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1 Introduction

One of the most well documented empirical facts is the finding that nominal
exchange rate changes lead to persistent deviations in real exchange rates
and the terms of trade.! Thus, nominal and real exchange rates tend to
move in the same direction in the short to medium run, and the return to
long-run equilibrium is very slow. It is often found that ARMA processes
with strong autoregressive elements capture the processes for real exchange
rates quite well. The consensus being that the half-life of the relative price
effects induced by nominal shocks is 3-4 years. This finding possesses a puzzle
to open macroeconomics since it is hard to reconcile with economic theory
(Rogoff, 1995).

The problem of accounting satisfactorily for persistency effects is shared
with business cycle theory in general (see eg Cogley and Nason, 1995). In
fully specified dynamic general equilibrium models it is difficult to spec-
ify real propagation mechanisms which generate persistency in output of a
quantitative importance matching that observed in the data. For real shocks
this problem can be circumvented by assuming persistency in the underlying
shocks, but this procedure cannot be readily applied to nominal shocks since
persistency in unanticipated nominal shocks is not possible under rational
expectations. Since the real propagation mechanism is weak, the impact ef-
fect generated by nominal rigidities will not have lasting effects. Currently
it is debated to what extent inertia in nominal wage or price adjustment
can generate persistency of quantitative importance (see Taylor, 1998 for a
discussion and references).

Is there any qualitative difference between closed and open economies
in respect to the endogenous propagation mechanisms which generate per-
sistency? One potential important difference arises via wealth reallocation
(current account) between countries following (asymmetric) shocks and which
via consumption smoothing would affect the structure of future demand.
While this mechanism is central to the so-called intertemporal approach to
open macroeconomics (see eg Obstfeld and Rogoff, 1996) there has been sur-
prisingly little effort devoted to explore the implications of this potential
mechanism relative to the general persistency puzzle in the business cycle
literature and the specific open-economy problem of how exchange rates and
(nominal and relative) prices interact.

A significant achievement of the new open macroeconomics? is the explicit

'Recent empirical evidence on the role of nominal shocks for business cycle fluctua-
tions and movements of exchange rates can be found in eg Canova and De Nicol6 (1999),
Eichenbaum and Evans (1995) and Rogers (1998).

2The literature took off with the framework suggested in the ” Redux”-paper by Obstfeld
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formulation of dynamic general equilibrium models. This allows an explicit
analysis of intertemporal aspects including the dynamic adjustment process
to various types of shocks. As concerns nominal shocks, there is a number of
papers studying the role of one-period nominal rigidities in two-country mod-
els with a flexible exchange rate (see eg Lane, 1999). These models show how
nominal shocks can have both short-term and long-term real effects where
the latter is dependent on the wealth reallocation induced by the short-run
nominal rigidities. However, these model do not have much to say on the
dynamic adjustment process since the new steady state is reached already
after one period. There is no transitional dynamics and the model basically
boils down to a two-period model generating an impact effect and a steady-
state effect. Moreover, most models are deterministic precluding an analysis
of how a given process for, say, nominal shocks via endogenous propagation
mechanisms are transmitted into a process for nominal and relative prices.
The basic analytical problem encountered here is to keep track of the wealth
reallocations induced by shocks. The existing stochastic models circumvent
this problem by ruling out wealth reallocations either by assuming a com-
plete set of contingent capital markets (see Chari et al, 1998) or by making
assumptions ensuring that the current account is never affected (see Corsetti
and Pesenti, 1998, and Obstfeld and Rogoff, 1998). The present paper shows
how to solve an explicit stochastic dynamic two-country general equilibrium
model analytically for the general case where shocks affect the current ac-
count and via this route causes wealth reallocations between countries.?

The particular problem addressed in this paper is the transmission of
nominal shocks over time, that is, how are nominal shocks propagated in
open economies. We consider how an impact effects of nominal shocks gen-
erated by one-period nominal contracts can be propagated over time via real
mechanisms. This runs through wealth reallocation induced by current ac-
count changes and which via consumption smoothing effects future demand.
Although the adjustment process is characterized by strong persistency in
the sense that the terms of trade displays a unit root, we find that the
impulse-response to a nominal shock is implausible. This suggests a basic
problem in accounting for persistent effects of nominal shocks in the presence
of short-term nominal rigidities.

The second step is thus to introduce staggering of nominal contracts as
a possible reinforcing (nominal) propagation mechanism. Staggered nominal

and Rogoff (1995) and the textbook, Obstfeld and Rogoff (1996). For a recent survey of
the new open macroeconomics, see Lane (1999).

3Thereby we avoid the black box often involved in simulations of fairly complicated
models to gain better insight into the specific process generated for endogenous variables
like the terms of trade (see also Campbell, 1994).
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contracts can be seen as a convenient way by which to capture the essential
characteristics of a decentralized market economy that all price and wage de-
cisions are not made simultaneously by one coordinating agency, but rather
made by numerous agents possessing different information. It represents a
nominal propagation mechanism which potentially could account for persis-
tent effects of nominal shocks. In the closed-economy literature there is an
ongoing debate on the extent to which staggering can generate persistency of
a quantitative importance matching that observed in the data. We find that
a staggered contract structure produces a much more plausible dynamic ad-
justment pattern to shocks, and we identify the key parameters determining
the autoregressive elements in the adjustment process. In contrast to closed-
economy models we find that inelastic labor supply reinforces persistency.

This paper explores the propagation mechanism arising in a, by now, stan-
dard intertemporal open-economy model for two countries (flexible exchange
rate) without real capital. As in most models we focus on the behavior of
the terms of trade*. This is motivated partly by analytical convenience® and
partly by the fact that empirical evidence indicates that movements in the
prices of nontradables contribute very little to movements in real exchange
rates. Accordingly, we adopt a model with specialized production and under
the assumption of costless trade and identical preferences for domestic and
foreign households it follows that PPP always hold.

This paper is organized as follows. Section 2 sets up a stochastic version
of a by now fairly standard dynamic two-country model. Section 3 shortly
outlines the case with no nominal rigidities. Section 4 explores the interaction
between one-period nominal contracts causing nominal shocks to be nonneu-
tral and consumption smoothing as the persistency generating mechanism.
Section 5 introduces nominal two-period staggering and evaluates how this
generates persistency and interacts with consumption smoothing. In section
6 three-period staggering is introduced to evaluate the role of the contract
length. Section 7 summarizes and concludes the paper.

2 A Stochastic Two-Country Model

We consider a two-country model with a flexible exchange rate. Both coun-
tries, Home and Foreign, produce a separate tradable commodity which is
demanded by consumers in both countries. Money is demanded for the trans-

“In Andersen and Beier (1999) we show in a model including both tradeable and non-
tradeable goods that the real exchange rate qualitatively behaves as the terms of trade.

By assuming asymmetric preferences, nominal shocks would affect real exchange rates.
However, the basic mechanisms would be the same.
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action services it provides which is captured by including real balances in the
(semi-indirect) utility function of households (cf Feenstra, 1986). There is a
real asset (bond) which is traded in a perfect international capital market.
To focus on the interdependencies between the two countries, the model is
symmetric.

We formulate an explicit labor market and analyze the role nominal wage
rigidities may have for the transmission of nominal shocks in open economies.
While nominal rigidities may prevail both in product and labor markets we
find it natural to focus on nominal wage rigidities since empirical evidence
indicates that they are more important than nominal price rigidities (see eg
Spencer, 1998) and traditional open-macro models tend also to be based on
an assumption of rigid nominal wages. We assume staggered nominal wage
contracts partly for illustrative purposes and partly to reflect the fact that
labor market relations frequently involve contracts of nontrivial length. The
contract structure in the labor market is exogenous and the strategy is to an-
alyze the implications of various contract forms for the dynamic adjustment
process.

We shall consider four versions of the supply side distinguished by the
mode of wage determination, namely, a competitive labor market, one-period
nominal wage contracts, two-period nominal wage staggering and three-
period nominal wage staggering. These formulations of the supply side allow
us to analyze how persistency generated from the demand side via consump-
tion smoothing interacts with persistency mechanisms originating on the sup-
ply side.

