

except for the intratemporal elasticity of substitution (a), the parameter related to distribution services

(1), the parameter that governs the degree of price stickiness (), and the parameter associated with

the degree of imperfect competition (1).2? We do not pick any particular value for the interest rate

response coefficient to currency depreciation (p,), since we will study how this parameter affects the

determinacy of equilibrium. We choose values for “a” and 7 that are in line with similar values

used in the distribution services literature.>® Since there are no robust estimates of a New-Keynesian

Phillips curve for emerging economies, we choose values for v and p that are consistent with the

values used in the closed economy literature about nominal price rigidities.?! Table 2 summarizes the

parametrization.

Using this parametrization, we study how the determinacy of equilibrium varies with respect to

the response coefficient to depreciation (p,) of the policy (2) and other structural parameters. As an

2 Note that target nominal depreciation rate, €, can be found by evaluating (29) at the steady state. That is, € =

The value of R that we take is close to the one in Christiano et al. (2004).
30See Burnstein et al. (2005a,b).
31See Schmitt-Grohé and Uribe (2004), among others.
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Contemporaneous Policies
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Figure 1: Characterization of the equilibrium for interest rate policies Rt = p.€é varying the degree of respon-
siveness to currency depreciation (p.) and the intratemporal elasticity of substitution (a). It is assumed that
pe # —1,0,1. A cross “x” denotes parameter combinations under which the policy induces multiple cyclical
equilibria whose degree of indeterminacy is of order one. A dot “.” represents parameter combinations under
which the policy induces multiple cyclical equilibria whose degree of indeterminacy is of order two.

illustrative case, we focus on the experiment of varying the intratemporal elasticity of substitution (a),
while keeping the other structural parameters constant. The results are presented in Figure 1, where a

[}

cross “x” denotes combinations of p, and “a” under which the policy induces multiple cyclical equilibria,

whose degree of indeterminacy is of order one; and a dot “.” represents parameter combinations under
which the policy induces multiple cyclical equilibria, whose degree of indeterminacy is of order two.3?
As can be seen in this figure, a policy that responds to current currency depreciation, by raising
(pe > 0 with p, # 1) or lowering (p, < 0 with p, # —1) the nominal interest rate, can induce multiple
equilibria regardless of the intratemporal elasticity of substitution “a.”

Experiments with respect to other structural parameters lead to similar results.>®> This suggests
that the results in the full set-up are similar to the ones in the simple set-up. But there is an
important distinction. Now because of the binding collateral constraint, there exist self-fulfilling cycles
or, equivalently, multiple cyclical equilibria. This is just a consequence of two mechanisms working

together. On one hand, from the results in the simple model we have that this policy can induce self-

fulfilling “non-cyclical” fluctuations. On the other hand, from Kiyotaki and Moore (1997) we know that

32 Cyclical equilibria are associated with the existence of non-explosive complex roots of the log-linearized system.
33 The results are available from the author upon request.
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the introduction of a binding collateral constraint can cause credit cycles. Hence the combination of
the two mechanisms can lead to self-fulfilling cyclical equilibria. The following Proposition summarizes

these results.

Proposition 2 Under a currency crisis, if the government follows an interest rate policy that responds
to currency depreciation, such as Ry = p.& with p, # 0 and either |p.| > 1 or |p.| < 1, then there
exists a continuum of perfect foresight cyclical equilibria (indeterminacy), in which the sequences {&] ,

éfv, Ces htT, h,{v, Iy, b, mcy, é4, (jtT, (jgv, Wy, €, ﬁiv, R }22, converge to the steady state.

