“State-Dependent Nominal Rigidities & Disinflation Progra
in Small Open Economies”
Kélver Hernandez
October 27, 2004
(Job Market Paper)

Abstract

Empirical regularities from high-inflation economies, esially in Latin Amer-
ica, suggest that exchange rate-based (ERB) disinflatiothsreney-based (MB)
disinflations induce sharply different dynamics in constiolpand GDP. | study
the role of nominal rigidities to explain business cycle tliations associated to
ERB and MB disinflations within a single framework. By buildi on Calvo’s
(1983) pricing theory, this paper introduces elementsattstlependent pricing at
the firm level into an otherwise standard small open econoyeah This new fea-
ture allows for endogenous variations in the aggregateegegfrnominal rigidities.
The model contains as a special case a time-dependentgpnimdel discussed in
the literature. Nonlinear simulations show that the modith state-dependent
nominal rigidities generates a dynamic behavior that isemaamsistent with the
empirical evidence, compared to the model with time-depanhgricing.

*Boston College, Department of Economics, 140 Commonwéaitinue, Chestnut Hill, MA 02467-
3859. Tel: (617) 552-8704. Email: hernanko@bc.edu. | tHaeter Ireland, Fabio Ghironi and Fabio
Schiantarelli for extremely helpful comments.



1 Introduction

Empirical regularities from high-inflation economies, esially in Latin America, sug-
gest that exchange rate-based (ERB) disinflation prograchsreney-based (MB) dis-
inflation programs induce different dynamics. Such diffexs are sharper in GDP and
consumption. ERB disinflations are characterized by amairsustained boom in real
activity followed by a later recession, whereas MB prograres accompanied by an
initial short-lived recession followed by a recovery (Gabnd Végh [1999]).

In models with nominal rigidities, the gradual response @ihmal prices to mon-
etary policies creates trade-offs between inflation angututhat are summarized by
the Phillips curve. Thus, models with nominal rigiditieggict inflation-output trade-
offs consistent with the initial dynamics of MB disinflatipnograms. However, by the
same token, they are less successful in explaining thaliepansionary phase of ERB
disinflations.

In the literature of ERB disinflations it is often the caset ihflation acts as a distor-
tionary tax on the relative price of consumption and leistiren a disinflation program
that eliminates such distortion can generate an initiahegpnary impulse in consump-
tion. However, in economies with nominal rigidities as thas Calvo, Celasun and
Kumhof (2003), Rebelo and Végh (1995) or Uribe (1999), sustial expansionary
impulse is ameliorated or eliminated by the effects of thélips curve (Rebelo and
Végh [1995]). Moreover, in models with flexible prices théation-output trade-offs
consistent with the initial dynamics of MB disinflations arat present.

The main contribution of this paper is to analyze the role @hmal rigidities to
explain the dynamics induced by credible and noncredibl® BRd MB disinflation
programs within a single framework. The model extends Cal@83) time-dependent

pricing to introduce elements of state-dependent prictrigeafirm level into an other-



wise standard small open economy model.

Elements of state-dependent pricing allow for endogenaustons in the degree
of nominal rigidities. That is, when faced with large momgtshocks, firms may find
optimal to revise their pricing policies more often to acenatdate the new state of
the economy. In contrast, in models with time-dependemimyi—as those mentioned
above—the average frequency at which nominal prices imratp changes in the state
of the economy is constant and exogenous.

As in Calvo (1983) pricing, the model assumes that firms caahgir pricing poli-
cies infrequently, only if they receive a random signal watdmstant probability. How-
ever, different from time-dependent models, firms can ca@igher probability of
pricing-plan revisions as part of their optimal pricing plaPrice-setters must pay a
cost to benefit from faster pricing-plan revisions. Follog/Dotsey, King and Wolman
(1999), this costis random. A firm chooses a higher proltgafipricing-plan revisions
if the cost of doing so is compensated by the change in the\althe firm.

The combination of state-dependent and time-dependetitrésain the firm’s pric-
ing is consistent with economies in which the main cost ohgiag pricing policies is
the cost of learning the state of the economy. As argued bydWgod (2004, Ch. 3)
or Blanchard and Fisher (2000, Ch. 8), when the cost of lagrtiie state of the econ-
omy is the main cost in pricing, firms must set the date of pgeevisions in calendar
time. The model shares such characteristic with time-ddgetmodels. However, the
new feature in firm’s pricing shows that when firms face largmeatary shocks, they
may have a strong incentive to adjust pricing policies mdteno That endogenizes the
aggregate degree of nominal rigidities.

The pricing scheme of the model contains as a special casetia@ependent pric-

ing discussed in Calvo, Celasun and Kumhof (2003) for an gmemomy or in Ces-



pedes, Kumhof and Parrado (2003) for a closed economy. loypekperiments, | use
such special case of the model to isolate the effects of-degtendent pricing.

| study the dynamics of key macroeconomic variables undeethisinflation sce-
narios. The first natural experiment is a permanent and ldeedisinflation program,
however as pointed out by Calvo and Végh (1999), a commoracteistic of stabiliza-
tion programs is imperfect credibility. In the second expent, as in Calvo (1986), lack
of credibility takes the form of a temporary program thatdder  quarters, thereafter
the program is abandoned. The third experiment introducesrtainty. As in Mendoza
and Uribe (1997) or Uribe (2002), in the third experimentragattach probabilities to
the abandonment of the disinflation program.

Nonlinear simulations show that in a temporary ERB disiidlaprogram lasting
twelve quarters, the model with state-dependent nomigalities predicts that, as long
as the program is in place, the economy faces a graduallyrldegree of nominal
rigidities. That in turn, gives room for a sustained expansin the consumption of
tradables—i.e., the sector with nominal rigidities,—el¥ed by a later recession. The
boom reaches its peak eight quarters after the implementafithe program. In con-
trast, in the model’s special case of constant nominal itigel counterfactually, the
recession sets forth immediately after the beginning optiogram.

The initial equilibrium path of other key macroeconomicigates is in accordance
with observed ERB disinflation episodes. Namely, a gradalalrf inflation, an initial
appreciation of the real exchange rate and a boom-recesgitmin the tradable sector.

At the microeconomic level, when the ERB program is peratias imperfectly
credible, firms are willing to spend between five and six petrod their profits to im-
plement more frequent pricing-plan revisions. Such inwenasts for almost the entire

duration of the program. That figures agree with firm levedewnce on the cost of



pricing activities presented in Zbaraki et al. (2003).

The qualitative properties of the model with state-depahdeminal rigidities and
its special case of constant nominal rigidities found fonperary ERB programs also
hold in ERB programs of uncertain duration. Moreover, they r@bust to alternative
calibrations.

On the other hand, in temporary MB disinflations or MB progsamith uncertain
duration, the model with state-dependent nominal rigeditand its special case, they
both predict an initial short-lived recession in nontrddab Moreover, the transition
dynamics of both models are qualitative similar.