The model structure is closely related to that of Betts and Devereux
(1999), Chari et al (1998), Corsetti and Pesenti (1998), Kollmann (1997,
1998), Obstfeld and Rogoff (1995, 1996, 1998), Sutherland (1996) and Tille
(1999).

2.1 Consumers

The representative consumer’s preferences are given by
= o e=1 A My, e K 1
U =F 6| —C 7 +— [ =2 N HH
t Z [0—1 “”+1—s(1%+j> TTEa |

c>0, A>0, ¢>0, x>0, >0, 0<6<1.

E; is the expectations operator conditional on period t information, N is
labor supplied and M denotes nominal balances. P is the consumer price

6The qualitative implications of nominal price and wage rigidities are the same in the
"Redux”-model, see Obstfeld and Rogoff (1996), chapter 10.
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index and C' is a real consumption index defined over consumption of the
Home good and the Foreign good:

1\ 7 p=1 1\ 7 el =
c-|(3) @+ (3) (@) 7] om0

where p is the elasticity of substitution between Home and Foreign goods.
The minimum cost at which one unit of the consumption bundle can be
acquired defines the corresponding price index

1
1 1-p 1 1=p|1-p
o]
where P'(P;") is the price of the Home good in Home (Foreign) currency
and P/ (P/7) is the price of the Foreign good in Home (Foreign) currency.
We assume that there are no impediments to trade so that the Law of One
Price holds for both goods, ie

Pl =sp" Pl =5p".

An asterisk refers to Foreign variables. S is the nominal exchange rate defined
as the Home price of Foreign currency. The assumption that the Law of One
Price holds implies straightforwardly that Purchasing Power Parity holds as
well, that is, P, = S, P/".

We assume that there is one internationally traded real bond denoted
in the composite consumption good C. Let r; be the consumption based
real interest rate between dates t and t+1. The consumer’s dynamic budget
constraint is given by

PtBt + Mt + .PtCt = (1 + rt—l) -PtBt—l + Mt—l -+ W/tNt + Ht + .PtTt.

The right-hand side gives available resources as the sum of the gross return
on bondholdings (1+r;_1)P;B;_1, initial money holdings M;_;, labor income
W;N;, nominal profit income II; and transfers from the government P,T;.
Resources are allocated to consumption P,C;, nominal money holdings M;
and bondholdings P, B;.

Given the constant elasticity consumption index Home consumers’ de-
mands for the Home good and the Foreign good are

1 / ph\ " 1 Pf —r
D=2 (=L Di=- |2
t 2 <]Dt ) Ct7 t 9 <]Dt Ct7
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respectively, and similarly for the Foreign consumers’ demands. Aggregating
demands, we find demands for the Home and Foreign goods to be

. -p
1PN\’ 1 (P
D, == -t CW D = = t CW
=3(7) e t 2<Pt* '“
where world consumption C}V = C; + 3C7.
The consumer maximizes expected utility subject to the budget constraint

and the first-order conditions determining the optimal choice of B;, N; and
M; are readily found to be

Crm=6(1+m) B (C3), (1)
1 (M 1 P

7 = ( 5 ) +E, <5ot+1 Pm) , 2)
_1 W,

C, GF: — kNP (3)

It is assumed that the usual transversality condition holds.

Notice that the parameter p determines the elasticity of individual labor
supply with respect to the real wage. The higher u, the less elastic is labor
supply. The income (consumption) elasticity is determined by ou. The
higher ou, the less the income elasticity.

In order to solve the model analytically, it is convenient to work with
the model in log-deviations from steady state. Later it will be shown that
the variables of the model are log-normally distributed under the assumed
stochastic processes for the exogenous variables. The first-order conditions
in log-linear form are’

Eiciyr = ¢ +olog(1+41), (4)

me — Pt = NincCt + 7771ncEtCt+1 + Nmp (pt - Etpt-l—l) ’ (5)
1 1

ng = — (wt — Pt) — —Ct. 6
. ) o (6)

Lowercase letters denote the log-deviations from steady state of the corre-
sponding uppercase variables.® All constants are neglected here and in the
following log-linear version of the model.”

"Consult appendix A for details on log-linerization and definitions of the constants.

8In the rest of the paper 7,. denotes the elasticity of the variable X with respect to
the variable Z. Superscripts are included when the right hand side variable has more than
one entry, eg lagged and leaded variables (cf ,,. and 7% . in equation (5)).

9Notice, that the constant terms include variance terms which are also constant under
the stochastic process considered here (see below).
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2.2 Firms

There is perfect competition in the product markets. The representative
firm is a price and wage taker and produces subject to a decreasing returns
technology linking output Y" and labor input N*°

Y/ = N, 0<~vy<l.

Maximizing profits yields the following labor demand and output supply for
the representative firm

Ph Nnw 1 1
Nt = Oy <_t> > an:(1_7)1777 nnw:(l_,}/) )

W
L Pth My o -1
vho=a(gr) 0 a=0-9T g =r1-)

The elasticity of labor demand with respect to product real wage is —n,,,, and
the elasticity of output supply with respect to product real wage is —1,,,.
Profits are distributed to households.

2.3 Government

We assume the only role for the government is to issue money. Thus the
government’s budget constraint is

My — M,y = Pyry.

Money is transferred to consumers in a lump-sum fashion.
We end the description of the model by noting that Foreign is completely
symmetric.

3 Competitive Labor Market

As a benchmark for the subsequent analysis of nominal rigidities, it is useful
to consider the case where the labor market is Walrasian. This allows us to
identify the underlying dynamic mechanisms which arise independently from

10Real capital is disregarded to simplify. Decreasing returns can be interpreted as arising
from a second factor of production in fixed supply. Yh(Y*f ) is used as notation for Home
(Foreign) output as we leave Y and Y* as notation for real incomes (see appendix A).
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nominal rigidities. Equalizing demands and supplies in the labor markets,
we find that Home and Foreign wages are determined as

Wy = nwpp? + (1 - 77wp> (st +p:f> + NawcCts (7)
where
N el S S
Pl iy, Yo T4 g,

In deriving the wage equation we use the log-linearized versions of the price
indices:
1

1 * * *
pt:§(p?+st+ptf>7 pt:§(p?—3t+ptf>-

Equalizing (relative) demands and supplies for outputs we end up with

_ nywn'wy
p+ 2 (1 - nwp) nyw

where q is the terms of trade

qt (Ct —Cf%

qt :p? — St —p;:kf-

Note that relative consumption affects the terms of trade via a supply-side
effect, the higher relative consumption, the higher relative wages and thus
the terms of trade. Changes in the terms of trade have a direct demand effect
and also a supply effect via wage formation.

There exists a Walrasian equilibrium (see appendix A) to the model in
which money is neutral (see also Obstfeld and Rogoff, 1995).

Note furthermore, that the random-walk property!! of relative consump-
tion following from the Euler equations,

B, (ct+1 — c:;rl) =c —c,
implies strong persistency in the terms of trade since (see Rogoff, 1992)

Eiqiv1 = g

' More precisely, martingale property.
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4 One-Period Nominal Wage Contracts

To break neutrality of money we introduce nominal wage contracts, and the
important question is how nominal shocks affect the terms of trade and the
adjustment process initiated by such shocks.

Wage setting is now characterized by one-period nominal wage contracts.
The wage is set equal to the expected value of the (log) Walrasian wage!?

Wy = Etfl |:77wpp? + (1 - nu)p) (st +p:f> + nwcct] :

For the present analysis of nominal shocks the critical property of the wage
setting rule is that it fulfils basic homogeneity properties. We assume that
employment is determined by labor demand at the quoted wage.

4.1 Nominal Exchange Rate

The nominal exchange rate can be found from the money market equilibrium
conditions in the two countries as

St = Nse (Ct—l - c:fl) + nssEtSH-l T Nsm (mt - m:) )
where,

Nse = (1 + nmp) - (ninc - 77mc) )

(1 + Tlmp)i1 77mp>

7788

Nom = (14 Thp) -

To proceed we have to specify a process for (relative) money supply. We
assume that it follows a random walk, ie

my —my = my_1 — Mmy_; + Uy, (8)

where u; ~ nid(0,02). This specification implies that all (unanticipated)
nominal shocks are fully permanent. We assume full current information, ie
u; is commonly observed in period t.