These results are not specific to the particular policy that we consider. In the Appendix we study
forward-looking policies, Rt = p.€r+1, and backward-looking policies, Rt = p.é—1. We find that
forward-looking policies always induce multiple cyclical equilibria, as long as the response coefficient
to future depreciation satisfies either [p.| > 1 or |p.| < 1. Except for the presence of cycles these
results coincide, to some extent, with the ones from the simple model. On the other hand, for
backward-looking policies the coefficient of response to past depreciation plays an important role in
the characterization of the equilibrium. That is, timid rules satisfying |p.| < 1 always induce multiple
equilibria, while aggressive rules with |p.| > 1 can guarantee a unique equilibrium. Nevertheless, being
aggressive with respect to past depreciation (|p.| > 1) is a necessary but not a sufficient condition to
guarantee a unique equilibrium. Therefore, backward-looking policies can still destabilize the economy
by inducing self-fulfilling cyclical fluctuations.

These results, as well as the results for a contemporaneous policy Ry = Pc€t, are summarized in
Table 1 in the columns labeled as “The Full Model.” Note that our results do not support any of the
views of the debate about the right interest rate policy in the aftermath of the Asian crisis. In fact,
we unveil a peril that may be present in both policy recommendations. What is crucial in our analysis
is not whether the government increases or decreases the interest rate; instead, it is the feedback
response of the nominal interest rate to current, future, or past currency depreciation, that most of
the previous studies have ignored.

It is possible to argue that, in the aftermath of a crisis, governments may also adjust the nominal
interest rate in response to inflation. This raises the question of whether a policy that reacts to
both the CPI-inflation and the depreciation rate can still induce aggregate instability in the economy.
The answer to this question is affirmative making our previous results stronger. To some extent, the
response to currency depreciation is crucial to explain the possibility of multiple equilibria. To see

this, we can study the following interest rate policy

Ry =p " +p&  with  p.>1, p, #0and either |p| > 1 or [p| <1
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Respondmg to Past CPI-Inflation and Current Depreciation
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Figure 2: Characterization of the equilibrium for the rule Rt = p,rfrgf Zl + p.€: varying the degrees of respon-
siveness to past CPI-inflation (p,) and to current currency depreciation (p,). It is assumed that p, # —1,0, 1.
A cross “x” denotes parameter combinations associated with multiple equilibria whose degree of mdetermlnacy
is of order one. These equilibria can be cyclical or non-cyclical. A dot “.” represents parameter combinations
associated with multiple equilibria whose degree of indeterminacy is of order two. These equilibria are cyclical

and we name these combinations as “MCE(2)”. The white regions represent parameter combinations under

which there exists a unique equilibrium.

that reacts, positively or negatively, to current currency depreciation and, aggressively and positively,
to past CPI-inflation.?*

The results of the analysis are shown in Figure 2. We study how variations of the degrees of
responsiveness to past CPI-inflation and current depreciation, p, and p,, affect the characterization
of the equilibrium. We observe that policies that respond to both past CPI-inflation and currency
depreciation can still induce multiple equilibria. In fact, using the parametrization in Table 2 and
under the celebrated “Taylor coefficient”, p. = 1.5, any policy that responds to currency depreciation
will lead to real indeterminacy. Note also that if the policy is positively aggressive with respect
to current depreciation, p, > 1, then excessively aggressive policies with respect to inflation, say any

€ [3, 5], will continue to induce self-fulfilling equilibria. Nevertheless, this analysis also highlights the
importance of reacting aggressively to past CPI-inflation in order to avoid destabilizing the economy.

There is still a relevant question that has not been answered. If the governments of the Asian

economies followed these interest rate policies, then would it be possible to support the stylized facts

34The literature of interest rate rules claims that an aggressive backward-looking rule with respect to inflation is more
prone to guarantee a unique equilibrium than forward-looking and contemporaneous policies. See Woodford (2003).
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of the aftermath of the crisis, the “Sudden Stop” phenomenon, as one of these self-fulfilling equilibria?
An affirmative answer to this question would make our previous results more credible. This defines

the goal of the next section.

4 Constructing a Self-fulfilling Cyclical Equilibrium

In this section, we use the full model in tandem with an interest rate policy that responds to
currency depreciation, in order to construct a self-fulfilling cyclical equilibrium that replicates some of
the stylized facts of the “Sudden Stop” phenomenon. In this equilibrium, the only source of cyclical
fluctuations is the self-validation of people’s beliefs about currency depreciation.