The rest of the paper is organized as follows. Section 2 ptesiee model for a small
open economy, in particular, subsection 2.2 presents tbmgmproblem of the firms
in the nontradable sector. Section 3 discusses the dynahite three stabilization
programs studied, including a subsection with sensitiaiglysis. Section 4 presents

some concluding remarks.

2 The Small Open Economy

The small, open economy is populated by a representativeehold, a continuum of
monopolistic competitive firms indexed hye [0, 1], a fiscal authority and a monetary
authority. For ease of the exposition assume that all agettie economy have perfect-
foresight. | will introduce uncertainty in the subsectiad.3

Assume that the law of one price holds for internationaldable goods. This is,
P = &P/ in any periodt = 0,1,2..., whereP! and P/* denote the nominal price
of tradables in the domestic and foreign economy respdgtigad &; is the nominal
exchange rate. Moreover, normalizing the foreign priceadables to one, the law of

one price implie?! = &,.



The nominal price index of nontradables/’ andm, = P/ P}, is the gross
inflation rate of nontradable goods. | define the real exchaatg,e;, as the relative
price of tradable goods in terms of nontradables, that;is; &,/ PY. The economy
can freely borrow from or lend to the rest of the world, theruanovered interest parity

holds. This is, the domestic nominal interest ratesatisfies

L+id = (14r)e, (1)

wherer > 0 is the real international interest rate and= &;/ &, is the gross depreci-

ation rate of the nominal exchange rate.

2.1 The Household

The representative household derives utility from leisame from consumption of a
basket of goods containing a homogeneous tradable godnd a variety of hetero-
geneous nontradable good$(z), wherez corresponds to the index of the producing

firm. The household’s period utility function is

1 - _
U(Ch N = 7= (C—9C) ™+ o (L= m) )

wherel’ > 0, > 0,p € [0,1) andx > 0 are parameters shaping the household’s
preferencesn;, is time allocated to work, with the total endowment of time period
normalized to one, and; is a composite basket of tradable and nontradable goods. Not
that, as in Uribe (2002), preferences allow for non-sephtybver time in consump-
tion,! howevery = 0 corresponds to the more conventional case of time sepigyabil

consumption.

1Uribe (2002) shows that for a small open economy with flexislees, non-separability over time in
consumption can help to rationalize stylized facts assedigb exchange-rate-based disinflations.
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The composite basket of tradable and nontradable goods is

c = (ch) (cM)' ™, 3)

0/(0-1) . ..
with § > 1, is the Dixit-

wherey € (0,1) andCY = [fol [ (2)](9—1)/9 dz]
Stiglitz aggregator of consumption over varieties of nadable goods ().
Households hold internationally traded bonds denominatedits of tradable goods,

b, which yield a real interest rate The sources of funds in perigdnclude: the prin-
cipal and the return of bonds purchased atl, b;_, (1 + r), an endowment of tradable
goodsY,” = Y7, identical lump-sum transfers in terms of tradablesyemunerations
from labor at a nominal wage rai&;, and lump-sum transfers equal to the aggregate
firms’ nominal profits, denoted hsx;. The budget constraint in terms of tradables is

Winy,

Ay My,
. yT _t
3 + + a; + & + 3

+b 1 (1+71)>

o J N () (2)dz M,
(q + Z )(1+3(ut))+bt+?t.

The uses of funds consist of consumption of the homogeneadatile good”/,
consumption of nontradable good$(z) with nominal pricep¥ (z) for = € [0, 1], trans-
action costs proportional to consumption expenditrg, real bonds in terms of trad-
ables purchased atb;, and money balance¥, carried tot + 1.

Following Kimbrough (1986), purchases of goods are sulifg¢tansaction costs

which are increasing in money velocity. The transaction costs technology is

(ut)g_ ! ) (4)




whereK > 0 andg > 1. In equation 4, money velocity is defined by

_C?+Cgv/€t

(5)
my

Uy

Imposing the no Ponzi game conditidity, ., (”fij;’)’g > 0, and using the uncovered

interest parity (1) we can rewrite the budget constraint as

N ACEAOLE

(1+ s(u)) +

The representative household chooégsC?, CV, cN(z) Vz, n;, m; andu, for

t=20,1,2...,to maximize

[e.o]

ZﬁtU(Cm nt) (7)

t=0
subject to the consumption aggregator (3), the transactmts technology (4), the

money velocity (5) and the budget constraint (6).

Expenditure minimization yields the demand for nontradajdods:

() = (piv (Z))_G ey, 8)

PN

1
wherePY is the utility-based price index defined By = [fol (PN ()] dz] -
Let v denote the time-invariant Lagrange multiplier associdtethe budget con-

straint and assumg = (1 + r)~' to avoid trends in real variables. The first-order

! &, 1+i, & &,



conditions forC¥ andC}Y imply:

v r ON I—y
Y(Ci—=¢Cia) ™ = Bp(Crir — 9Cy) ] (O—ttT) = x [1+ s(ue) + wsu(ur)] (9)
and
CN —
= ! e (10)

wheres,,(-) is the derivative of(-) with respect tay,.
The first-order condition with respect to real money balangelds(u;)?s, (u;) =
i¢/ (1 + 4;), which, from the transaction costs technology (4) and theeworelocity

(5), implies the money demand:

. 71/g
2

The first-order condition for laborf) implies

w
K(1—n) ¢ = xe—:, (12)

wherew; = W,/ PY is the real wage rate in terms of nontradables. Finally, tis¢-fi
order conditions also include the budget constraint (63lingl with equality and the

consumption aggregator (3).

2.2 The Firms

Pricing scheme

Extending Calvo’s (1983) pricing, | assume that firms in tber®@my can change their

pricing plans without cost with probabilityf —« ). However, firms can pay a lump-sum



cost to increase their probability of pricing-plan revissdo(1 —ay ), where(1—ay) >
(1 —ayp).

As in Dotsey, King and Wolman (1999), firms face a random Iwsup cost that
avoids faster pricing-plan revisions. Once a firm receibesrandom signal to change
its pricing plan it also observes the realization of the mndtost{ > 0 that the firm
has to pay to increase its probability of pricing-plan rexs. The random costis
measured in units of nontradable output.

If the firm does not pay the random lump-sum c@siit is subject to the lower
probability of pricing-plan revisions, but it can set a neicmg-plan without additional
cost. Different from Dotsey, King and Wolman (1999), firmsalkesate their pricing
policies infrequently. That is, with probabilityy — «;) for j = H, L, as opposed to
with probability one in each periofl As pointed out in the introduction, infrequent
evaluations of pricing policies is consistent with econesnivhere the main restriction
inhibiting flexible prices is the cost of internalizing thea® of the economy in pricing
decisions.

A firm paying the random cost at ¢’ will be subject to a probability of pricing-
plan revisiong1 — «a) until it receives a new random signal, sayfat s. Then the
monopolistic firm will choose af + s either to pay the random cost again and keep the
higher probability of pricing-plan revisions, or not to ptye random cost and set its
probability equal tq1 — «; )—see Figure 1.