12Wage formation could also be affected by market power of the supply side in the
form of eg unions. While this have implications for the level of real wages, it would
not have any direct implications for the dynamic properties of the model. This ensures
that the assumption that supply accomodates demand is time-consistent (for a range of
shock-values).
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The dynamic equation for the nominal exchange rate can now easily be
solved by the method of undetermined coefficients. First, we guess a solution
to be of the following form

St = Tse (Ct - CI) + T sm (mt - m:) ) (9)

where 7, and m,,'® are coefficients to be determined and relative money

supplies follow the process given in (8). Taking expectations and inserting
we find the following restrictions

1 —1
Tse = Nme = Mime = — (0-8) ’
Tem = L.

The determination of the nominal exchange rate is thus equivalent to the
"monetary approach” except that the relevant activity variable is relative
consumption rather than output.

4.2 Terms of Trade and Relative Consumption

Equating relative supply and demand implies that the equilibrium terms of
trade is determined as

Nyw

FweBr-1 (et — ¢f) — (8¢ — Ey184)]-

Equation (10) reveals the basic difficulty in finding an analytical solution to
the model, namely, that the terms of trade depends on relative consumption
which in turn depends on wealth and thus the terms of trade. Relative con-
sumption is also crucial to the development of nominal exchange rates. We
show in appendix C how to handle this interdependency so as to determine
the terms of trade and relative consumption. For later reference note that
relative output is determined by the terms of trade, ie relative output evolves
proportionally to the terms of trade.
We make the conjecture that

* *
Ct —C = C—1—C1 + TeuUst. (1].)

This conjecture follows from the Fuler equation implying that consumption
changes can only be driven by unanticipated changes, and that monetary
shocks (u) are the only shocks in the model.

13Note that we, henceforth, use 7, as notation for elasticities in guesses.
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Given this conjecture for relative consumption and (10), it is natural to
guess that the terms of trade can be written as

Gt = Tgc (Ct—l — C:;l> + TquUt- (12)

In appendix C we demonstrate the existence of an equilibrium satisfying (11)
and (12) and where

Tge > 0,
Tou < 0,
and!*
Tew % 0 if p % 1.

It is noted that the solution found above for the nominal exchange rate and
the terms of trade confirms the earlier made conjecture that all endogenous
variables are log-normally distributed.

4.3 Adjustment to Nominal Shocks

The presence of wage contracts causes nominal shocks to have real effects, ie
money is nonneutral (g, 7 0). Notice that the impact effect of a nominal
shock captured by the coefficient 7, is independent of the wage setting (1,,,,,
Nwe) Tule and depends only on the demand elasticity (p) and the responsive-
ness of firms to changes in profitability (,,,) (see appendix C). This follows
simply from the fact that nominal wages are predetermined for one period.

To consider the dynamic implications of the model we use the process for
the money stock to rewrite the nominal exchange rate equation as

Sy = S4_1 + (1 — (05)71 Wcu) Uy

Tn appendix C it is shown that 7., < 0 holds for p € [p,1). The reason why 7., < 0
does not hold generally for p < 1 is the following. With an inelastic demand a fall in pro-
duction leads to an increase in income and vice versa. For a low value of p the following
scenario is possible. A monetary expansion induces an appreciation of the nominal ex-
change rate because the induced fall in production leads to a large increase in income and
thus consumption. The latter is so large that the increase in money demand dominates
the increase in money supply and as a consequence the nominal exchange rate appreciates.
We consider this case to be extremely implausible and hence the text only discusses the
case where p € [p,1) for p < 1.
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The nominal exchange rate follows a random walk process. The effect of
a monetary expansion on the nominal exchange rate is found to be (see
appendix C)
g—z =1—(0e) " e > 0,
ie there is a nominal depreciation following a monetary shock. The higher
the elasticity of consumption with respect to the money shock the less the
variability of the nominal exchange rate relative to the variability of the
money shock.!® It is seen that overshooting of the nominal exchange rate
arises if 7, < 0 (which holds when p < 1). However, due to the random-walk
property this effect is permanent contrary to overshooting of the ” Dornbusch-
type”.
Similarly the terms-of-trade equation can by use of (11) be written as

G = q1+ T qu Wt + (7ch7rcu - 7rqu) Ut—1,

implying that the terms of trade follows an ARIMA(0,1,1) process although
the money shocks are white noise. The terms of trade has a unit root which
is also seen by rewriting it as

oo
qt = TquUt + TgcTcu g Ut—1—j,
Jj=0

from which it is easily recovered that the impact effect of a nominal expansion
on the terms of trade is

while the effect in all future periods (¢t + j,j = 1) is

= TgcTecu
3ut 1

that is, the effects are permanent.

aQt+j > .
= 0 if

Figure 1 about here

15Betts and Devereux (1999) show that ”Pricing to Market” lowers the expenditure
switching effects of an exchange rate depreciation, but this in turn magnifies the exchange
rate responsiveness to a monetary shock.
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Figure 1 illustrates the impulse-response function for the terms of trade
to a (positive) nominal shock (for p # 1). The impact effect is as ex-
pected, and there is strong persistency (except for p = 1 implying there
is no wealth reallocation). However, the dynamic path does not correspond
to the impulse-responses found in the data implying a slow return to the
long-run equilibrium with half-lives of the impact effect of up to 3 to 4 years.
The terms-of-trade effect reverses already after one period in the case where
p > 1. The reason for this reversal is that the initial expansionary effect
on income induces an increase in consumption which is smoothed over time.
Due to the income effect on labor supply, it follows that higher consumption
leads to a permanent reduction in labor supply. This induces an increase in
the terms of trade in all subsequent periods. A reversal of the effect does not
arise for p < 1 since the monetary expansion leads to an expansion of relative
output, the low elasticity of demand implies that the country loses income,
and there is a wealth reallocation to the disfavor of Home. This induces a
fall in consumption (7., < 0) which via the income effect boosts labor supply
and thus produces the persistent decrease in the terms of trade. However,
after one period (= the length of the contract) the adjustment process is
ended. Figure 1b illustrates this case.

Note that the case p > 1 corresponds to the case usually analyzed in
the literature since most models have monopolistically competitive product
markets and therefore need to impose the restriction that the elasticity of
demand is numerically larger than one to have a well-defined maximization
problem for firms (see Chari et al, 1998; Obstfeld and Rogoff, 1995; and
Sutherland, 1996). Moreover, it is the ”standard” case in the sense that the
Marshall-Lerner condition is fulfilled (Marston, 1985).

Obstfeld and Rogoff (1995) found that "money supply shocks can have
real effects that last well beyond the time frame of any nominal rigidities
because of induced short-run wealth accumulation via the current account”.
The present analysis confirms this, but also bring out that the implied pattern
for the terms of trade is not matching the type of dynamics observed in
the data. Moreover, it is easily seen that this generalizes as it depends on
the random-walk property of relative consumption which does not rely on
the specific process for the shock nor the specific way one-period nominal
rigidities are modelled.

Chari et al (1998) dismiss the channel running from money shocks over
permanent wealth redistributions to persistent terms-of-trade movements as
being unimportant.! In particular, it is argued that the effects of wealth

16Tn the presence of a full set of contingent markets, the household would be able to fully
diversify the consumption risk, implying that shocks do not affect relative consumption.
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reallocations are mitigated by changes in the terms of trade and domestic
consumption so as to leave Foreign consumption unaffected. Our analysis
shows this only holds for p = 1. In general, as revealed by equation (11),
consumption differences follow a random walk and innovations are driven by
unanticipated changes in (relative) incomes, The critical parameter here is
the elasticity of demand p (cf appendix C). Moreover, if wealth redistributions
are quantitatively unimportant, it implies that the so-called intertemporal
approach to the current account has relatively little predictive power.

