Contrasting Different Forms of Price Stickiness:
Exchange Rate Overshooting and Beggar Thy
Neighbor Policy!

Markus K. Brunnermeier? Clemens Grafe?
Princeton Unwversity London School of Economics
Department of Economics Centre for Economic Performance

First Version: March 29, 1999
This Version: November 30, 1999

'We are grateful for helpful discussions with Charley Bean, Ben Bernanke, Smita B. Brun-
nermeier, Paul de Grauwe, Juergen von Hagen, Kaspar Richter and participants of the EDP
Jamboree 1999 at Universitat Pompeu Fabra in Barcelona. Responsibility for errors and omis-
sions of course rests with us. We are also thankful to the taxpayers of the European Union for
their financial support through the Marie Curie Fellowship (TMR grant). Comments are very
welcome.

2Princeton University, Department of Economics, Fisher Hall, Princeton, NJ 08540, USA,
Tel.: +1-609-258 4050, FAX: +1-609-258 6419, e-mail: markus@princeton.edu, WWW-
homepage: http://www.princeton.edu/~ markus

3London School of Economics, Centre for Economic Performance, London WC2A 2AE, Tel.:
+44-171-955-3348, FAX: +44-171-955 7595, e-mail: C.Grafe@lse.ac.uk



Abstract

There is a growing literature on the real implications of monetary shocks in open economies
with nominal rigidities. However, this literature largely ignores the role of the type of
price stickiness and labor market imperfections. We extend the two country Obstfeld and
Rogoff (1995) setting and show that the impact of a money supply shock on the national
economy and the spillover effects to other countries depend crucially on (i) the form of
price or wage stickiness as well as on (ii) the structure of the labor market. With sticky
retail prices, the exchange rate overshoots even though uncovered interest rate parity is
violated and an unexpected monetary expansion leads to a “beggar thy neighbor” effect.
Exactly the opposite occurs if wholesale prices in the producer’s currency are sticky. In
this case a positive money supply shock causes positive spillover effects. The impact of
wage stickiness depends crucially on the structure of the labor market. If the labor market
is dominated by trade unions, a positive money supply shock leads qualitatively to same
spillover dynamics and exchange rate dynamics as under sticky wholesale prices. If on
the other hand, firms have all bargaining power in the labor market the opposite output
dynamics and exchange rate dynamics follows a money expansion.



1 Introduction

The Great Depression triggered policy interest in the impact of one country’s monetary
policy on the neighboring country’s economy and on the exchange rate. The term “beg-
gar thy neighbor policy” was coined during that period. More formal analyzes of such
macroeconomic interdependence were only possible decades later after a Keynesian ana-
lytical framework assuming sticky wages was developed by Fleming (1962) and Mundell
(1961) and (1963) . Models based on this framework predict that a domestic monetary
expansion leads to a reduction in foreign output (e.g. Mussa (1979)). This occurs since
a domestic monetary expansion triggers a depreciation in the home currency. This raises
the price of foreign goods, thereby leading to a substitution away from foreign goods and
a reduction in production abroad. However, the Mundell-Fleming framework lacks micro-
foundation and is static. Consequently, no coherent welfare analysis can be conducted.
A static model also restricts the analysis to comparative statics and does not allow one
to explicitly analyze the dynamic aspects of the current account and the dynamics of the
exchange rate.

Until recently dynamic models either departed from a general equilibrium framework
by ignoring income effects or they focused on competitive dynamic models where firms
and individuals take equilibrium prices as given (e.g. Lucas (1982) and Stockman (1980)).
Money is neutral in models with frictionless markets and rational individuals. In addition,
price stickiness is hard to justify in a competitive environment.

Obstfeld and Rogoff (1995) and Svensson and van Wijnbergen (1989) moved away
from the price-taking assumption by incorporating monopolistic competition to the in-
ternational finance literature. In contrast to the earlier partial equilibrium Keynesian
models, these general equilibrium models take income effects into account and provide a
thorough microfoundation. This makes it possible to conduct a welfare analysis. However,
Obstfeld and Rogoff (1995) implicitly assume a special form of price stickiness since they
assume that the purchasing power parity always holds. The extended model in Obstfeld
and Rogoff (1996) is also restricted to a special form of labor market with powerful trade
unions. Thus, the importance of the form of price stickiness and labor market imperfec-
tions has been largely ignored in the published literature.