Extending Calvo, Celasun and Kumhof (2003) | assume thatagrplan consists
of an initial pricep}; (), a firm specific growth rate for the firm’s initial prices; ¢ (z),

and a probability of pricing-plan revisiori$ — «;), wherej = H, L.

2In Dotsey, King and Wolman (1999) firmevaluate in each period their pricing policies. That is,
price-setters must solve a dynamic optimization problegaich period, which requires information about
the state of the economy. In their model, firms set new pridasdoing so, the value of the firm increases
enough to cover a random lump-sum cost associated tahifsical cost of changing prices.



Firms Acting Under(1 — o) Firms Acting Under(1 — ay)

Figure 1: Pricing Mechanism

A firm can revise pricing-plans without cost with probalyilit — «1,). The firmz’ setting a new
pricing policy att, increases its probability of pricing-plan revisions(1o— o) by paying the
random lump-sum cogt with probability \;. The setV; accounts for the mass of firm acting
under the probability of pricing-plan revisio(s— o). The firmz* setting a new pricing policy
att decides not to pay the random cost with probability- A;) by setting pricing-policies under
(1 — ar). The setu, accounts for the firms acting und@r— o).

A firm choosing a new pricing plan &tmaximizes the value of the firm by choosing
the triplet (1 — o), pii(2),@;+(2)). Given the initial price and its growth rate, the

price charged by a firm choosirig — «;), evolves according to:
pj\fturs(z) = [wt/(z)]spj-\ft’f(z), fors=0,1,2.... (13)

The time-dependent pricing rule (13) is in place until thetqeicing-plan revision.

The value of a firm in periodt’ can be described using four recursions, two of them
associated to its value &f D, ; -, given thatz is choosing1 — «;), for j = H, L. The
other two recursions are associated to the valueatt’ +s, Dy ;s fors=1,2,3...
and;j = H, L, given thatz has not changed its pricing plan sinteThe four recursions
account for the possibility of acting under two differenbpabilities of pricing-plan
revisions and the two possibilities of being allowed to a@pricing-plans or not. In

what follows | describe the value of the firm and its optimatimg-plan.
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The value of the firm

Consider the maximization problem for a firm receiving thed@am signal to revise
pricing plans at’. The firm decides a new pricing-plan and its probability a€img-
plan revisions. The decision is based on the value of the firdeueach probability of
pricing-plan adjustment.

Let 7;.1(z) be the indicator function equal to onezfchooseq1 — ay) att + 1
and zero otherwise. Let,,; = Pr[/;;1(z) = 1] be the probability of: choosing
(1 —ag)att+ 1. Also letd (p2,(2),-) = Ay(z)/ P be the real profits—in terms of
nontradables—aitfor the firmz, given its pricep), (z).

Firms choosing a pricing policy ifi discount real profits received ih+ 1 using

the domestic real interest rate in terms of nontradables.onte-period ahead discount

(A+r)eyyy } !

Tyl 41

factor between’ andt’ + 1iswy 1 = [
The real value at’, in terms of nontradables, of a firm subject to the probapbilit
(1 —«;), for j = H, L, which receives the random signal of pricing-plan revisiatt’,

gross of the random cost, is given by the recursion
Dosu(Se) = max  {d(pNi(=), Sv) (14)
{pNs(2) ;0 ()}
+ w1 D1 4 (wj,t’(z)pjyj(z)a St’+1)
+ (1 - aj) Wy 1A 41 [DO,H,t’—f—l (St'+1) - Et’-{—l}

+ (1 - Oéj) W 41 (1 - )\t’—i—l) DO,L,t’+1 (St’—‘,—l) }7

where S, is a vector of variables describing the state of the econamyand=, , 1,
defined below, is the expected random cost conditional onsihg(1 — o) att’ + 1

with probability \, ; 3.

3Note that at the firm level firms face idiosyncratic randonsrieshe random lump-sum cost, however
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The recursion (14) has a straightforward interpretatioor éxample, sej = H.
Then, it follows from (14) that the value of the firmat ¢’ acting under(1 — ay),
Do,rr¢(+), equals the profitsl (p}y%,(2),-) plus the discounted expected value of the
firm att¢’ 4+ 1. The last three lines in (14) describe the expected valuesfitm att’ + 1
under the three possible circumstances.

First, with probabilitya the firm is not allowed to change its pricing plan. Thus,
it is not allowed to choose a different probability of prighplan adjustments. In that
case, the value of the firm #t+ 1 is Dy y .1 (-)—described below.

Second, with probability1 — «) the firm receives the random signal of pricing-
plan revisions—which is strictly time dependent—thusjwvgitobability (1 — ag) Ay 1,
the firm decides to pay the random cost with conditional etqueealue=, ;. In that
case, the value of the firm [®¢ v 11 — Zp41].

Finally with probability(1 — a) the firm is allowed to revise its pricing policy, and
with probability (1 — Ay1) the firm decides not to pay the random cost. Therefore, it
will be subject to the probability of pricing-plan changés— «y). In that case, the
value of the firm isDg 1, 441 (+).

Following the same principle, the value of the firm'at s, fors= 1,2, 3, ..., acting

under(1 — «;), if it has not received the signal of pricing-plan revisisitscet’, is

Dy jpys(Spys) = d ([@j0(2)]° 0} (2), Sys) (15)
+ jwytsi1 D1 jursit ([@50(2)]7 P (2), Svisr)
+ (1 — ) wryspiAvysir [Dowrsin (Svysin) — Evysia]

+ (1= aj)wrisir (1= Mvysir) Dopaysia (Svisi)-

Note that the maximization operator does not appear in (&6alse the only deci-

it will become clear later that firms can have perfect foresan the aggregate variables of the economy.
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sion made is input demand, which is implicit in the definit@fi(-). Also note that in
the profit function the price of the firm is updated using timeetidependent rule (13)
and such pricing policy holds until the firm receives a newdmn signal of pricing-plan

revisions.

Optimal pricing plan

A) Optimal Probability of Pricing-Plan Revisions

A firm receiving the random signal of pricing-plan revisi@ig' chooses the high prob-
ability of pricing-plan revisions if the value of the firm—iarms of nontradables—¢it
under(1 — ay) exceeds the value of the firm#@under(1 — «,,) by at least the random

cost associateg this is, if and only if
Dory —Dory > €. (16)

Recall that the random costis in units of nontradable output. Moreover, assume
that¢ has a cumulative density functidg#(-). Thus, before observing the realization
of ¢, the probability ofz choosing(1 — ag) is given byPr [Dy v — Doy > €] =
G (Douy — Do)

As argued by Dotsey, King and Wolman (1999), the continuitg=¢ ) and the fact
that there is a large number of firms imply that the fractiofirofis choosing1 — ay),

conditional on receiving the random signal of pricing-ptanisions at’, is
A =G (DO,H,t' - DO,L,t’) .

Letting ¢(-) denote the density function @f the conditional expected random cost is

Et/ = 1/G (DO,H,t/ — DO,L,t’) . fO[DO"H’t/_DO’L"t/] .I'g(.%')dl’

13



o vexp(—i§) IFE>0
For parameterization purposes assuifi¢ = , with ¢ > 0.