5 Two-Period Nominal Wage Staggering

Staggered or asynchronized nominal wage determination is a potential impor-
tant propagation mechanism since it implies a sluggish adjustment of nominal
variables (Taylor, 1998). Specifically in this section, we assume that half the
contracts are signed in even periods and the other half in odd periods. The
nominal wage is set for two periods according to the following rule for the
wage set at the end of period t-1 and applying for periods t and t+1:

§Et71 (we + wiy1)

where wy is the (log) Walrasian wage rate. The aggregate wage faced by firms
in period t, w; is then given by

1
wy = 1 (Bi—owy—1 + Ey_swy + Ey_qwy + By _qwiyq)

Labor supply is assumed to accommodate labor demand at the given wage.
5.1 Terms of Trade and Relative Consumption

We prove in appendix D that there exists an equilibrium in which the terms
of trade and relative consumption are determined as
G = Tge (o1 — 1) + Tgql—1 + Tqutty + T U1, (13)

>k >k
Cip1 — Cip1 = Gt — € + Ty, (14)

with parameters defined in appendix D. It is noted that the nominal exchange
rate equation (9) still applies and that the relevant endogenous variables are
log-normally distributed.
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Equation (13) can be rewritten by the use of the expression for relative
consumption (14) as

4 = (1 + 7qu) qt—1 — TgqQt—2
1 1
+7Tquut + (un — Tqu + 7ch7Tcu) Ug—1 — unutf%

showing that the terms of trade follows an ARIMA(1,1,2) process when the
two propagation mechanisms are merged. Note that consumption smoothing
alone generates an ARIMA(0,1,1) while staggered contracts produce a similar
process but with a stronger autoregressive part. This indicates that the more
plausible dynamic path generated by staggering can be merged with the
strong persistency effect generated by consumption smoothing to generate a
dynamic path matching that observed in the data.

In appendix D it is shown that m,, € (0,1) and

OTgq

ou

OTgq

Oy

0T gq

dp

<0, > 0, > 0,

that is, the autoregressive element is strengthened the less elastic demand
(p) is, the larger the productivity parameter () and the less elastic labor
supply is (the higher p). From closed-economy models it is well known that
the elasticity of labor supply is critical to the quantitative importance of
persistency, and it is found that quantitatively important persistency requires
implausible large values of labor-supply elasticities, see eg Ascari (1998) and
Chari et al (1996). In the present open-economy context it is interesting to
note that the elasticity of labor supply plays a qualitatively different role
than in closed economy models. Hence, a more inelastic labor supply (higher
values p) implies more persistency following a nominal shock. This is also
reflected in the numerical illustrations below. The intuition for this result is
found by returning to equation (7) giving the underlying incentives in wage
formation. We have that

My

>0
ou ’

that is, the higher p (the less elastic labor supply), the more wages are
depending on the prices of domestically produced products and the less on the
price of Foreign produced goods measured in domestic currency. Basically,
this just reflects that consumers consider the consumption real wage whereas
firms consider the product real wage. Hence, the supply-side effect of a
currency depreciation inducing wage increases is smaller the less elastic labor
supply is. This implies that the demand effects of a nominal depreciation to
a lesser extent is counteracted by the supply effects.
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5.2 Adjustment to Nominal Shocks

The dynamic implications may be seen more clearly by the following stochas-
tic trend representation of the terms-of-trade equation

qr = ﬁ (unut + Wéuut,l + TgcTeu Z ut1j> ,

j=0
where L is the lag-operator. The two first terms on the right-hand side cap-
tures the dynamics induced by staggered two-period contracts while the last
term captures the stochastic trend driven by consumption smoothing. The
obvious implication being that not only does the dynamics run forever due
to staggered contracts, but the effects running via consumption smoothing
have both a direct effect (the 7, 7.,-terms) as well as an indirect arising form
the interaction with the dynamics introduced by staggering (m,, depends on
Tew)- This way of expressing the terms of trade also brings out that the 7,
parameter is crucial for the speed at which the system converges to steady
state.

It can be shown (see appendix D) that 7, < 0 and that the terms of
trade follows a plausible path in response to a monetary expansion.'” That
is, there is an initial decrease in the terms of trade which then gradually is
worked out of the system. The long-run effect ((myemen)/(1— m4q))'® remains
a decrease if 7., < 0 and vice versa for 7., > 0. The model is thus capable
of generating a path for the terms of trade similar to that observed in the
data, whether it generates persistency of sufficient quantitative importance
is another question (see below).

In the case of p > 1 (implying 7., > 0) there exists a period in time t-+j
such that

—8Qt+j <0 and —6Qt+j+1

>0, 57>0,
3ut Ut J

that is, up to and including period t-+j the terms of trade is below its initial
value, but afterwards the long-run effect dominates, and is above its initial
value.

Note that in the absence of wealth reallocations (p = 1 implying 7, = 0)
the dynamics does not disappear contrary to the case with one-period con-
tracts. In this case the dynamics is driven solely by the staggered contracts.

17This is always the case when p > 1. If p < 1 the dynamic adjustment is gradual
at least from the period after the shock. More specifically, we cannot rule out that the
terms of trade, in the period after the initial fall, moves in the opposite direction of the
long-run level and then from there adjusts gradually towards the long-run level. Numerical
exercises indicated that this perverse adjustment is highly unlikely.

181t is easily shown that 7, > 0 (see appendix D).
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For illustrative purposes we report some numerical examples. Since the
model is highly abstract focussing only on a few mechanisms and relying on
particular functional forms, we do not find that such numerical illustrations
can be used to make inferences on the empirical power of the mechanisms
considered here. At best such examples can be suggestive.

Figure 2 shows the impulse-response functions for the terms of trade
following a 1 percent increase in the (relative) domestic money supply in
period 1. The figure also shows how the impulse-response functions change
to variations in the six parameters p, v, u, o, € and 6. The figures build on
a baseline case where the parameter values are given in table 1

Table 1. Baseline values.™
pl v | k]| o || ¢
2106710107519 1/1.05

Figure 2 about here

The numerical illustrations indicate that the short-run relative price changes
can be substantially larger than those observed in the long run and that they
can take place despite relatively small current-account effects. This is re-
lated to the so-called Feldstein-Horioka paradox that relatively small current-
account imbalances are observed despite perfect capital mobility. The present
analysis suggests that substantial current-account imbalances do not neces-
sarily arise despite asymmetric shocks and perfect capital mobility.

The numerical illustrations provided here may seem to indicate that the
long-run effects are likely to be quantitatively small. This suggests that the
propagation mechanism running via the current account is not important.
Since current accounts are not affected by shocks under a complete set of
capital markets this suggests moreover that incomplete capital markets do
not have important implications for the dynamic adjustment path. Further-
more, it may also be concluded that the workhorse stochastic version which
precludes current-account effects by assumption may provide a reasonable
approximation to the results arising in the general case. However, these in-
ferences are not supported by simply observing that the long-run effects seem
to be quantitatively small. The sensitivity analysis clearly shows that the
dynamic adjustment pattern captured by the persistency parameter changes
substantially by variations in the parameters even though the long-run effects

19The elasticity parameter p is chosen to ensure that the Marshall-Lerner condition is
fulfilled, +y is chosen to match the wage share of about 2/3 while p is chosen so as to imply
a labor-supply elasticity of 0.1. The three last coeflicients correspond to those adopted in
eg Hairault and Portier(1993) and Sutherland (1996).
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tend to be small. The intuition for this is that the long-run effects on the
terms of trade depends both on the sensitivity of labor supply to wealth and
the current-account imbalances created by shocks.

Does the model generate effects of nominal shocks beyond the time period
of the exogenously imposed contract length of two periods? It does if the
demand elasticity is low, the elasticity of output with respect to labor is high
or if labor supply is inelastic. Since all three properties may seem likely to
hold (in the short run) this yields support to the view that staggering not
only has an important qualitative role in producing a plausible path for the
terms of trade (contrary to the one-period contracts) but also that it has
quantitative importance. However, except in the limiting case where the
labor elasticity of output is close to one the persistency generated is not as
strong as observed in the data. This suggests that staggered two-period
nominal wage contracts cannot fully solve the persistency puzzle.

Assessing the quantitative strength of the propagation mechanism, we
find that staggered nominal wage contracts have an important effect both
when compared to the effects arising in the case of one-period contracts and
compared to the almost absent endogenous propagation in standard models,
see eg Cogley and Nason (1995) and Hairault and Portier (1993). On the
other hand, it is also clear that staggered two-period contracts cannot match
a half-life of the effects of shocks at the level of 3-4 years even if the period
length is interpreted as one year.