We assume the government follows an interest rate policy, R, = pc€t, that responds aggressively,

35 This policy captures the immediate reaction to currency

lp] > 1, to current depreciation, é&.
depreciation. Unfortunately, in the empirical literature that emerged after the Asian crisis, there are
no robust estimates for the parameter p.. For illustrative purposes we set p, = 2, implying that the
government increases the interest rate proportionally more than the increase in depreciation.

From Proposition 2 we know that varying p, will not preclude the possibility of multiple equilibria.
This, however, changes the degree of indeterminacy. For p. > 1 the degree of indeterminacy is
one.?% Then we can construct a self-fulfilling cyclical equilibrium in which a “sunspot” affects people’s
expectations of only one variable of the economy, such as currency depreciation.?” Moreover, as long
as p. > 1, increasing or reducing p, will not change the qualitative results that we will present, and
that capture some of the stylized facts of the “Sudden Stops.”

We assume the crisis occurs exogenously. That is, the binding collateral constraint is exogenously
imposed at time ¢t = 0, as in Christiano et al. (2004). In this sense, we are only interested in studying
what happens in the economy at and in the aftermath of the crisis. In what follows, therefore, we
concentrate exclusively in the equilibrium dynamics of the economy at and after ¢t = 0.

Imagine that when the crisis hits the economy at time ¢ = 0, people develop expectations, in
response to a “sunspot”, of a 10% higher domestic currency nominal depreciation. By the determinacy
of equilibrium analysis, we know that these expectations will be self-validated. In addition, they induce
cycles as described by the impulse response functions presented in Figures 3 and 4. In these figures,
all the variables but the multiplier of the collateral constraint are measured as percentage deviations

from the steady state. A quick inspection reveals that at time ¢t = 0, and for some subsequent periods,

351t is also possible to construct self-fulfilling equilibria with the forward-looking and backward-looking policies that,
in principle, replicate most of the stylized facts.

30That is, in this case the dynamic log-linearized system that describes the economy has complex and non-explosive
eigenvalues, and the number of non-predetermined variables exceeds the number of explosive eigenvalues by one.

37If the degree of indeterminacy were 2, then we would have an extra degree of freedom. We could assume that a
“sunspot” affects the expectations of an additional variable different from the depreciation rate. In this sense, we are
being conservative.
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the self-fulfilling equilibrium captures the following stylized facts of the “Sudden Stops”: a decline in
the aggregate demand (consumptions of traded and non-traded goods and aggregate consumption), a
collapse in the domestic production (traded output and non-traded output), a collapse in asset prices
(prices of traded and non-traded capital), a sharp correction in the price of traded goods relative to
non-traded goods, an improvement in the current account deficit, a moderately higher CPI-inflation,
a more rapid currency depreciation, and higher nominal interest rates. After some periods, domestic
output and aggregate demand increase, the current account deficit deteriorates, and CPIl-inflation,
currency depreciation and interest rates decrease. Then, the cycles are quickly dampened, and the
economy converges to the steady state.

We proceed to explain these results. The self-validated increase in the nominal depreciation rate
implies an increase in the nominal exchange rate and, by the policy, leads to an increase in the nominal
interest rate at t = 0. Since the rule is aggressive, the nominal interest rate rises by more than both the
expected non-traded good inflation rate and the expected traded good inflation rate at time ¢ = 1.3%
Hence, the real interest rate at t = 0, measured in terms of either the expected traded inflation or the
non-traded inflation at t = 1, goes up. Provided that this induces an intertemporal substitution effect
in consumption that more than offsets any intratemporal substitution effect, then consumption of the
traded good and consumption of the non-traded good decline at ¢ = 0. This can be inferred from (31)
and (32). As a result of this, aggregate consumption also decreases implying that the model is able to
capture the initial decline in aggregate demand present in the “Sudden Stops.”