0 if&E<0
4 Thus, the density function of the random lump-sum cost, iespl

A =1 — exp (—L [DO,H,t/ - DO,L,t’]) (17)
and

— 1
S Wl (1/t+ Do, — Do) - exp (=t [Dogre — Do) - (18)
t/

B) Optimal Pair (p}(2), @ (2))

Firm z maximizes the expected present value of the firm describdd4y (15), (17)

and (18) subject to the demand function (8) and the techyolog

v (2) = me(2), (19)

whereyY(z) is the total output produced by the firm, and z) is the amount of labor
employed. y/ (z) has two components: output produced to satisfy consumeaiém
yéVt (z) and output required in pricing activities by firms incurritg random lump-sum
cost,y,)'(z), thatis,y, (2) = y2(2) + 5 (2).

Constant returns to scale imply that the total cost of pradoaequired to meet

consumer demand can be written«ag,(z), wheres); is the real marginal cost, in

“4Different from Dotsey King and Wolman (1999) or Burstein @29, | do not need to impose an upper
bound for the random variabfe This is because firms have the option of not paying the ranchsnand
still change prices, but with a lower frequency.

SNote that the expected random lump-sum cost is conditiomdl gatisfying[Do_ ++ — Do.r.+/] >
¢ > 0. Otherwise, according to (16), the firm chooses not to payahdom cost. To obtain equation
(18) computel/ G (Do, mr,¢ — Do,z 1) - fO[DQHf“‘DOM’] z g(x)dz. Thus the termi /), in (18) is part
of the conditional distribution.
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terms of nontradables, implied by the optimal input dem@rithis, together with the
market clearing condition (z) = yéYt(z) and the demand function (8) yields the real

profit function—in terms of nontradables—qgross of the randomp-sum cost:

—8
pyi(z) N
( o ) N, (20)

pyi(z)

d(pjv,t(z)ust) = PN
t

—

where, as mentioned aboye), (z) evolves according to the time-dependent rule (13).

Consider a firmz which receives the random signal to change pricing policigs

From the recursion (14), the first-order condition with mﬂmpﬁf(z) Is:
od N/Z,S/ 0D ;v N/ Z,S/
0 — (Pj,iv(* ), Sr) + Qg 1,5, +1(P§V¢*+1( ) t+1)7 21)
apj,t’(z) apj,t’(’z)
where, the equation (15) implies
aD17j7t’+S(p§y¢/+s(z)> St’—f—s) _ 8d(p§y¢’+s(z)v St’+5) (22)
O} (2) Ophe (2)
3D1,j,t/+s#1(p%+s+1(2’)7 Sy yst1)
+ oWy :
fors=1,2,3,....
From the recursion (15) follows that the first-order coratitfor w, (z) is
8D1,j,t/+s(p§y¢/+s(z)aSt’+s) _ 3d(l?§y,y+s(2)>5t’+s) 23)
Owjp(2) Owj v (2)
aDl,j,t/+S+1(p§'\,[t/+S+l(z>7 Sy yst1)
+toWy st

aw]"t/ (Z)

Using the profit function (20) and the time-dependent ruj @ calculatedd(-) / dp)' ()
anddd(-)/ 0w;«(z)in (21), (22) and (23), | obtain that the optimal pgit'; (=), w; ¢ (2))

SMarginal cost is not firm specific because labor is freely rieobi
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satisfie$

0

Nx Z Qur 45 (5)° wj t’ [H T+ Cg/\crswt”rs
Piw _ 0 (24)
Pt],v 60— 1 (=1
s (1—6
Z Qt,,t/+8 (O{]) < j v )> [H 7Tt/+]] Ot/+5
s=0
and
o 0
N Z SQt/ A +s (Oé] j t’ [H T 4 Ot]’v-l,-swt’-i-s
P _ 0 s=0 25
Py 6-1 (6-1) ’ (25)
Z SQt/ t/+$ (Q] ( .glt/ 6 ) [H 7Tt/+_] Ct/+s
s=0

whereQy vy, = [szl wt/ﬂ} is the s-period ahead discount factor betwegrand
' + 5.8 Note that | use the notatioﬁ?zl(-) = 1. Moreover, | dropped the firm’s index
because firms choosirid — «;) att’ are symmetric.

Equations (24) and (25) resemble the conditions obtain&thigrdependent pricing
models by Calvo, Celasun and Kumhof (2003) and by Cespedeshkf and Parrado
(2003). Here however, firms choose also their probabilityp¢ing-plan revisions,
(1 — «;), which in turn generates endogenous fluctuations in theeggde level of

nominal rigidities.

"To obtain the expression (24) substitute recursively (225sf= 1,2,3... into (21). Similarly, to
obtain the expression (25) substitute recursively (23sfer 2,3,4 ... into the right-hand side of (23)
fors = 1.

X —1
8From the definition ot it follows: Qy ¢y = [Hle %} with Qv = 1.

Tt/ 45
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Evolution of average frequency of pricing-plan revisions

Let V; be the mass of firms that the last time that they revised gripwlicies, before
and up taf, they chosél — o). | refer to this as firms acting undér — oy ) att—see
Figure 1. Note that this implies that the mass of firms chap§in— ay) at timet is
Vi— Vi1,

Similarly, letu, be the mass of firms acting subject(io— o) att. Given the initial

conditionsu_; andV_4, the evolution oft; andy; can be described with the recursions:

Vi=Via+ A —ap) -1 — (1= X)(1 —ag)Viaa (26)
lut - 1 - ‘/;7 (27)

H_1 = W, andV_1 =V.

The recursion (26) implies that the net mass of firms choddingvy ) att, V;—V;_4,
equals the mass of firms that decided to switch fléma,) to (1—ay) at the beginning
of the period, minus the mass of firms switching back frfdm- a5 ) to (1 — «,). Thus,
the second term in equation (26) states that, at tiradraction); of the mass receiving
the random signal of pricing-plan revisions (at the begigroft) with low probability,
(1 — ag)pe—1, will choose(1 — ay)—i.e., pay the random cost. The third term states
that a fraction(1 — \;) of firms under(1 — ay) decides not to pay the random cost and
switches back t41 — ay), i.e.,(1 — \)(1 — ay)V;—1 choosg1 — ay,).

Equation (27) holds because the mass of firms is constantcarad ® one, so that
Vi+pu, = 1forallt =0, 1, 2.... The initial conditions are determined by the steady
state of the economy.

Assuming that each period represents one quarter, it fellnat, in average, firms
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in the economy change pricing policies

F=(1—-ap)m+ (1 —ag)(l—u) (28)

times per quarter. Note that, although the expected fregyuehpricing-plan revisions
can take only two values at firm level, the average frequehpyicing-plan revisions at
the aggregate levek;, is a double-bounded continuous function, with upper amgeto

bounds(1 — ay) and(1 — «y,), respectively.