The numerical analysis thus brings out that staggered contracts have a
nontrivial quantitative effect on the propagation mechanism, but also that
the persistency puzzle cannot be resolved by this single mechanism. An open
question is how long contracts have to be to yield a persistency mechanism
as strong as that observed in the data.

6 Three-Period Nominal Wage Staggering

It is a natural next step to analyze how the dynamic properties change when
the number of overlapping contracts is extended. We consider in this section
overlapping three-period contracts. Longer duration of staggered contracts
has two effects. First, longer nominal contracts prolong the impact real ef-
fects of nominal shocks. Secondly, the dynamic adjustment process changes
due to the interaction between an increasing number of contracts set at dif-
ferent points in time. By interpreting the period length under three-period
contracts as 2/3 of the period length under two-period contracts it is possible
to analyze how less synchronization of wage formation affects the dynamic
adjustment path for given contract lengths.
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In line with the previous analysis we assume that nominal wages in a
three-period contract are set as

—E 1 (W + w1 + W),

3
implying that the aggregate wage holding in period t is given by
1
wy = §(Et73wt72 + By 3wy 1+ By swy + By wy

+Ei_owy + Ei_owi1 + B jwy + By w1 + B jwigs).

It is seen that less synchronization of wage formation extends both the back-
ward and the forward looking elements in wage formation.

It can be shown (see appendix) that the terms of trade under this contract
structure evolves according to

QG = (1 + W;q) qi—1 + (qu — W;q) Qi—2 — quQt—B + Tqut

1 2 1 2
+ (un — Mqu + 7ch7rcu) U1 + (7rqu — un) Up—g — Ty Ut—3-

It is immediately seen that the unit root property is maintained and that
longer contract length extends the period over which shocks have an impact
effect. The crucial question is how the persistency properties are changed.
The terms of trade now follow an ARIMA(2,1,3) process, which suggests a
qualitative difference compared to the case of two-period staggering.

To provide a numerical illustration, figure 3 plots the impulse-response
functions for the terms of trade in the case of two- and three-period staggered
contracts, respectively, for the baseline case considered in section 4 as well
as showing how the impulse-response depends on the six parameters p, 7,
1, o, € and 6. It is seen that the persistency property is only affected very
moderately in the case of three-period staggering.

Figure 3 about here

Summarizing our findings we find that the introduction of staggering
(compare one-period contracts with staggered two-period contracts) has strong
qualitative implications, while a strengthening of asynchronization (compare
staggered two-period contracts with staggered three-period contracts) only
has a moderate effect. We interpret this as indicating that the introduction
of backward and forward looking elements via staggering is the important
mechanism while further asynchronization has little effects. The latter might
explain the apparent similarity of terms-of-trade (real exchange-rate) adjust-
ment following shocks between countries with centralized wage determina-
tion and between countries between with decentralized wage determination.
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Countries where few unions bargain in an asynchronized fashion might fit
into our case with two-period overlapping contracts (eg Denmark vis-a-vis
Sweden) whereas American-style flexible labor markets where wages change
all the time might fit our case with n-period overlapping contracts where n is
"large” (eg USA vis-a-vis UK). As just illustrated the dynamic adjustment
did not differ.

7 Concluding Remarks

The present paper has shown how to explicitly find the stochastic equilib-
rium in the general case where current-account changes are allowed for. It
was shown that current-account changes play a crucial role for the dynamic
adjustment path. The study of the propagation of nominal shocks in open
economies has brought forward two important insights on the possibility of
accounting for persistent real effects of nominal shocks. First, if impact
effects are generated by short-run nominal rigidities and propagation runs
via real mechanisms, it is not possible to account for sluggish adjustment.
The reason is that the impact effect under the standard assumption under-
lying the Marshall-Lerner condition via wealth effects will induce a reversal
of the relative price effects after a period of length equal to the contract
period. Second, plausible adjustment patterns are generated by staggered
nominal contracts, showing that nominal inertia is needed to produce rea-
sonable impulse-responses. One potential mechanism is asynchronized or
staggered wage contracts capturing that price and wage decisions are not
coordinated and made simultaneously in a decentralized market economy.

It is an open question whether the persistency generating mechanism
induced by staggered contracts in itself is strong enough to match the persis-
tency observed in the data. This may require the introduction of other (real)
propagation mechanisms. One potential important channel would be real
capital accumulation since the results of this paper show that the closer out-
put and inputs move together, the stronger is persistency. Moreover, closed-
economy models have shown that real capital accumulation and staggering
reinforce each other as propagation mechanisms (see eg Andersen, 1999). An
important topic for future research is thus to analyze how staggering and
capital accumulation interacts in open economies.

It is interesting to note that the analytical approach demonstrates that
the insights obtained by traditional short-run models based on the elastic-
ity approach to some extent can be merged with the modern intertemporal
analysis. In particular, it turns out that the elasticity condition determining
whether the standard Marshall-Lerner condition is fulfilled plays a crucial
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role for the adjustment mechanism. Accordingly, the short-run predictions
of standard models may be in accordance with those derived from fully spec-
ified intertemporal models. However, the dynamics implied by wealth re-
allocation may differ significantly from what can be inferred from standard
models (compare to eg Marston, 1985).

A Steady State and Log-linearization

Our analysis builds on a version of the model set up in section 2 in log-
deviations from steady state. As is apparent from the first-order conditions
not all expressions are linear in logs and subsequently we have to approximate
around the steady state. The steady-state version of the model is similar to
that analyzed in eg Obstfeld and Rogoff (1995) and Tille (1999). We focus
on a symmetric steady state where B = B* = 0 and

—HNyw

C=C"=Y" =Y =Y = V" =y (an (xag) ) " (15)

r=6"—-1, (16)
Ph Pf P*h P*f

PP PP (a7)
w o W* o\ L\ e Tonye Tl

= = (an (may)”> Tyt (18)

and where money is neutral and the price level is determined from (2).2° Real
incomes are
pryh Py*!
Y - , Y* et
P P

Steady-state values are indicated by omission of time subscripts.

Next step is to log-linearize the first-order conditions arising from con-
sumer optimization (1)-(3). The log-linearized Euler equation (4) is obtained
by using the convenient formula for log-normally distributed variables

2

log E (X") = bE (log (X)) + %Var (log (X)),

20The reader can convince himself that (15)-(18) is indeed a steady state by plugging into
the first-order conditions, labor demands and supplies and output demands and supplies.
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where b is a scalar and X is log-normally distributed. The labor-supply
equation is easily linearized whereas the money demand warrants a comment.
Taking logs on both sides of (2) yields the log of a sum and it is easy to show
that around a steady state (disregarding constants)

X
log(X; + Z;) = log (X, log(Z;).
og(X: + Z) X—i—ZOg( t)+X+ZOg( t)
Using this we get that
Mt —E& _% Mt —E&
log | A (E) + E, (5Ct+1> (1—6)log |\ (E)

+6log [Et <6C’;§)} :

Equation (5) follows immediately with
1 1 o o
e =518 M T oa—6e M T (A_se
While the model is specified so as to yield a log-linear structure, we have
that the budget constraint is linear in levels, ie

Bi=(147r_1)B1+Y:—C (19)

Subtracting the steady-state version of the budget constraint from (19) and
dividing by Y(=C) we get

Bi—B Biw-B Y,-Y C-C
I R s G R s
B, —B
(1 rm) = (L)) =

The last term on the right-hand side is negligible as we look at small devia-
tions around steady state. We end up with

bt = 6_1bt_1 + Y — Cy, (20)
as14+r=06""and

Yy = log

B B
b = log (775)%775,
(C’

¢ = log
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B Monopoly Union

This appendix demonstrates that the dynamic implications are unchanged
if the labor market is characterized by imperfect competition.?!’ We demon-
strate this for a monopoly union under a right-to-manage structure, that is,
the union sets the wage given the labor-demand function

Ph Nnw
Ny = o, L .
t C“(W)

The union is assumed to be utilitarian and thus sets the wage so as to max-
imize individual utility. From the household objective function this is found
to imply the following first-order condition

-1 (N, W, oW, ON,
C,° | =+ —= — KN} =0,
or
C, - ON; 1
1— = kN}
Pt ( nnw) KV 8VVt Nt,
which can be written
Wi -1 n
—C, ° = KN/ ——.
]Dt ! e Nnw — 1
This is seen to be equivalent to the individual labor-supply curve up to
the multiplicative factor —l«—= = 1> 1 which reflects the market power

of the union. This is a level effect which induces higher real wages and
lower employment, but which does not have any implications for the dynamic
properties of the model.