Our paper shows that the form of price stickiness and the structure of the labor market
are crucial in understanding the impact of an unanticipated money supply shock on the
international economy. We distinguish between two different forms of price stickiness in
the goods market: a sticky retail price setting wherein prices are fixed for one period in
the consumers’ currency and a sticky wholesale price setting where prices are sticky in the
producers’ currency. We also examine the case of sticky wages wherein we show that the
impact of a money supply shock is determined by the structure of the labor market.

Our model builds on Obstfeld and Rogoff (1995) and extends it in various ways. It
describes a two country world, home and foreign, that is populated by workers that pro-



vide labor to firms. We depart from the simpler yeoman analysis in Obstfeld and Rogoff
(1995). In our model firms sell their output on the goods market and hire workers from the
labor market. We assume market imperfections in both markets. This allows us to study
price as well as wage stickiness. Each firm produces in only one of the two countries and
is in monopolistic competition with firms both abroad and at home. Unlike Obstfeld and
Rogoff (1995), who assume that firms set the price only in their own currency, we assume
that firms are able to price discriminate between countries.! There are also frictions on
the labor market. In Obstfeld and Rogoff (1996) and Hau (1998) workers are represented
by monopolistically competitive trade unions which hold the market power. While there
is a relatively broad agreement among economists that a monopolistic market structure is
an accurate description of the goods market this is much less the case for labor markets.
To provide a contrast to the existing models, we focus on the other extreme and assume
that firms are monopsonists in the labor market.? Finally, our model assumes that there
is a complete home bias in the ownership of firms.

Given the distortions in both markets, prices are higher in our model relative to the
social optimum. A positive monetary expansion has an immediate effect on the national
economy. With sticky prices, nominal wages will adjust while real prices decrease. This
leads to more production in the country that expands its money supply and suggests a
current account surplus. The analysis illustrates that the magnitude and directions of
spillover effects and the dynamics of the world economics depend crucially on the form of
price stickiness. Furthermore, if nominal wages are sticky, a money supply increase leads
to higher prices and thus to lower real wages. This also affects the country’s output as well
as its current account deficit. These effects can be either negative or positive depending
on the structure of the labor market. If the labor market is dominated by trade unions
as in Obstfeld and Rogoff (1996), wages in the steady state equilibrium are too high in
comparison to the social optimum. A money supply increase reduces real wages and thus
leads to the same effects as in the sticky wholesale price setting. On the other hand, if
firms hold the market power on the labor market, wages are already too low relative to
the social optimum and an unexpected money supply shock has negative implications.

In an open economy, monetary policy decisions in one country affect the welfare of
other economies as well. We show that both the size of spillover effects on foreign con-
sumption and production and their direction depends crucially on the type of nominal
stickiness assumed. In the sluggish wholesale price setting, Obstfeld and Rogoft’s (1995)

'We believe that price discrimination is a more realistic assumption and it also allows us to study
different sorts of price stickiness. There is a significant amount of evidence that borders have a much
bigger effect on price disparities than for example transport costs, (Engel and Rogers 1996).

2Monopsonistic market power of firms is certainly an extreme assumption, but labour economists have
previously argued that it is realistic in many settings. For example, it has been used to explain the positive
employment effect of the introduction of minimum wages (Card and Krueger 1995),(Manning 1995), the
positive relationship between firm size and wages (Green, Machin, and Manning 1996), and the persistent
differences across firms in wages and vacancy rates (Boal and Ransom 1997). In a recent empirical study
of the labour market for nurses, Staiger, Spetz, and Phibbs (1999) also found significant market power
on the side of the hospitals.



result is confirmed even though we do not assume the law of one price. The spillovers
are positive. On the other hand, if retail prices are sticky, the foreign country’s welfare is
unambiguously negatively affected by monetary expansions at home. This reinstates the
traditional Keynesian notion of “Beggar Thy Neighbor” policies. Foreign consumption is
negatively correlated with money expansions at home whilst the equilibrium labor input
is positively correlated with it. Under a sticky wholesale price setting, the correlations
with money supply of both consumption and production vary from the short to the long-
run. While consumption is initially positively affected by a foreign money expansion, it
is negatively correlated in the long-run. The opposite is true for production.