The price level

To aggregate prices, it is convenient to rewrite the pricinfor nontradable®N =

1

oI (1] as:

PN = [u(PY) ™+ (1= (PY) ] (292)

1

! [piv(i)]lfedé} "’ Theindex

1243

with PY, = [i O”t[p,{v(;:«)]1*%1;:«]m andPy, = [ﬁ [
z € [0,1] is chosen so that the integral in the subindﬁi aggregates prices of firms
acting subject tdl — ;) in timet.

As in the standard Calvo (1983)-Yun (1996) framework, gitte® assumption of
a constant probability of changing pricing policies, thE:qarsub-indexPﬁ can be ex-
pressed as a weighted average of prices optimally chosée ipast—weighted by; .

However, different from time-dependent pricing models, tiass of firms setting a new

pricing policy under(1 — «;) changes with the state of the economy. Accordingly, we
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can express the price sub-indexes as:

nyt-o 1 0 W
(PLt) = e ( L) [(1 L)Mt—s—1
— (Vi = Vie )] [P (w0 (29D)
and
(PR = 122 o) [0 = )1 =)

+ (Vies = Vies )] i (@me-0)] - (290)

In the sub-index”/"; above, the mass of firms setting the new gajt;_,, w..) at
t — s is expressed as the mass of firms that had the opportunityigenericing policies
at the beginning of the periad— s, (1 — ay)u:—s—1, minus the net mass of those that
decided to choos@ — ay), (Vi—s — V;_s_1). Similarly, in the sub-indePgt, the mass
of firms setting a new pai@pg;ﬂ, wH,t_s) under(1 — ay) is expressed as the mass of
firms under the high probability that received the randomaligf pricing-plan changes
at the beginning of the periad— s, (1 — ag)(1 — p—s—1), plus the net mass of firms
choosing(1 — ay) att — s, thisis,(V;_s — Vi_s_1).

The price index described by (29a), (29b) and (29c) contasnespecial case the
price index based in time-dependent pricing policies dised in Calvo, Celasun and
Kumhof (2003) or Cespedes, Kumhof and Parrado (2003).

To see that, consider a situation in which the cost to revigzng policies more
frequently is sufficiently high such that firms keep the lowhmbility of pricing-policy
revisions under any state of the economy. Then from the tiondj16) it follows that

A+ = 0Vt and from the equations (26)-(27) follows that= =1Vt andV, =V =0
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vt.2 Moreover, from the price indexes (29a)-(29c) we obtain:

(PtN)l 1_CKL Z th . th s>s]1—9.
s=0

This is the price index presented in Calvo et al. (2003) foopan economy and in
Cespedes et al. (2003) for a closed economy.

In the general case however, the cost of additional pripilag-revisions is not re-
strictive, thus the evolution of the mass of firms choosingetaese pricing policies more

frequently shapes the dynamics of the price index.

2.3 Government

The fiscal authority holds a stock of internationally tradehds,b, ;, denominated in
units of tradable goods. The monetary authority issues gnahéhe gross rate; =
M, /M,_, and makes lump-sum transfers The consolidated budget constraint of the

government, in terms of tradables, is

M, — M,_
bpaa(L47) + —— L (30)
t
for which, the no Ponzi game conditidim;_. . bé’i’:r’;? = 0 holds. Note that the money
growth ratep, implies
my = &mt_l. (31)
&t

To close the model | specify the path for the depreciatiom{at} >, or alternatively
the path for the money growth rafe; }:°, in the context of policy experiments in the

next section. Appendix A states a formal definition of eduilim for the economy and

%In numerical simulations, a high enough mean of the randasnh(eog.E[¢] = 1/ = 1e®) produces
A¢ =20V, py = 1 andV; =2 0Vt as shown in the next section.
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its characterization as a system of equations.

3 Stabilization Programs: Dynamics

3.1 Solution Algorithm and Calibration

| solve the model using an iterative backward recursionrélyn. That method is used
for example by Golosov and Lucas (2003) or Burstein (20023tate-dependent pricing
models for closed economies and by Mendoza and Uribe (19®&nf open economy
with flexible prices.

Following Golosov and Lucas (2008)the algorithm assumes that there is a period
t = T when the economy reaches a new steady state. i) | make al guess for the
path of the aggregate variablé§™ m;, v }2°,, given that guess ii) | solve the for the
firm level prices{v},, @;:}7<, from the system (24)-(25) with = H, L and iii) | use
that sequence to aggregate prices together with the hod&eficst-order conditions
and budget constraints to construct the implied path(e¥, 7, ¢ }22,. If each element
of the guess in i) and the path found in iii) have a differenoaléer thanle=° | stop,

otherwise | iterate over i), ii) and iii) to find convergence.

Calibration

| calibrate the economy using parameter values often usibe iliterature of disinflation
programs for small open economies. The discount fagtet ().984) implies a real rate
of return of6.5 percent annually. The paramefér= 1 corresponds to a logarithmic

utility function in (the quasidifference of) consumption= 0.5 is the elasticity of the

10Golosov and Lucas (2003) study credible and noncrediblmaeent disinflation programs under
perfect foresight—among other experiments—for a stafgeddent pricing model in a closed economy.
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Parameter Value  Description

Preferences
8= .984 subjective discount factor
y=.5 elasticity of consumption aggregator w.r.t. tradables
p=.5 habit parameter
0=6 own price-elasticity of nontradables
(=3 inverse wage-elasticity of labor supply
k=0.124 preference parameter
=1 preference parameter
Pricing mechanism
Il—ap)=.2 lower bound for average frequency of pricing-plan revisi(#i)
(I-—ag)=25 upper bound for average frequency of pricing-plan revisi@f)
v =1/0.005 inverse of expected random cost in units of nontradableututp
Transaction Costs and Endowments
K =38 scale parameter in transaction costs technology
¢=1/0.2 inverse elasticity of money demand w.id/ (1 + ;)
YT =1/3 endowment of tradables

b_1=0b4-1=0 initial stocks of bonds (households and government resdyx
Monetary Policy

eh(= ") =1.27  Quarterly gross devaluation (money growth) rate beforeptogram

el(= 0') =1.024  Quarterly gross devaluation (money growth) rate duringoitegram

T=12 Time duration of the program in quarters (temporary program

Table 1: Baseline Calibration

consumption aggregator with respect to tradables. Themvee-elasticity of demand
for nontradablesd = 6) implies a steady-state markup of 20 percent above marginal
cost.

The value ofx in the utility function is chosen such that in the pre-anrmmment
steady-state households allocate one third of the endowedtd labor ¢ = 0.124
impliesn = 1/3). The wage elasticity of labor supply 15¢, which | set tol /3. As
in Uribe (2002) preferences show non-separability oveetwmith o = 0.5. However |
also analyze the case gf= 0 in the subsection 3.4.

The elasticity of money demand with respectt1+ ;) is 1 /< in equation (11). A
value of¢ = 1/0.2 is consistent with empirical estimates provided by Reih&iad Végh
(1995). Moreover, substituting the money demand (11) ih® money velocity (5)

1

yields the money velocity as a function of the nominal inserate:u; = Kt (1%) .