C Equilibrium with One-Period Nominal Wage Con-
tracts

We conjecture a solution for the terms of trade and relative consumption as
G = Tge (-1 — ¢f_y) + Tqutty, (21)
e — ¢ = (b1 — bj_y) + Tee (Co1 — €f_1) + Teutis. (22)
Note that the Euler equation implies
E, (Ct+1 — cj;rl) =c¢ —c,
which by use of (22) implies that
Cit1 — Ciyp = Ct — Cp + ey ly-

21This is based on Andersen and Toulemonde (1999).
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C.1 Terms of Trade

Form the equilibrium condition for the goods market we have

nyw * nyw
@G = Nuwe (Ct—1 — Ci_1) + 2Ny — 1) Br_q1qy
p+77yw ( tl) p+nyw( P )
77yw
(Et—18t - St) )
P+ Ny

where the Euler equation has been invoked. By use of the nominal exchange
rate equation we find

qt - nqc (thl - C:—l) + nqutfl% + nquut7

Toe = — 22

qc ,0+7]yw wer

77yw

Ngqg = 2Ny — 1),

qq p + nyw ( i4 )

Nyw

Now = (T sm + TseTew)

e P+ Ny

Using (21) to determine E; 1q; we find

g = (nquqc + nqc) (ct,l — cf;l) + N gu - (23)
Equalizing coefficients in (21) and (23) yields

Tge = NgqTge T Nges

7Tqu = nqu .

C.2 Relative Consumption
From equation (20) we have

by—b; =6 " (b1 = bj_y) + (v —y;) — (e — ),
since

=y =0 —=p)g=1—=p) (mge (co1— ¢ 1) + Tqutte) ,
we have that

by— by = & (b1 — b))

+ (1= p) (Tge (o1 — ¢5_q) + Tgutrr) — (ce — ).
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The next step is to find an expression for relative consumption consistent
with the Euler equation. Leading our guess we find

E, (ct+1 — CIH) = Tep (b — b)) + Tee (¢t — )
= 7ch(5_1 (bt,1 - b;tk71> + e (1 - p) Tgc (Ct,1 — C:Ll>
7 (1 = p) gt + (Tee — 7)) (€0 — ) -

Using the FEuler equation yields

a—c = (I+7mg— 7ch)_1 (6 7 (bt,l — bffl)

e (1= p) Tae (o1 — ¢i_y) + T (1 = p) Tty
Consistency requires
Teb = (]- + Tep — ch)_l 6_17ch7
Tee = (1 + Tep — ch)_l T eh (1 - ,0) Tqcs

Tew = (1+ 7y — ch)fl Tep (1 — p) Tqu-

C.3 Analytical Characterization of the Solution

Proposition 1 7, > 0.

Proof. From the restriction for m, it follows that mg = (1 — nqq)fl Mye

which is unambiguously positive as 7, € (0,1) and n,, > 0. =

Tew >0 if p>1
Proposition 2 Tew =0 if p=1 .
7Tcu<01f£§p<]-7 Be(oal)

Proof. It follows directly from the restrictions for 7. and 7., that

Tec o Tgc
- )
Teu Tqu

and by substitution we find
(1—6)(1—p)7ge

T T T8I p) e
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implying that

(1 =61 = p)Tgu

A T F s P

which can be rewritten using

Myw -1
Mgy = ——— |1 — (0€) Tl
T g, 1= (09) ma
as
Klﬂ—cu :KQ;
where,
Nyw 1
yw
Ky=(1-6)(p—1) —2.
P+ Ny

There are three cases:
p>1=K >0,K;>0=m >0,
p:1=>K1>0,K2:0:>7Tcu:O,
p<p<l=K >0,K, <0= my <0,

where p is defined such that K; > 0 if p >p. Note that K1 —lasp—1. =

Proposition 3 7, <0.

Proof. m,, is given as —pi% [1 — (05)71 Wcu] and the result follows
yw

trivially for p < 1. For p > 1 note that m.. < 0 = 74, = 7“’7:# < 0 as
Tew > 0 and mge = Nge > 0. ™

Proposition 4 % > 0.
Ut

Proof. 7y, <0< 0<1—(0e)  Tey = 3—2@- u
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D Equilibrium with Two-Period Nominal Wage Stag-

gering
We conjecture a solution for the terms of trade and relative consumption as
_ ¥ 1
qt = Tgc (thl - Ct71) + TgqQt—1 + Tt + T Ut—1,
and

G —Cc = Ta (bt—l — b;,l) + Tee (Ct_1 - 0;1)

1
+7ch6th1 + T eu Ut + e Ut—1-
By the same reasoning as in appendix C

Ct+1 — C41 = C — G + TeuUt. (24.)

D.1 Terms of Trade

Using the expressions for aggregate wages, product market equilibrium de-
termines the terms of trade as

nyw

— —2 - _ * a - *
Qi 4P+477yw Nwe [(Ct 1 thl) + (Ct 2 thz)]
Nyw
+—— (20 — 1) (B2t 1+ Ep oq + By 1qi + By
4P+477yw ( Nwp )( t—2qt—1 t—2qt t—14¢ t 1Qt+1)
Nyw
+— (Ey 28t 1+ By 98t + By 18+ By 18001 — 4s4)
4p + 4n,,,

where we have invoked the Euler equation. Using the expression for the
nominal exchange rate and (24) we arrive at

qe = nqc (Ct—l - C:—l)
Hgq (Be2Gi 1+ By 2qs + By 1qe + By 1Gi41)
+77quut + n;uutfla

where
_ Ay
7/]qc 4p+ 477yw Nwe>
nyw
Ngq = ( Thwp — 1) J
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A1y,
nqu _4p T+ 47]yw (Wsm + 7Tsc7rcu>7
2n
1 yw
- - sm scTeu T wellew) -
Ngu 4p+477yw(7r + TeT NuweTen)

Using our guess to find F; oq; 1, By 2q:, Bt 1q:, and E; 1q;+1 we end up with

q = (nqc + 3NgqTge + nqqﬁqqﬁqc) (ct,l — c;‘_l)
+ (nqq + anqﬁqq + nqqﬂ'gq) qt-1 7+ NguUt

1 1 1
+ [nqu - qu (ﬂ—qu + TgcTeu + TqqTqu — 7Tqu — quﬂqu)] Up_1-
Hence,
Tge = Tge + 37]qq7rq0 + Mqq™qqTqes
Maq = + 2N, Tgq + 1,72
ag = Tlgq Ngq™aa T MqqTqq>
7Tqu = 77qu7

1 .1 1 1
Tau = Ngu — Ngq (un + MgeTeu + MggMgu — Tqu — quwqu) .

D.2 Relative Consumption
Given that
v—vy = (1-pa
= (1-p) [ch (Ct_1 — cz_l) + TgqQt—1 + Tgutls + Wéuut_l] ,
we have
by—b; = &' (boy — b 1) — (cr — )
+ (1 — p) [ch (ct,l — c:,l) + TgqQt—1 + TqulUt + Wéuut,l} .
It follows that
E; (Ct+1 - C::k+1) = Teb [571 (btfl - bf_1) — (et — Cf)]
+tep (1= p) [ge (o1 — ¢1y)

1
+7quQt—1 + TquUt + unut_l]

+7ee (€t — €)

* 1
Teq [Tqe (Ct—1 Ci_1 Tqqqt—1 T qu Ut T Ut—1
q 1" q a9 q q

1
+7Tcuut.
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Using the Fuler equation yields

(14 Tep — Tee) (e — ) = 6 'mg (be—1 — b} _4)
+ 7 (1 = p) Tge + 7ch7Tq0] (thl - C:—l)
+ [T (1 = p) Tgq + 7ch7TqQ] qi—1
+ [ch (1 = p) Tqu + TeqTqu + T, ] Uy
+ [ch (1—p) Wéu + chﬁéu} Up_ 1.