Since the real value of capital as a collateral is expressed in terms of foreign currency, then the
previously mentioned increase of the nominal exchange rate at ¢ = 0 reduces this value. Thus, there
is an incentive to reduce the demand for the imported input at ¢ = 0, as can be deduced from (27)
as an equality, and taking into account that b;_; is a predetermined variable. At the same time, a
higher interest rate in response to depreciation also pushes up the costs of loans to hire labor utilized
in the production of traded goods. This creates an incentive for the household-firm unit to cut back
labor in the production of the traded good.?® The simulations show that in fact these incentives are
materialized leading to a decrease in traded output at t = 0.

On the other hand, the supply of the non-traded good is demand determined. This supply satisfies
both consumption of non-traded goods and distribution services for traded goods. Consequently, the
previously mentioned decrease in demand of both goods causes a decrease in non-traded output (labor)
at t = 0. Thus the model is able to capture the decline in output of both non-traded and traded goods.

Provided that the decrease in traded output is smaller than the contractions in consumption of the

38 This is probably the case because there is sluggish price adjustment for the price of the non-traded good that, in
turn, affects the price of the traded good through the existence of non-traded distribution services.

#9This can be deduced from (35) and the production technology of the traded good. Labor costs increase not only
because the nominal interest rate increases but also because the collateral constraint tightens. That is, there is an
increase in the “effective” nominal interest rate (1 + ¢,)R:.
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Figure 3: Impulse responses of a self-fulfilling equilibrium, when at time ¢ = 0 people expect a higher nominal
depreciation rate (€9 = 10%). This equilibrium replicates some of the “Sudden Stops” stylized facts: a decline
of consumption of traded and non-traded goods, a relatively moderate increase in CPI-inflation, a higher depre-
ciation rate, and a higher nominal interest rate. All the variables are measured as percentage deviations from
the steady state except for the multiplier.
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Figure 4: Impulse responses of a self-fulfilling equilibrium, when at time ¢ = 0 people expect a higher nominal
depreciation rate (¢g = 10%). This equilibrium replicates some of the “Sudden Stops” stylized facts: a collapse
in the domestic production (of the traded and non-traded good), a collapse in asset prices (prices of capital), a
sharp correction in the price of traded goods relative to non-traded goods, and an improvement in the current
account deficit. All the variables are measured as percentage deviations from the steady state.
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traded good and the imports of the intermediate input, then the current account improves, as can be
seen in (34).

As the collateral constraint tightens and the nominal interest rate rises, the “effective” nominal
interest rate (14 ;)R increases. As a result of this, marginal costs of producing the non-traded good
go up, forcing the household-firm unit to raise the price of this good. This, in turn, leads to a higher
non-traded goods inflation rate, as can be deduced from (33) and (36). Higher currency depreciation
rates and non-traded inflation rates induce higher CPI-inflation rates.

In addition, the presence of price-stickiness and distribution services implies that, as a consequence
of large depreciations, there is a sharp correction in the price of the traded good relative to the price
of non-traded good at the consumer level <%>. This captures another empirical regularity of the
aftermath of a crisis.

The real value of a unit of capital for traded output (respectively, non-traded output), in terms of
foreign currency, is determined by the net present value of the flows of the marginal product of capital
in the production of the traded good (respectively, non-traded good). This can be seen by iterating
forward equations (40). Provided that capital is constant in the analysis, the decreases in labor and
in the intermediate input cause a decline in the marginal product of capital, reducing the real value
of capital. A similar mechanism reduces the real value of capital for non-traded output. Therefore,

asset prices fall capturing another stylized fact of the “Sudden Stops.”