22



Following Mendoza and Uribe (1997), the valugfoin the transaction costs technology
is such that in the pre-stabilization steady-state, theaypoelocity is0.32 (K = 3.8).
The endowment of tradables¥s" = 1/3 and the initial stocks of bonds are set to zero
(b_1 =by-1=0).

To make the results comparable with the existing literatdirdisinflation programs
in small open economies, the parameters of the pricing nmésimaare chosen to stay
close to the standard time-dependent model. At the firm Ievel o) = 0.2 im-
plies that firms subject to the low probability of pricingaplrevisions set new pricing-
policies once every five quarters on average; ay) = 0.5 implies that, under the high
probability of pricing-plan adjustments, firms revise prg:policies twice per year on
average. At the aggregate level, these values imply an @ueklower bound on fluctu-
ations of the average frequency of pricing-plan revisidrizand 0.8 revisions per year,
respectively.

Consistent with Dotsey, King and Wolman'’s (1999) calilatithe parameterin
the distribution of the random coé&t(-) implies that the unconditional expected cost is
0.005 units of nontradable outpufl(§) = 1/. = 0.005).

In each experiment | also simulate the economy for the casdich the degree of
nominal rigidities is constant. To do that, | set the unctindal mean of of the random
lump-sum cost to one thousand units of nontradable outp(g)(= 1/. = 1e3). As
discussed above (p. 19) when the random lump-sum cost r&cties, the price index
of the economy resemble the time-dependent price indexogexpin Calvo, Celasun
and Kumhof (2001) for an open economy.

Finally, note that the high probability of pricing-plan rens, the relevant proba-
bility for the special case of constant nominal rigiditiessn line with values used in the

literature. For example, Schmitt-Grohé and Uribe’s (20€Hljoration for the Mexican
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economy implies that firms on average change prices evegymonths; Calvo et al.
(2003) calibrate their model such that firms change priclaggevery twelve months
on average. The benchmark calibration in the special casenstant nominal rigidities
implies that firms change pricing policies every fifteen nimenbn average. Neverthe-
less, in the subsection 3.5, | perform sensitivity analysighis regard by assuming
that firms subject to the low probability change pricingpiels every 8.4 months on

average.

3.2 Permanent and Credible Stabilization

A permanent and credible exchange rate-based (ERB) disomflarogram is defined as
a reduction of the exchange rate depreciation feérto ¢!, which occurs int = 0. That
is:

ehfort <0

Et = (32)
elfort >0,

wheree" > £,
Similarly, in a permanent and credible money-based (MBhtlation program the

monetary authority reduces the money growth rate fpérto o in ¢t = 0. That is:

o' fort <0

Ot (33)

o fort >0,
whereo" > o'.
Consistent with Mexico’s 1987 ERB disinflation experientealibrate the ERB
program (32) and the MB program (33) with an initial inflaticte of160 percent per
year " = o" = 1.27) and a low inflation rate of(0 percent per yeae{ = o' = 1.024).

Figure 2 displays the dynamics of permanent and credible &RBMB programs.
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For the ERB program (Figure 2(a)), the model predicts a sueddoom in consumption
of tradables and nontradables, whereas for the MB progragui@ 2(b)), the model
predicts an initial short-lived recession in the nontraealector.

The lower right plots in Figures 2(a) and 2(b) show that whendiconfront a once-
and-for-all disinflation, in a perfect foresight equilibm, they find optimal to adjust
their pricing policies mostly through their time-dependericing rule (13), instead of
updating pricing policies more often. That is, the frequeat pricing-plan revisions
displays a small response to the monetary shock.

At the firm level, in the permanent ERB program, price-ssttge willing to spend
about 2.2 percent of their profits in increasing the freqyesfcpricing-plan revisions
from one revision every five quarters to one revision per.y8ach incentive however,
only lasts for two quarters. A similar situation occurs inerrpanent MB program.
Hence, as shown in Figure 2, in permanent and credible ERBvVEgrograms the
dynamics of the model with state-dependent nominal rigigli¢gsolid line) is very close
its special case of purely time-dependent pricing (dashme].| As shown below, this
result is specific to permanent and credible disinflations.

Permanent and credible stabilization programs are iltist, but they are highly
unrealistic. As pointed out by Calvo and Végh (1999), a comrobaracteristic of
stabilization programs is imperfect credibility. | expddhe effects of lack of credibility

in the next two experiments.

3.3 Temporary Stabilization

Calvo (1986) proposes to address lack of credibility in itediion programs by for-
mally modeling the stabilization episode as temporary.ldwohg Calvo (1986), in a

temporary exchange rate-based disinflation the monetainpaty reduces the depreci-
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ation rate frome” to ¢! for 7 quarters. That is,

(

el fort < 0
er=14 eforte0,7) (34)

ehfort > 1.

\

In a temporary money-based disinflation program the moyetathority reduces

the money growth rate fronf* to o' for 7 quarters. That is,

(

o' fort <0

o o fort € [0,7) (35)

ofort>r.
\

The temporary programs (34) and (35) are calibrated with- " = 1.27, ¢! =
oM = 1.024 andT = 12. These values imply a pre-announcement steady-statdanflat
rate of 160 percent per year and a temporary target for the inflationohié percent
per year. The program is in place for twelve quarters and dheithflation target is
abandoned thereafter.

Figure 3(a) captures the main result of the paper. In ERB tearp disinflations,
the model with state-dependent nominal rigidities (sohd) predicts a sustained boom
in nontradables—i.e., the sector with nominal rigiditie$ollowed by a later recession.
The peak of the boom is reached in the eighth quarter afteintpeementation of the
program. In contrast, in the special case of constant ndmaidities (dashed line) the
recession in nontradables sets forth just after the aneonet of the progrart.

The intuition for this result is clear. The lower right paoéFigure 3(a) shows that

"n time-dependent models, the prediction that the recegsiase starts immediately after the be-
ginning of the program is also found in Calvo, Celasun and Kof§2003) or in Uribe (1999). That is
however, at odds with empirical evidence.
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the average frequency of pricing-plan revisions grows fimme revision per year on
impact, to two revision per year by the end of the program. tThaas the program
goes on, the economy faces a gradually lower degree of nbrigidities. That in turn,
allows for a sustained expansion in nontradables.

At the microeconomic level, Figure 3(a) shows that when tR&Eprogram is per-
ceived as temporary, firms have a strong incentive to adpest pricing policies more
often in order to accommodate the new state of the econommskre willing to spend
between five and six percent of their profits in additionatipg-plan revisions. Such
incentive lasts for almost the entire duration of the pragrdhis quantitative result is
in line with firm-level evidence on the cost of pricing actigs presented in Zbaraki et
al. (2003)*2.

Figure 3(a) also shows that the initial equilibrium path tifey key macroeconomic
variables is in accordance with observed ERB disinflatiaeagfes. Namely, a gradual
fall in inflation, an initial appreciation of the real exclggnrate and a boom-recession
cycle in the tradable sectéf.

Figure 3(b) shows the dynamics of the temporary MB prograothBnodels predict
an initial short-lived recession in the nontradable sefitbowed by a recovery. The
initial adverse effect in nontradables is of about the samlagmtude with constant or
with state-dependent nominal rigidities. On the other hamelequilibrium paths differ.