Hence,

Teb = 1 + Teb — 7ch

\_/\_/

14+ 7y — e - [T (1= p) Tge + 7ch7ch] )

=1 +mep— e ' [Tes (1= p) Tqq +7ch7qu],

(
=
( )

= )

1 + Teh — Tec [7ch (1 - P) Tqu + TeqT qu + Tr(l:u} )

=147y — wcc)_l [ch (1—p) Wéu + chwéu} )

D.3 Analytical Characterization of the Solution

Proposition 5 7, € (0,1).

Proof. 7y, is determined by the following quadratic T]qqﬂ' + (27]qq 1) Tgqt+

My (2p—1)

N4 = 0. It is easily seen that n,, = €(0,7) = mgq =

4p+41y 2qq
(0,1). m
Proposition %91 - 0 gnd L >
|Y » Ty M .

My—1
Proof. Writing out the expression for n, we get n,, = % =
yw

o/l ' U urn Lurn
G v G It is seen that op > 0, ot > 0 and o < 0 and the

result follows straightforwardly as —% > 0. =

Proposition 7 7, > 0.
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Proof. From the restriction governing g, we find

Tge = (1 — 3Ny — nquqq)_l Nge- The result follows as both the denomi-

nator and the numerator are always positive as 74, € (0,1), n,, € (0, 1) and

Myw Myw 1__ 1
= =—2-——>0 =
Mae = Bhn,g Twe = 5Fn,0 o Trpng.,

‘s <\ >
Proposition 8 w.. =0 if p =1

. . (1_6)(1_p)1_§1ﬂ— e .
Proof. By substitution we find 7, = —rad and it follows
176(17p)—176m1q7rqc

directly that p > 1 = 7. < 0 and p = 0 = 7w, = 0.We can find % to be
p

(1 p) 2o wqc} (1-6) (1 — 6mgq) +6 (1= 8) (1 — p) mpe e < 0 for p < 1.

Since 1. = 0 if p =1 it follows that 7. > 0if p € (0,1). m

For later reference it will be useful to define the following constants

T b (1 - P) + 7ch Tee
K = = 8oy (1= p) + o] = =2,
e [ep (1= p) + Teg] o
KQ _ %_nqq(l—i_ﬂ'q‘J) >0
- 77qq (1 + 7qu) 7
21y
K, = Tordn,, Twe T lagae
3=
L =1y (1+ qu)
Lemma 9 7{(—3 = %
qc
P £ Ks _ 1 4pi1-74y7;;w'77wc+77qq7rqc - [1 _ (1 I )] -1 2y N 4
root. Tge  Tge  1=n4q(14+7gq) B Mg Taq 4p+411y Toe Mlaq

-1 477 w Nwe 1_377 —Ngq™
- [1 - 7/]qq (1 + qu)] %4p+i¢7yw ( zﬁquq qq) + nqq]

nwc4p+4"7yw
[1 — Nyq (1+ qu)] _1 [
[1 — Nyq (1+ qu)] - {

(1 o 377qq o 77ququ> + 77qq]
[1 —nqq(l-l-?qu)]} :% u

o= NI

Lemma 10 1+ 6K K3 > 0.
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Proof. From ., = K 7y itisseenthat p <1 = K; > 0= 14+6K, K3 >

0 since .. > 0 and 7, > 0. For p = 1 we have that K; = Z—qc =0=
1+6K1K3 > 0. For p > 1 (= K; < 0) we simply insert the expressions for K,

(1—5)(1—9)1—_7;%

1—6(1—p) 1f;;qq

and Ks: 1+0K1 K5 >0= (Sj{—:ng >—1= 0ee > —2= —

2
3:>

(14+6)(1—p) 1—7r§;qq < 2 and this is always fulfilled when p > 1. =

Tew >0 if p>1
Proposition 11 Tew =0 if p=1 .
T <0ifp<p<l1l, pe(0,1)

Proof. Substituting the restriction governing 7!, into 7., we obtain
Tew = K4 (7Tqu + (57réu) )

21y w
4p+4m,,,

Using that n}, = 37qu — NweTeu We find

Wéu = Komgy — K3Tey.
This implies that we can write ., as
(1 + (SKlKg) Teuw = K1 (1 + 5K2) T qus

or substituting in for 7,

K47Tcu = K57
where,
nyw 1
Ky =1+6KK3— Ky (1+0K>) —,
nyw
Ks=— Ky (14 6K5).
P+ Nyw

Again we have three cases:
p>1=K <0,1+0K1K3>0=K;4>0,K5>0= mg >0,
p=1=K =0=K;>0,K5=0= 7 =0,
p<p<l=K >0=K;,>0,K; <0= 7 <0,

Whe_reﬁis defined such that K4 >Oifp2£. Note that Ky —lasp—1. m
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Proposition 12 7, < 0.

Proof. Same as for proposition 3. =

oo
Lemma 13 The terms of trade can be written as ¢ =), mu,_;, where,
i=0
70 = Mgy, ™ =T A T T+ TeuTge and 7 = w9 +pemey forj =1,2
= Tqu, = Tgu T TggTqu T TeuTlqc = Tqq qcTeu J=1L14 ..

Proof. From ¢ = (14 74,) qt_l—ﬂqqqt_g—kﬂquut—i—(wéu — Tqu + TgeTeu) U1 —

W;uut,g the result follows straightfowardly by recursive substitution. m

Proposition 14 The terms of trade adjusts gradually to its long-run value
ifp>1.

Proof. p > 1: We know that 7., > 0, 74, < 0 and W;u = KoTgu—K3Tey <
0. Furthermore, the long-run value % is strictly positive. The basic
strategy of the proof is to show 7/ < w1 j = 0,1,2,....First, let us show
that 7° < 7'. The expression for 7' is 7}, + TgqTgu + TeuTqe Which can be
written as (Ky + myq) Tqu + (Tge — K3) Tey. Since (Ko +myq) € (%, 1) and
Tge — K3 > 0 (by Lemma 9) 7! has to be strictly greater that 7°. Next, we
will show that 7 < 7+ for j = 1,2, .. If 7/ < 0, then 7/*! has to be larger
than 7/ as 7/ is some fraction of w7 (7., € (0,1)) plus Tyeme > 0. If 717 >0
the result follows from observing that if 777! < 7/ then ¢; would converge
to zeros as ™t < 1 = 7?2 < Il = P < 72 and we know q
converges to % > 0. Note that 77 would never exceed the long-run value
as this would imply 7/*! would be greater than the long-run value as well.

p = 0: When the demand elasticity is zero we have 7., = 0, g, < 0
and 7}, = Kymgy € (37qu,0). It is easily seen that m' = (K + mgq) mgu >
Tqu = 7. Furthermore, 777! > 77 for all j = 1,2, ... as 7/ is some fraction
Tgq € (0,1) of 7. m

Proposition 15 If p< p < 1 the terms of trade adjusts gradually to its
long-run value at least from the period after the shock.

Proof. With p € [p,1) we have that 7, < 0, 74, < 0 and —7{‘1::: < 0.