5 Concluding Remarks

In this paper we study interest rate policies that, in the aftermath of a currency crisis, call for
adjusting the nominal interest rate in response to domestic currency depreciation. We show that these
policies can induce macroeconomic instability by generating self-fulfilling cycles. We find that, if a
government raises the interest rate proportionally more than an increase in currency depreciation, then
it induces self-fulfilling cycles that, driven by people’s expectations about depreciation, replicate several
of the salient stylized facts of the “Sudden Stop” phenomenon. In this sense, interest rate policies that
respond to depreciation may have contributed to generating the dynamic cycles experienced by some
economies in the aftermath of a currency crisis.

Our results have the following implications. Previous works have emphasized that these interest
rate policies can cause fiscal and output costs. We suggest that these policies can be also costly to the
extent that they can induce macroeconomic instability in the economy by opening the possibility of
“sunspot” equilibria. These equilibria, that are not driven by fundamentals, can be associated with
a large degree of volatility for some macroeconomic aggregates such as consumption. Provided that
agents are risk averse, then volatile consumption can be costly in terms of welfare.

Our results also provide a possible explanation of why the empirical literature has not been able
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to disentangle the relationship between interest rates and the nominal exchange (depreciation) rate
in the aftermath of a crisis. This literature has tried to control for the variables that influence the
nominal exchange rate. But our results suggest that there can be potential influences that may
depend on “sunspots”, which in turn can induce self-fulfilling cycles in the nominal exchange rate (or
the nominal depreciation rate) as well as in other variables. Clearly, these influences do not depend
on fundamentals, and their effect is something that the empirical literature should take into account.

An issue that we have not addressed is whether the “sunspot” equilibria are learnable by the agents
of the economy. It was implicitly assumed that agents could learn and coordinate their actions on any
particular equilibrium. In future research, we plan to relax this assumption and use the Expectational

Stability concept developed in Evans and Honkapojha (2001) to pursue a learnability analysis.

A Appendix

This Appendix has two parts. The first part includes material that supports the analysis for the
simple model of Section 2. The second part includes the simulations of the determinacy of equilibrium

analysis for forward-looking and backward-looking rules for the full model of Section 3.

A.1 The Simple Model

A.1.1 The First Order Conditions of the Household-Firm Unit Problem in the Simple
Model

The representative household-firm unit chooses the set of sequences {cf, ¢, hl, B}, thT, ﬁfv , PtN ,
by, by, m}i2, in order to maximize (3) subject to (4), (5), (6) and (7), given the initial condition n_;
and the set of sequences { R}, Ry, €, ey, PtN , th , wfv , Tt Cgv }+. The first order conditions correspond

to (5) and (7) with equality and
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where %’i’\t and A\; correspond to the Lagrange multipliers of (4) and (5) respectively.

We will focus on a symmetric equilibrium in which all the monopolistic producers of sticky-price
non-traded goods pick the same price. Hence IStN = P}N. Since all the monopolists face the same wage
rate, WtN , and the same production function, G (hiv ) , then they will demand the same amount of
labor ﬁ,{v = h,{v . In equilibrium the money market, the domestic bond market, the labor markets, the
non-traded goods market, and the traded good market clear. In particular, for the non-traded good

market and traded good market we have
Ny _ N 7/ N _ -N\2
G(ht)fct +§(7Tt — T ) <51)
and
b = Ri by +cf —F (h]). (52)

Combining (49) and (50) yields the uncovered interest parity condition (9). From (43) and (45) we
can derive equation (10). Using conditions (41) and (49) we obtain the Euler equation for consumption
of the traded good that corresponds to (11). Utilizing (1), (41), (42), and (50) we derive the Euler
equation (12) for consumption of the non-traded good. And finally using the notion of a symmetric
equilibrium, conditions (4), (42), (44), (46), (47), the labor market equilibrium conditions, and the
definitions 7 = PN/PY,, d(1) = 1 and d'(1) = —pu, we can derive the augmented Phillips curve

described by equation (13).