State-dependent nominal rigidities allow for a faster vecp that brings the nontradable

127baraki et al. (2003) document price adjustment practioea fU.S. industrial manufacturer. They
find that the firm’s cost of pricing activities represents¥p@rcent of the gross profit margin, that is 1.22
percent of their revenues.

13The model fails to predict however, a sustained real exchaatg appreciation. That feature com-
bined with a boom-recession cycle in tradables and nonibtedas known in the literature dke price-
consumption puzze. Uribe (2002) proposes the introduction of habit formatama solution for the
price-consumption puzzle. Moreover, Mendoza and Urib®T) 9ationalize those facts in programs of
uncertain duration. In numerical simulations, the aforetiomed papers assume flexible prices and im-
pose asymmetries in the production of tradables and naatttasl. In particular, they assume investment
in the tradable sector. | do not attempt to pursue such tagk he
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sector to higher levels than its pre-disinflation level. &bbwever that, as shown in
the next section, when the program is of uncertain durattosrecovery phase in the

nontradable sector is weaker.

3.4 Program with Uncertain Duration

Following Mendoza and Uribe (1999), in a ERB (MB) programhwancertain duration,
the monetary authority announces at time- 0 a reduction in the depreciation rate
(money growth rate) from"(= ¢") = 1.27 to e!(= o) = 1.024. Agents assign a
time-dependent probability to the abandonment of the rogn the next period. That
is, the public expects in datethe program to be abandonedtat 1 with probability
hy = Pr(e;y1 = e'ey = &')—similarly for MB programs | definéi; = Pr(g;41 =
o"o; = ¢'). | also assume that the program ends with probability onéénperiod
t = 7, thatish._; = 1. Moreoverc” is an absorbent state in the sense that efids
realized, the monetary authority keeps the high depreciatte with probability one.

Based on empirical evidence on devaluation probabilitresided by Blanco and
Garber (1986), the hazard function assumed is J-shapedha¥gnsin the upper right
panel of Figures 4(a) and 4(b), the hazard function imphes when the disinflation is
announced, the public expect that the program will collapse-= 1 with probability 0.4
(ho = 0.4), the probability of collapse decreases to zero in the Foquarter f, = 0)
and then rises gradually to one in the eleventh quaftgr € 1), that is, the program
lasts at most 12 quarters.

Figure 4 shows the dynamics of key macroeconomic variablethé ERB and MB
programs with uncertain duration. The solid line (—) shomesequilibrium path for the
model with state-dependent nominal rigidities under tlenado that the program lasts

for exactly 12 quarters. The mark (+) shows the alternatareerat: of the correspond-
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ing variable if the program is abandoned &the remaining path under such state is not
shown). Finally, the dashed line ) shows the equilibrium path for the special case of
constant nominal rigidities when the program lasts for 12rtgrs. To isolate the effects
of habit formation, this experiment assumes time separal consumption ¢ = 0),
and all other parameters values as those in Table 1.

Figure 4(a) shows that the qualitative properties of the ehddscussed in the last
subsection for a temporary ERB program also hold when ageteive the program
as of uncertain duration. In particular, in the model witkhlegenous nominal rigidities
(solid line) the peak of the boom in nontradables occurs sertgrs after the program
is announced. In its peak level, consumption of nontradaisleight percent above its
pre-disinflation level. The later recession drops the le¥@&lontradables to ten percent
below its pre-disinflation level by the end of the program.

In contrast, constant nominal rigidities (dashed lineuices a jump on impact in
the nontradable sector of about two percent, followed byepaentraction that sets the
level of nontradables 20 percent below its pre-disinflakewel. The equilibrium path of
inflation, the real exchange rate and consumption of trasgaf@lsemble the one induce
by the temporary ERB program discused in the last subsection

On the other hand, Figure 4(b) displays the equilibrium padiuiced by a MB pro-
gram of uncertain duration. When we account for uncertaimdyh models predict an
initial contraction in nontradables of about 12 perceritpfeed by a recovery. Different
from the previous experiment, in the case of state-depeémaeninal rigidities, the con-
sumption of nontradables remains below its pre-disinflalievel during its equilibrium

path.
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3.5 Sensitivity Analysis

| perform sensitivity analysis in four key parameter valugsst, there is little empirical
evidence on the degree of nominal rigidities in small opemnemies, thus although
the baseline parameter values are in the range of those colyos®ed in the literature,
| also calibrate a lower degree of nominal rigidities by iset{1 — «y) = 0.7 and
(1—ag)=0.3.

Second, the time duration of temporary disinflation prograraries widely. For
example, Mexico’s 1987 ERB program lasted about 28 quamérsreas Brazil's 1986
ERB program lasted about 4 quarters. The benchmark cabbrat for 12 quarters,
thus | also simulate a program that lasts 24 quarters.

Third, for developing countries the range of estimates ler e¢lasticity of money
demand with respect to its opportunity cost(( + ¢)) is large. From -0.5 for Mexico
to -0.1 for Argentina (e.g. Arrau et al. [1995]). The benchiknealibration assumes a
money demand elasticity of -0.2, the alternative value ehas-0.5. Finally, the related
literature often assume logarithmic utility in leisure l3@do so as a robustness check.

Using the alternative parameterization discused aboygrés 5 and 6 show the
equilibrium path of inflation, real exchange rate, consuamptf tradables and con-
sumption of nontradables for temporary ERB and MB disirdlagprograms, respec-
tively.

The simulations with the alternative calibrations confitmattfor temporary ERB
disinflations, the qualitative discrepancies in the dyrenaf nontradables (the sector
with nominal rigidities) across economies with and withentiogenous degree of nom-
inal rigidities hold. Moreover, for temporary MB programstb models predict and

initial short-lived contraction in nontradables of abdut same order of magnitude.

30



4 Concluding Remarks

Nominal rigidities have proven central in the understagdih business cycle fluctu-
ations. However, most of the existing literature charaotsrthe degree of nominal
rigidities as an exogenous feature embedded in pricingipescat the microeconomic
level. That not only isolates the effects of macroecononailicges on the speed of
adjustment of firms’ pricing policies, but in turn isolatée teffects of endogenous fluc-
tuations of the aggregate degree of nominal rigidities onroeconomic variables.
This paper builds on the firm-level pricing theory proposgdCalvo (1983) by
adding elements of state-dependent pricing. Whereby-getters can set optimal pric-
ing policies more often when confronted with macroeconoshiacks. That new feature
shows to be important in explaining business cycle fluotutin consumption associ-
ated to exchange rate-based disinflation programs of treedf/fhose implemented in
several Latin American economies. At the same time, the hstabevs to be capable of
generating dynamics qualitatively consistent with mobaged disinflation episodes.
The model can be extended in several aspects to improvedttitative properties.
An extension of interest is the incorporation of more re@liproduction structures.
Finally, | must point out that the paper relies on transnaissnechanisms widely dis-
cussed in the literature of disinflation programs. Namelppdy-side effects, nominal

rigidities and intertemporal effects of temporary disitiflas.
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A Appendix A: Equilibrium

In ERB programs, given a sequence of real money balancgsyeanment policy is
defined by a sequence of transfers and exchange rate dejoredia, <;}>°,. In MB
programs, given a sequence of exchange rate depreciatgmveament policy is de-
fined by a sequence of transfers and money growth {@tev; }:°,. An allocation is
a sequence of aggregate consumption, consumption of tesjamnsumption of non-
tradables, labor, real money balances, money velocity aodiugtion of nontradables
{Cy, CF, ON | nyy my, ug, N (2), y¥(2), ne(2) V2}22,. A price systemis a sequence of
interest rates, wages and prides W;, P, pY (2) V2}52,.