Lets split this case into two subcases: One (plausible), where the long-run

TgcTecu

effect is larger (g, < m), and one, where the long-run effect is smaller
than the impact effect.
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In the first subcase 7y, < 2= < 0. First notice that 77, j = 2,3,.

jE—
would never exceed the long-run value (1‘1—;“‘) if m! < Fas this would im-
ply m*+1 also would exceed the long-run value contradlctmg that q converges
to % Lastly, notice that if 7! < T2 then n/ < 7/t for j = 1,2,.
has to be the case as the q Would othervvlse diverge from the long-run Value
Similar arguments apply if 7! > 1‘1_0—77;:

In the second subcase 0 > m,, > % First notice that m/, j =
2,3, ...would never dip below the long-run value (%) if mt >

TgcTcu as
) 1—mgq

this would imply 7/*! would be further below the long—run value contradict-
ing that g converges to it. Lastly, notice that if 7' > %= then 7/ > 7/t
for 5 = 1,2,... has to be the case as q Would 0therw1se dlverge from the

long-run value Similar arguments apply if 7! < % [

One implication of this proposition is that we cannot rule out, in the
subcase of p < 1 and a long-run effect of the terms of trade larger than the
impact effect, that after the initial deterioration in the period of the shock
the terms of trade deteriorates further in the period after and from there
gradually adjusts to its long-run level. Similarly, we cannot rule out, in the
other subcase of p < 1 and a long-run effect of the terms of trade smaller
(numerically larger) than the impact effect, that after the initial deterioration
of the terms of trade, the terms of trade actually improves in the period after
(relative to the impact level) and from then on gradually deteriorates to its
long-run level which is below the impact level. That said, our numerical
exercises showed that only for extreme and implausible parameter values
would these cases arise, as well as the long-run effect of the terms of trade
being smaller than the impact effect (numerically larger) seemed to be highly
unlikely.

Proposition 16 g—i > 0.
Proof. Same as for proposition 4. m
E Equilibrium with Three-Period Nominal Wage Stag-
gering

We conjecture a solution for the terms of trade and relative consumption as

_ * 1 2
Qt - 7ch (Ct—l - Ct—l) + quQt—l + quQt—Q

1 2
FTqutly + 7, U1 + T, U2,
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and

* * * 1
cq—C¢ = Te (bt,l — bt,l) + Tee (ct,l — ct,l) + Ty di1
2 1 2
T oqQi—2 + Tewls + oy Ug—1 + Ty Up—2-

As usual

k k
Ct+1 — Cpy1 = Ct — Cp + Moy U

E.1 Terms of Trade

Product market equilibrium implies

3n i
q = ¢nwc Z (Ct—i - C:—i)

9p + Iy, —
7 2 2
+¢ 2 -1 E,_ iqdi— i
9% + 91, ( Nwp ) ;jzo t—3+iqt—2+j+
7 2 & 9n
9p + 91, ;jgo P 9 + My t

34

Incorporating the Euler equation and the nominal exchange rate equation we

get
2 2
d = Tge (thl - 0211) + Nyq ZZ By 3tiio+j+i
i=0 j=0
+77quut + n;uutfl + nguut*%
with
_ My
7/]qC 9p+977yw wce)
nyw
_ 1 ,
Tqq 9+ 97, ( Thop )
My
- sm + scTeu) s
1 67y
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(Tsm + TseTew + NueTew) -

Taking expectations and plugging back in we find that

{1 = Taq {3 +2mg + (Wéq)z + qu} } t
= [nqc + Ngq (37ch + WéqWQC)} (thl - C:fil)
F14q (2 + 27"24 + Wéqﬁgq) qt—1

H1gqdt—2
1

1 2 2
+ {nqu — Nyq [37Tqu + 27qu7Tqu + (qu) Tqu + quwqu} } i

F{ N — Ngq 27 g + BT geTeu + 27 g Tgu + 2T quy + T Ty,

2 2 2 1.2
) Tqu + Mgy Mqu — Ty — Mgy [ Yueq

1
qq q qq9 " qu
1,1

2 1 1
+{nqu o nqq [ﬂ-qu + QWQCWCU + 7Tqu + 7quﬂ-qu + 7qu7ch7Tcu

1
+T o TgeTMeu + (7T

2
_Hréqﬂ-qu + (ﬂ';q) Tqu + 7T2q7rqu + Wgu]}utﬂ,
implying

1 12 2
©=1-n, [3 + 27, + (ﬂ'qq> +7rqq] ’

Tge = o [nqc + Ngq (37ch + Wéqﬂ'QC)] 3
ﬂ';q - (Dilnqq (2 + 27T2q + 7T;qﬁgq) J

2 _ &—1
qu_cb Mqq>

-1 1 12 2
Tqu = P {nqu — Nyq [37Tqu + 27, Tqu + (qu) Tqu + quwqu} } ,

1 g-lg,1 1 1
T = @ {nqu — Ngq[3TgeTeu + TyqMacTeu + 27 g Tqu
1 )2 1 1,1
+ (qu Tqu + 27Tqu + oM qu
2 2 1,2
F2Mgu + Ty Tqu = Mg = TgqTagul s
2 a—ly.2 1 1 11

T = P {Ngu — Mygl2TgeTeu + Ty MgeTeu + Ty + gy gu

1 12 2 2
g Tqu + (qu> Tqu + TaqMqu + Mgy + Tqul }-

35
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E.2 Relative Consumption

Given that

vi—yi = (1= p)[mee(cio1— ) + M1 + Togle—2
FTqutt + ‘|—7T;uut—1 + guut—z} )
we have from (20) that
bt — b: = 671 (bt,1 - b;:fl) + (1 - p) |:7ch (Ct,1 — C;:fl)
+7T;th—1 + ﬂ'gq%—z + Tqully + Wéuut—l + Wguut—z]
— (e —¢}).
Furthermore we have
Ey (Ct+1 - C::k+1) = Tep (b — b7) + Tee (¢r — ¢) + Wtit
+7Tzq(1t71 + LU+ TR,
which using our expressions for the terms of trade, relative consumption and
relative bondholdings can be written as
Ey (¢ir1—€4)
= T {571 (be1 = biy) + (1= p) [mge (1 — ¢fy) + W;qq'f*1
+7T§th—2 + unut + Wéuut_l + Wguut_g] — (Ct — CI)}
+7ee (€t — €F)
+7riq [Tqe (ceo1 — ¢_q) + ﬁéqqt,l
+7T§th—2 + T quUt + +7Téuut_1 + Wguut_g}
—}—ﬂ'iq%q + Wiuut + Wiuut,l,
and using the Euler equation we get
(1+ 7 — WCC)_l (¢t — ¢)
= {6 (b1 =0 y) + (1= p) [mee (1 — €] 1) + Tgqe
+7qu%—2 + Tquty + +7Téuut—1 + Wguut—z] }
+7riq [wqc (ct_l — cf_l) + Wéqqt_l
—!—71'3(1%72 + Tgu Uy + +7Téuut,1 + Wguut,g}
+7Tqut—1 + Wiuut + quut_l,

implying the following restrictions must hold

-1 ¢—1
Teh = (1 + ey — 7ch) o T by



PROPAGATION OF NOMINAL SHOCKS IN OPEN ECONOMIES 37

Tee = (L4 Tep = o) [Tep (1= p) e + Tiyge]

-1
Triq = (1 + Teb — 7ch) [ﬂ'cb (1 - p) W;q + ﬂﬁqﬂ';q} )

qu = (1 + Ty — ch)_l [WCb (1 - p) qu + Wiqﬂ-gq} ’

Tew = (1+mep — ch)fl [ﬂ'Cb (1—p)mgu + 7Tiq7l'qu + Wiu] ,

al, =1+ 7mp — wcc)_l [ch (1—p) Wéu + Wiqﬂ';u + qu} ,

Trgu = (1 + Teb — ch)il [ﬂ-cb (1 - ,0) qu + ﬂ-iqﬂ'gu] .
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Figure 1
Qualitative terms-of-trade impulse-responses to an expansion in Home
money supply (1 percent) with one-period wage contracts®
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Terms of Trade
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22For both p > 0 and p < 0 the long-run effects are numerically smaller than the impact-
effects for the impulse-responses depicted in figure 1. Under mild conditions this is always
the case. For p > 1 this is ensured if § > % If p < p <1, the sufficient condition is

o> ﬁ;—ﬁ% which is likely to hold for plausible parameter values.
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Figure 2
Terms-of-trade impulse-responses to an expansion in Home money supply
(1 percent) with two-period staggered wage contracts
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Figure 2

42

Terms-of-trade impulse-responses to an expansion in Home money supply
(1 percent) with two-period staggered wage contracts (continued)
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Figure 3
Terms-of-trade impulse-responses to an expansion in Home money supply
(1 percent) with three-period staggered wage contracts
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(1 percent) with three-period staggered wage contracts (continued)
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Terms-of-trade impulse-responses to an expansion in Home money supply
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