Under the sticky wage setting, the structure of the labor market determines the im-
pact of a monetary expansion. The effects are either qualitatively similar to the case of
sticky wholesale prices if workers are represented by powerful trade unions, or they are al-
most the mirror image of what happens under sticky wholesale prices. In the latter case,
foreign production is negatively correlated in the long-run to home money expansions.
Consumption abroad declines in the short-run but increases in the long-run.

Empirical evidence on the spillover effects appears to be inconclusive. McKibbin and
Sachs (1991) argue that the spillover effects of monetary policy on real variables are small
while Canzoneri and Minford (1986) claim that they are reasonably big and negative. It
is important to understand the size and direction of spillover effects before one can discuss
the need for international monetary coordination.

The form of price stickiness also affects the exchange rate dynamics. In our model
the nominal exchange rate moves immediately regardless of whether wages, wholesale or
retail prices are sticky. Under sticky wholesale prices, it jumps by less than the mag-
nitude of the monetary expansion and immediately reaches its new steady state value.
In contrast, under the sticky retail price setting the exchange rate jumps by more than
the monetary expansion and returns to the old steady state level in the long-run. This
exchange rate overshooting is qualitatively different from the classical overshooting in
Dornbusch (1976). For Dornbusch-type overshooting to occur, the uncovered nominal in-
terest rate parity (UIP) and long-run purchasing power parity needs to hold. In contrast,
our overshooting occurs exactly when the uncovered nominal interest rate parity (UIP)
and short-run PPP are violated. Our type of overshooting seems to be vindicated by the
data. Rogoff (1996) has shown that periods of exchange rate overshooting coincide with
periods of extreme violations of both PPP and UIP. If wages are sticky, the exchange
rate moves more than the money supply but there is no overshooting. The exchange rate
immediately reaches its new steady state as in the case of sticky wholesale prices. The
volatility of the real exchange rate, as measured by the relative price of a consumption
basket in the two countries, displays the same volatility as the nominal exchange rate in
the case of sticky retail prices. This is in line with the empirical findings of Rogoff (1996).
Under sticky wholesale prices and under sticky wages, the real exchange rate does not
move at all because the law of one price always holds.



The empirically established J-curve effect shows that the trade balance is negatively
correlated with current and future exchange rates while it is positively correlated with
past exchange rates. In our model, the current account is initially positive if either of
the two prices are sticky but turns out to be negative under wage stickiness. In the long-
run, the sign of the current account is reversed and turns negative under sticky prices and
positive under sticky wages. It is worthwhile to note that while the cross-correlation of the
trade balance with the current exchange rate has different signs under sticky wages and
sticky prices, the cross-correlation of the terms of trade and the trade balance is always
positive. Even under sticky wages, where the exchange rate is negatively correlated the
prices move far enough to allow the terms of trade to be positively correlated with the
trade balance. Our findings extend the findings of Backus, Kehoe, and Kydland (1994)
to monetary shocks. They found that while the J-curve effect can be reconciled with
permanent productivity shocks, it is not possible to reconcile the negative correlation
with fiscal shocks. In our model the efficiency gains from monetary disturbances are also
only short-term even though they lead to permanent effects due to international lending.

To the best of our knowledge, our paper is the first to explicitly illustrate the impor-
tance of different types of price stickiness as well as labor market imperfections.

The remaining paper is organized as follows. Section 2 introduces the model and
Section 3 analyzes the steady state. Section 4 introduces nominal rigidities. Section 4.1
discusses the effects of monetary disturbances under different kinds of price stickiness and
illustrates a new form of exchange rate overshooting. Section 4.2 discusses the welfare
spillovers of monetary expansions under different forms of price stickiness and the role of
the labor market imperfections under sticky wages. Conclusions are presented in Section
5. Proofs not presented in the text are in the Appendix.