A.1.2 Characterization of the Steady State in the Simple Model

We use SR* =1, (1), (8)-(15), and the condition that at the steady state x; = Z for all the variables

to derive
7V =E, BR =k, 1 = BR*, R* = R*,
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p—1 PNV Ly (h")
(H5 ) vwiean = - 205
_ _ T
Ur (1-1/B8)b* + F (h")) = ——gTEZT; ;
N=acr") =01-1/8)b"+F(h").

Then it is simple to prove that under some assumptions that include Assumptions 1, 2, and 3, and given
pw>1,8€(0,1) and € > 1, there exists a steady state {&, &', KT, RN, 7V, R, R*} for the economy
that provided a particular b* satisfies these equations with ¢, ,hT, AN > 0 and 7V, R, R* > 1. In
particular to guarantee that there exist ¢’ ,&",hT, RN
as Ur(0) = Vi (0) = oo, Up(oo) = Viy(oo) = 0, Fr(0) = Gn(0) = 0o, and Fr(co0) = Gy (o0) = 0.4

> () we need some Inada-type assumptions such

A.1.3 Forward-Looking and Backward-Looking Policies in the Simple Model

In order to pursue the determinacy of equilibrium analysis for a forward-looking policy, R, = Pe€tils

we use this and equations (17)-(21) to obtain

b e K 0 0 br
oo || MRS (1 yee™) 0 0 ir 53)
N 0 0 % —p N
ah ) NS Gy 5 e )\
Jf

Then the determinacy of equilibrium analysis delivers the results stated in the following proposition.

Proposition 3 If the government follows a forward-looking interest rate policy such as R, = Pe€t+1
with p, # 0 and either |p.| > 1 or |p.| < 1, then there exists a continuum of perfect foresight equilibria
(indeterminacy) in which the sequences {bf, ¢, 7N, ¢N12, converge asymptotically to the steady

state. The degree of indeterminacy is of order 1.41

Proof. The eigenvalues of the matrix Jf in (53) correspond to the roots of the characteristic
equation P/ (v) = ’Jf - ’UI‘ = 0. By Lemma 4 we know that Pf(v) = 0 has real roots satisfying
lv1| < 1, |va| > 1, |us| < 1, and |vg| > 1. Therefore Pf(v) = 0 has only two explosive roots, which
means that the matrix J7/ in (53) has two explosive eigenvalues. Given that there are three non-
predetermined variables namely ¢/, friv and ¢, then the number of non-predetermined variables is
greater than the number of explosive roots. Applying the results of Blanchard and Kahn (1980), it

follows that there exists an infinite number of perfect foresight equilibria converging to the steady

1Details are available from the author upon request.
I The degree of indeterminacy is defined as the difference between the number of non-predetermined variables and the
dimension of the unstable subspace of the log-linearized system.
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state. In addition, the difference between the number of non-predetermined variables and explosive
roots implies that the degree of indeterminacy is of order 1. m
To derive the results for a backward-looking policy we use the log-linearized version of this policy,

Ry = p.é;_1 together with equations (20)-(17) to obtain the log-linearized system

Riy1 0 p. 0 0 0 0 R
el I N 0 0 &
b | oo Ll K 0 0 ) (54)
0 0 ML iy 0 0
N 0 0 0 0 3 —p 7N
&N, N 0 0 ~5 (1 +eeY) &N
y _

Then the determinacy of equilibrium analysis delivers the results stated in the following proposition.

Proposition 4 Assume the government follows a backward-looking policy such as R = Pc€t—1 with
pe # 0.

a) if |p.] > 1 then there exists a unique perfect foresight equilibria in which the sequences {Ry,

&, b, &, 7N, &Ny, converge to the steady state.

b) if |p.| < 1 then there exists a continuum of perfect foresight equilibria (indeterminacy) in
which the sequences {Rt, €t, I;;k, el ﬁiv, é,{v}fio converge asymptotically to the steady state. In

addition, the degree of indeterminacy is of order 2.