An equilibriumgivenb_, andb, _, is an allocation, a price system and a government
policy such that: i) given a price system and a governmerntyadhe representative
household choos€s™;, CF', CN, ny, my, ug, ¢ (2), V2352, to maximize the utility index
described by (2) and (7) subject to (3), (4), (5) and (6). Iyegd a government policy,
firms z € [0, 1] choosep¥ (2) to maximize the value of the firm described by equations
(14), (15), (17) and (18) subject to (8) and (19), where tliatien betweernp! (2) and
PY is given by (13), (29a), (29b) and (29c). iii) The nontradabods market clears

¢’ (z) = y2,(2) Vz, the labor market clears, = fo1 n:(z)dz at a wage ratéV;.

Characterization of a perfect foresight equilibrium

Substituting the money demand (11) into the money velo&ityields

1 Z.t 1/§
utsz( ) | (36)

1+
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this together with the transaction costs technology (4hmfirst-order condition (9)
imply

c—1

1+K*( Zt.) ]
1+'lt

(37)

. . N 1—y
Y [(Ct —0Ci1) = P (Crp — 9Cy)~ ] (C—ZT) =X

whereK* = K< ¢/ (¢ — 1).
Substituting the government budget constraint (30) ineottbusehold budget con-
straint (6), using the the first-order condition (10) to éhate(]fv/ e; from the resulting

expression | obtain

(s + by ) (1) =3 <ﬁ)t {ctT {1 + %s(ut)} _ YT} (39

t=0

From the price indexes (29a)-(2%t)

1-6
+ (39)

(wL,t—S)S
-1
Hj:1 Tt—g

()" [(1 = @) (1 = prmst) + (Vies = Vien)] [”Htl(—szl#] .

J=1

()’ [(1 = ap)pr—s—1 — (Vies — Vis1)] [V}its

M+ L1

7Tt_]

I
o

s

. e PN
Consider the real exchange rate definitipr= E,/ PN thus - = % v = .
~ P ;

Rewrite the last expression as

€t = ﬁet_l. (40)

T

_ _ ~1/0
As in Yun (1996), define the alternative price index = [fol (pN (2)) ’ dz]
and the aggregate production M = fol yéﬂ(z)dz. Moreover define the ratio of

price indexesk, = P;/ P, then from the market clearing condition for nontradables

Note thatr; appears on both sides of 39, but from that equation we came’stor ;.
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D yN(2) = [ ne(2):
n = (R) " CY. (41)

The ratio of price indexeR, can be written as

[e'e) i —0
S > 4 ) * w ,8—1
(Rs) = = Z (ap) [(1 —ap)ps—1-i — (Vemi — Vem1-4)] [VL,siZ'Li] (42)
i=0 H]=1 Ms—g
= i X Dy s—i -
> (o) (1= am) (1 = paca—) + (Vasi = Ve 2)] | Vi o
i=0 HJ:1 Ms—g
Finally, from the production technology we obtain the maggicost:
Yy = wy. (43)

For an ERB program, given a sequence for the deprecatiorefagguations (1),
(3), (4), (10), (11), (12), (17), (18), (20), (26), (27), §2831), (36)-(43) and (14), (15),
(24) and (25) forj = H, L is a system oR9 equations ir28 variables and one scalar
(the Lagrange multiplier)C;, CN, CT, ny, is, 8¢, My, Usy T, €4, W08, Rey Miy diy Z,
Vis bty Fyy ¥y Domes Dy Doz Dins Virgs Vi @Ht WL andy. Its solution
characterize an equilibriurs.

For a MB program, given a sequence for the money growth gatequations (1),
(3). (4), (10), (11), (12), (17), (18), (20), (26), (27), §2831), (36)-(43) and (14), (15),
(24) and (25) forj = H, L is a system oR9 equations irk8 variables and one scalar
(the Lagrange multiplier)C,, CN, CT, ny, iy, s, my, ug, T, €1, Wiser, Ry A, dyy 4,
Vis s Fyy ¥ty Do mrgs Digs Dorgy Dipg Virg Vigs @ @1 andx. Its solution

characterize an equilibrium.

5Note that the initial and final conditions are given by the-gisinflation and post-disinflation steady-
states, respectively.
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Figure 2:Permanent and Credible Disinflation Programs
The permanent ERB (MB) disinflation program consists in aicéidn of the depreciation rate (money
growth rate) from 160 to 10 percent per yeat is= 0. The solid line (—) shows the model with state-
dependent nominal rigidities. The dashed lire-) shows the special case with constant nominal rigidi-
ties. The parameter values are those in Table 1.
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Figure 3:Temporary Disinflation Programs
The temporary ERB (MB) disinflation program consists in autbn of the depreciation rate (money
growth rate) from 160 to 10 percent per year for 12 quartetoring its high level thereafter. The solid
line (—) shows the equilibrium path with state-dependemimal rigidities. The dashed line{—) shows
the special case with constant nominal rigidities. The p&tar values are those in Table 1.
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Figure 4:Disinflation Programs with Uncertain Duration

from 160 to 10 percent per year, which agents perceive asadrtain duration. The hazard function in

the upper right panel shows the probability of the exchaagedepreciation (money growth rate) taking

a value of 160 percent i+ 1 conditional on been 10 percenttatThe solid line (—) shows the model
with state-dependent nominal rigidities for a programihesat most 12 quarters. The mark) shows
the alternative value dtof the corresponding variable if the program is abandoned e remaining
path under such state is not shown). The dashed line) (shows the equilibrium path with constant
nominal rigidities. The calibration assumgs= 0. All other parameter values are those in Table 1.
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Figure 5:Sensitivity Analysis for ERB Disinflations

Sensitivity analysis for temporary ERB disinflations. Tleédline (—) shows the equilibrium path with
state-dependent nominal rigidities. The dashed line Y shows the special case with constant nominal
rigidities. The parameter values are those in Table 1, éXoephe corresponding parameter indicated

above.
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Figure 6:Sensitivity Analysis for MB Disinflations
Sensitivity analysis for temporary MB disinflations. Thédiddine (—) shows the equilibrium path with
state-dependent nominal rigidities. The dashed line Y shows the special case with constant nominal
rigidities. The parameter values are those in Table 1, éXoephe corresponding parameter indicated
above.
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