2 The Model

2.1 Consumers’ Problem

The world is a 1 x 1 square in our model. A fraction n of the population lives in the
home country and a fraction (1 — n) abroad. There is also a continuum of firms on the
interval [0,1]. All firms produce different goods. A measure of n firms produce at home
and a measure (1 — n) in the foreign country. Home firms are symmetrically owned by
home citizens and foreign firms by foreign citizens. Each inhabitant works in one firm
located in his country but consumes the whole range of home and foreign produced goods.
The group of potential workers for each firm is of measure one. All citizens maximize an
additively separable utility function with a common discount rate 6,

- 1\ M
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As in Obstfeld and Rogoff (1996), the flow utility is Cobb Douglas in money and in the
composite consumption good. The marginal disutility of labor is constant k.
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The citizens derive positive utility from holding real money in their own currency.
Holding more cash saves them trips to their bank. The flow utility exhibits constant
elasticity of substitution (CES) of p among the different commodities. The composite
consumption good is, therefore, given by

1 -1
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0
and the price index is defined as
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The superscript h refers to the home country and f to the foreign country.
The budget constraint for an individual agent of type z is given by
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where 77 are real government transfers, B? denotes the face value of bond holdings

between period t to t + 1. Given the interest rate r; the present value of the bond is
- B{". w is the nominal wage and 7 is the share of profits from home firms that the
agent holds stocks of.

As in Obstfeld and Rogoff (1995) (1996) citizens are not allowed to trade their shares
of the firms. However they can trade real bonds in order to smooth their consumption.
Agents choose their labor supply, their consumption stream, their money holdings and
their bond holdings.

The government’s revenue comes from seigniorage. We will assume throughout this
analysis that the government balances its budget in each period.?

h h _ _h_h
My — My = py'my

The consumption side is identical to the formulation used in Obstfeld and Rogoff
(1996).

3We do not really have to assume this. As long as the government spends all its revenue on transfers or
buys the same consumption baskets as the economy’s agents, Ricardian equivalence in the model ensures
that a temporary deficit or surplus has no effect.



2.2 Firms’ Problem

As in the standard framework, we assume that companies are monopolistic competitors
in the goods market. Each good k is produced by firm k£ only. Furthermore, we assume
that each company is a monopsonist in the labor market. This is a crucial assumption
as it leads to very different dynamics in our model under sticky wages compared to the
standard framework. The dynamics under sticky prices are largely unaffected by this
assumption. The empirical evidence suggests that this is a reasonable assumption. For
example, Boal and Ransom (1997), Staiger et al. (1999) find that the market power is
typically with the employers rather than with the employees. Therefore, it can be mis-
leading to shift the market power to the workers for modelling purposes.

We assume that producers can differentiate between foreign and home markets while
setting prices. The production function for an individual home firm k& takes the simple
constant returns to scale form

y""(k) = L"(k) for the home market h and
y" (k) = L" (k) for the foreign (export) market f.

The firm k maximizes its profit 7"(k), which depends not only on the prices it sets
but also on the exchange rate £

max 7" (k) = p"(k)L"" (k) + Ep’ (k)L" (k) — w" (L""(k) + L (k)) ,

th,th

subject to
home goods demand:  ph(k) = p"(k; L"(k)),
foreign goods demand: Ep’ (k) = Epf(k; L' (k)),
labor supply: wh = wh(L" (k) + L" (k)).
In the next section we solve the consumers’ and producers’ optimization problem under
the assumption that both prices and wages are flexible.

3 Steady State Analysis

We analyze the steady state by assuming that all prices are flexible. Maximizing the
consumers’ utility and the entrepreneurs’ profits in this setting leads us to a system of
equations that determines the steady state equilibrium.