Proof. The eigenvalues of the matrix J° in (54) correspond to the roots of the characteristic

equation Pb(v) = |J b_ oI | = 0. Using the definition of J b in (54), this equation can be written as
P(v) = (v* = p) P/ (v) =0, (55)

where P/ (v) is defined in Lemma 4. Using this Lemma we know that P/(v) = 0 has real roots
satisfying |v1] < 1, |va] > 1, |vs] < 1, and |vs] > 1. The fifth and the sixth roots of P’(v) = 0
are vs = ,/p, and vg = —,/p,. Clearly, if [p.| > 1 then |vs| > 1 and |vg| > 1, whereas if [p.| < 1
then |vs| < 1 and |vg| < 1. Using this, the characterization of the roots of P/(v) = 0 and (55) we
can conclude the following. If [p.| > 1 then P’(v) = 0 has four explosive roots, namely |va| > 1,
lvg| > 1, Jus| > 1, and |vg| > 1. While if |p,| < 1 then P’(v) = 0 has two explosive roots, namely
|lva] > 1 and |vg| > 1. Therefore if |p.| > 1 the number of explosive roots is equal to the number of
non-predetermined variables (¢, &/ , friv and ¢"). Hence, applying the results of Blanchard and Kahn
(1980), it follows that there exists a unique equilibrium. This completes the proof for a).

On the contrary, by the previous analysis, if [p.| < 1 then the number of explosive roots, 2, is

less than the number of non-predetermined variables (¢, é?, ﬁfv and é{v ), 4. Applying the results
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of Blanchard and Kahn (1980), it follows that there exists an infinite number of perfect foresight
equilibria converging to the steady state. The degree of indeterminacy is the difference between the
number of non-predetermined variables and the number of explosive roots. This completes the proof
forb). m

A.1.4 Lemmata and Proofs for the Results in the Simple Model

Lemma 1 Define P (v)= v?+ Tv + D and consider the characteristic equation P (v)= 0. If either
a) P(1) <0 or b) P(—1) < 0 then the roots v are real.

Proof. First recall from Azariadis (1993) that a sufficient condition to have real roots is that
T? —4D > 0. To prove a) note that P(1) < 0 means that P(1) = 1—T+ D < 0. But this implies that
4T — 4 > 4D, which in turn leads to T2 —4D > T? — 4T +4 = (T — 2)2 > 0. Hence the roots are real.
Next we prove b). P(—1) < 0 means that P(1) = 1+7+ D < 0. But this implies that —47'—4 > 4D,
that in turn leads to 72 — 4D > T2 + 4T + 4 = (T + 2)* > 0. Hence the roots are real. m

Lemma 2 Define Pyr(v) = v* — (1 + 1_;1/_) + 1/1/£§T) v+ 1_;12 The roots of the characteristic equation
Pyer (v) = 0 are real and satisfy |vi] < 1 and |va| > 1.

Proof. First using the definition of Py.r(v), Assumptions 1, 2 and 3 and definitions in (22) we
obtain that Pyr(1) = —pre’ < 0 and Pyr(=1) = 2 (1+55) +ye? > 0. Since Pyer(1) < 0,
then by Lemma 1 we know that the two roots are real. In addition, from Azariadis (1993), having
Pper(1) < 0 and Pp.r(—1) > 0 imply that one root lies inside of the unit circle and the other one lies

outside the unit circle. Without loss of generality we can conclude that |v1] < 1 and |vg| > 1. =

Lemma 3 Define Pynon(v) = v? — (1 + % + <p§N> v+ % The roots of the characteristic equation
P.nev(v) =0 are real and satisfy |vs| < 1 and |vg| > 1.