Proposition 1 The symmetric equilibrium of the economy is fully determined by the
following eight equations and their foreign counterparts. (all variables are per capita)

1. Cly(z) = (111;) ClMz) (consumption Euler equation),

, - n
9 M) _ XC’[”# , where 1+l = pt:,gl (14 r) (money demand),

Dy (2 p

3. Lh= %Lhw—? (labor supply),



4. pi= [np?(h)l_” +(1- n)p?(f)l_p] = (price indez),

!
5 Ch = %th—i— Eppt—h(h)th + B — ﬁit (budget constraint),
t t

—p Fon\ P
6. Lhh = [1%;)} nCh, LM = (ptp—(fh)) (1 —n)th

(goods demand for home and export goods market),
7. Ll = L + LM (total labor demand),

wh\ P wh \ P
8. It = (255%) "nCl LY = (275 55) T (1 —m)cf

(labor demand for home and export goods market).

This system of equations is almost identical to the system in Obstfeld and Rogoff
(1996). The only differences occur in the labor supply and demand equations as well
as in the goods supply equation. We give entrepreneurs monopsonistic power in the
labor market, thereby reducing the labor demand by a factor of 2°. The reduced supply
enables the entrepreneurs to charge a markup that is double that in Obstfeld and Rogoff
(1996). Additionally, we allow firms to discriminate in prices between home and foreign
markets, i.e. they can choose the labor input that serves the domestic and export markets
separately. The consumers’ CES utility function leads to a simple markup pricing by firms.
A comparison of the goods and the labor demand functions (equation 6 and 8) shows that
entrepreneurs always set prices that are higher by a factor of (2”—;1) than the production
costs. Since the costs of serving the two markets are determined by the home wage,
the price firms charge in the two countries is the same. Effectively, a Purchasing Power
Parity (PPP) or a no arbitrage condition holds even though it has not been assumed
(Ep’(h) = p"(Rh)). This result is proven formally in the next lemma*.

Lemma 1 Purchasing Power Parity (p" = Ep’) holds when prices and wages are flexible,
even though firms can price discriminate.

Proof. The firm’s profit maximization problem is given by

hh, h h _ phhy( f _ h
Jpax LM (h) + (L" = L") (p" (R)E) — wL

subject to
(1) inverse goods demands in both countries

p(h) = (Z%);p" and p/ (h) = (Z%);pf and
(2) labor supply function

h_ 1C" h
we = LR

The first order conditions (FOC) are given by

oph(h) hy op’ (h)
LM - LUE oL

4This result would hold for any utility function that gives rise to isoelastic demand functions.

=0

(#"(h) = p"(R)E) + L™
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and

ow"
'WE —w—L"'— =0
The assumption of the constant elasticity utility function ensures that the demand
functions are isoelastic.

oL ph(h) LM Epf(h) ~  p

Substituting these relations into the second and third terms of the first FOC shows
that the relative price that ensures the optimal allocation between foreign and home
market, is given by

p"(h) = Ep’(h).

As long as the first FOC holds, firms set the same price in both markets. Since this
holds for all individual prices it is also valid for the price indices. Hence, as long as prices
are flexible, PPP holds even though it is not assumed.l

However, we will see in Lemma 5 presented in the next section that purchasing power
parity need not hold if certain prices are sticky.

In an international equilibrium the bond market has to clear, i.e. nB = (1 —n) B] =:
B;. The international bond market can be thought of as follows. Consumers submit de-
mand schedules to an international intermediary. These schedules specify how many
consumption baskets they are willing to lend or borrow for a given interest rate. The
international intermediary determines the interest rate such that the bond market clears
and collects and delivers the consumption baskets.

It is difficult to determine the steady state of the economy unless we assume that bond
holdings are internationally balanced. Hence, we adopt the strategy of determining the
symmetric steady state and later on log-linearize the system of equations of Proposition
1 around this steady state.

Proposition 2 The symmetric steady state in which the bond holdings are internationally
balanced is given by

h_Jf —ch—f —  [1lp=1
1 Ly=Ly=Cy=Cy =1/+3 o’
2. 7p =0,
g ph M s _ Mo

0 x TF1+6 — gl o



—h. rh

_ by _ My
5. By="1 =1
Po 0

Proof. see Appendix.ll

The scale of production is reduced and the real wage is depressed due to the market
imperfections inherent in monopolistic goods market and monopsonistic labor markets.
The real interest rate is entirely determined by the exogenous time preference of the agents
and the exchange rate depends solely on the relative money supply. Money is neutral in
this flexible price steady state and does not have any effect on real variables.