Proof. First using the definition of P ~.~(v), Assumptions 1, 2 and 3 and definitions in (22) we
obtain that: P n.v(—1) = —p&¥ < 0 and Py (1) = 2 (1 + %) + @& > 0. Since Py n(—1) <0
then by Lemma 1 we know that the two roots of P .~ .~(v) = 0 are real. In addition, from Azariadis
(1993), having P n.~(—1) < 0 and P,n.~(1) > 0 imply that one root lies inside the unit circle and
the other one lies outside the unit circle. Without loss of generality we can conclude that |vs| < 1 and

‘U4’ >1. m

Lemma 4 The roots of the characteristic equation

Pf(v) = PbcT (U)PnNcN (1)) =0, (56)
where
Pper (v) = v* — (1 - % +m§T> v+ #
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are real and satisfy |v1| < 1, |va| > 1, Juz| <1 and |vg] > 1.

Proof. By Lemma 2 we know that Py (v) = 0 has two real roots satisfying |v1| < 1 and |vg| > 1.
On the other hand, by Lemma 3, we know that P ~.v(v) = 0 has two real roots satisfying |vs| < 1
and |vg| > 1. Using these and (56), the result of the Lemma follows. m

A.2 The Full Model
A.2.1 Forward-Looking and Backward-Looking Policies in the Full Model

We characterize the equilibrium for forward-looking policies (Rt = p.€t+1) and backward looking
policies (R; = p.é:_1), using the parametrization of Table 2. As an illustrative case, we focus on the
experiment of varying the degree of responsiveness to future (past) currency depreciation (p,) and the
intratemporal elasticity of substitution (a), keeping the rest constant. The results are presented in
Figure 5. The top panel shows the results for a forward-looking policy. The bottom panel presents
the results for a backward-looking policy.

From the top-panel, we can infer that forward-looking policies always induce multiple cyclical
equilibria, as long as p, # 0, and either |p.| > 1 or |p.| < 1. On the other hand, for backward-looking
rules, the coefficient of response to past depreciation, p., plays an important role. In particular, timid
rules with respect to past depreciation (|p.| < 1) always induce multiple equilibria, regardless of the
intratemporal elasticity of substitution (a). In contrast, aggressive rules (|p.| > 1) can guarantee a
unique equilibrium. Nevertheless, being aggressive with respect to past depreciation (|p.| > 1) is not
a sufficient condition to guarantee a unique equilibrium. It is only a necessary condition.

Varying other structural parameters different from the intratemporal elasticity of substitution (a),

in tandem with p,, lead to similar results.*?> The following proposition summarizes these results.
Proposition 5 Under a currency crisis,

1. If the government follows a forward-looking policy such as R, = Pc€i+1 with p, # 0 and either
lpcl > 1 or |p.| < 1, then there exists a continuum of perfect foresight “cyclical” equilibria
(indeterminacy), in which the sequences {¢l, &V, ét, ﬁtT, fz{v, I, BZ‘, met, e, G, G, by, &,

7, Rt}i’io converge to the steady state.

2. If the government follows a backward-looking policy such as R = Pc€t—1 with p, < 0, then

a) |p.| <1 is a sufficient condition for the existence of a continuum of perfect foresight equilib-
ria, possibly “cyclical”, in which the sequences {é;, éfv, ét, }Az?, iziv, ft, ISZ‘, mee, €, cjtT, cj{v, W,

&, A1, Rt}fio converge to the steady state.

42The results are available from the author upon request.
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Figure 5: Characterization of the equilibrium for forward-looking (top-panel) and backward-looking (bottom-
panel) policies varying the degree of responsiveness to currency depreciation (p,) and the intratemporal elasticity
of substitution (a). It is assumed that p, # —1,0,1. A cross “x” denotes parameter combinations under which

A dot “. represents

parameter combinations under which the policy induces multiple equilibria whose degree of indeterminacy is of

the policy induces multiple equilibria whose degree of indeterminacy is of order one.

order two. The white regions represent parameter combinations under which there exists a unique equilibrium.
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b) |p| > 1 is a necessary but not a sufficient condition for the existence of a unique perfect
foresight equilibrium, where the sequences {él, eV, (,, hl', BN, Iy, b}, ey, &, Gf 5 G, by, &,

#y, Rt}?io converge to the steady state.
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