The markup, pj = Qﬁu_;g, in our model is twice as high as in Obstfeld and Rogoff
(1996). Because companies are able to use their market power to set wages, they set them
too low. This in turn leads to a lower scale of production by a factor of v/2.

As mentioned earlier, we log-linearize the model around the symmetric steady state.
T approximates the percentage change from the symmetric steady state. We drop the
subscript ¢ from all equations which apply only within a period.

Lemma 2 The log-linearized system of equations around the symmetric steady state with
B =0 is given by

~h ~h

1. C =0 + 1%7} (consumption Euler equation),

~h =h

~ p ph
= & Pyy1—P
2. M!~p, =C, — T — ~H—— (money demand),

~h
3. L =—C +a"—p" (labor supply),

~h Y ~h Y N
5 C —i—]_oh =1L + nph(h) + (1 —n) ( h(f) + E) %1—15%—? (budget constraint),

=hh ~h ~h =hh ~f =f =7
6. L =—p@(m p)+0 L ——p@(ﬂ—p)+0

(goods demand for home and export market),

~h  =~hh hf
7. L =nL +(1-— n)L (total labor demand),

~hh o ~h ~hf b ~f ~F
8. L :—p< —p)+C’ L :—p<w —p —E) +C

(labor demand for home and export market).

The log-linearization allows us to understand the reaction of the economy to exoge-
nous wealth and money shocks. We will use the equations later in order to determine the
long-run effects of monetary expansions if either wages or prices are sticky in the short-
term. For convenience, we first determine the difference in the growth rates of domestic



and foreign variables and only later determine the growth rates of individual countries’
consumption and production.

The next proposition states that world output, i.e. the aggregate of home and foreign
output, is independent of the intercountry wealth distribution in the steady state. Any
change would have to come from a change in the real wages in the two countries. Changes
in real wages affects the consumption-leisure trade-off. However, any percentage increase
in the home real wage increases production costs and also the foreign price index. This
in turn reduces the wage rate abroad. Foreign workers face the same leisure-consumption
trade-off and thus they reduce their production. In short, a production increase in one
country leads to an offsetting effect on output in the other country and thus the world
production remains the same. This result holds as long as we assume that the wage is
always a constant share of output. This is the case in our model because agents in both
countries have the same preferences and they have CES utility function for different goods.

The distribution of leisure and consumption changes after an international redistribu-
tion of wealth. This is brought about by a change in the terms of trade. The indebted
country’s products become cheaper abroad, thereby allowing it to sell more goods to make
interest payments.

Proposition 3 A one-time redistribution of the bond holdings by dB does not affect ag-
gregate world consumption or production but leads to the following permanent changes in
home consumption, home employment, exchange rate and terms of trade.

~Sw ~w

1.T =C =0,

00 T +(1-n)(C -CT)=Le1s
. + ( T?)( ) 2p n1+568;
:h_:w B :h_:f 11 6 dB
5. L =L +(1-n)(L —L)=-3152

Proof. see Appendix.ll

Home agents consume more as a reaction to an exogenous wealth transfer towards
the home country. The extent of the increase in consumption depends positively on the
substitutability between home and foreign goods. Consumption does not change as much
as the income from bond holdings since agents also choose to work less. The home wage
rises relative to the foreign wage and the exchange rate falls to lower the price of foreign
goods at home and to increase the price of home goods abroad. Thus the foreign country
is able to repay its interest payments. Not surprisingly, an exogenous change in the
money supply does not affect any real variables. The exchange rate moves according to
the relative money supply in the two countries.

10



4 The Economy under Nominal Rigidities

So far we have kept prices and wages flexible and have found that a money supply shock
has no real effect. It only alters the nominal prices, wages and the exchange rate. In other
words, with flexible prices and wages, money is “neutral”, and since a money shock does
not change the dynamics, it is even “super-neutral”.

This result changes fundamentally if we assume that price adjustment is sluggish.
With sticky prices a money shock will not only affect the short-run real variables but
will also cause the economy to settle in a different steady state. We will look at a situa-
tion where the economy in period zero is in the symmetric steady state as described by
Proposition 2. A monetary supply shock occurs in period one and nominal wages/prices
are held fixed for that period. In period two all nominal prices and wages adjust and the
economy reaches a new steady state. The new steady state can be characterized by the
new levels of bond holdings and money supplies (B, M", M7).

We distinguish between three different types of price stickiness:

e nominal retail price stickiness,
e nominal wholesale price stickiness, and

e nominal wage stickiness given certain labor market imperfections.

Retail prices are the prices that are paid by the consumers in the two countries. By
wholesale prices we mean the prices that producers charge in their own currency.

We follow the methodology developed in Obstfeld and Rogoff (1995) to derive the
dynamic equilibrium with nominal rigidities. We log-linearize the system around the
symmetric steady state to determine the short-term dynamics and to take into account
the fact that certain prices are fixed between periods zero and one. We denote the first
order percentage change of a variable x in the shock period by z.

The economy reaches its new steady state in period two. As in the previous section
we denote the percentage deviation between the new steady state and the original sym-
metric steady state by T. After the money shock at the beginning of period one, agents
immediately adjust their net international bond holdings B. All variables stay constant
from period two onward. Bond holdings do not change from period one to period two
because agents hold their net wealth constant.® Any steady state of the economy is fully
characterized by the money supply and the international bond holdings (the only real

Unlike Obstfeld and Rogoff (1995) we define B, as the face value of the bond. Obstfeld and Rogoff
(1995) denote the bond price by F;. In their formulation F; would jump twice since the interest paid out
in period 2 differs from the steady state interest payments. Nevertheless, log-linearisation around F = 0
makes the difference of the interest payments in the first two steady state periods of second order. Hence,
it does not enter the calculations in Obstfeld and Rogoff (1995).

11



state variables). Therefore, the steady state from period two onwards is the same as the
steady state under flexible prices if

(1) the money supply changes in the same way, and

(2) the bond holdings are exogenously changed to the levels that endogenously arise
under price stickiness.

If one knows the money shock and the endogenous redistribution of bonds, the change
in period two can be fully characterized by the long-run relationships in Proposition 3.

Because of the intertemporal nature of the model, the short-run solution also involves
the long-run changes in the variables consumption ¢, the price index p" and the interest
rate 7. The money demand depends on future price levels and agents want to smooth their
consumption path. To determine the short-run changes we will hence need the long-run
budget constraint and the linearized long-run money demand equation from Lemma 2 in
addition to the equations in Lemma 3.

Lemma 3 For a given form of price/wage stickiness the log-linearized system of equations
around the symmetric steady state with B = 0 is given by
=h A
1. C =Ch+ ﬁf’ (consumption Euler equation),
~h

2. Mt —ph = Ch — 1%5 —k gﬁh (money demand),

3. Lh=—Ch+ ol — ph (labor supply),
b 9 = () + (L= m)(f) (price indea),

5. CM+ph = L' + npt(h) + (1 — n) (E —I—f)f(h)) —LdB - hudget constraint),

~h
nC’O

6. DM = —p (§(h) = ") + C*, M = —p (/ () — /) + O

(goods demand for home and foreign market),
7. L" = nLM" + (1 —n)LM (total labor demand),

8. (labor demand equations are replaced by equations which vary with the form of
price stickiness).

The labor demand equation in Lemma 2 is replaced by p"(h) = p"(f) = 0 in the case
of sticky retail prices. Under sluggish wholesale prices, i.e. when prices are sticky in the
producers’ currency, the additional equation is given by p*(h) = p/(f) = 0. Similarly, if
wages are sticky, it is given by @" = v/ = 0.

The labor demand equation also varies depending on the form of price stickiness. With
both forms of price stickiness, the monopolists always supply the goods demand as long
as they earn a positive markup. The monopolists need not be concerned that additional
supply reduces the price. The labor demand, therefore, results directly from the goods
demand equation. In the case of sticky prices, the labor demand is determined by the
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labor supply at this fixed wage.

Note that the budget constraint in the short-run differs from the long-run budget
constraint. Fixing the prices or wages leads to a temporary change in real income which
agents smooth by saving or dissaving in the international bond market.

4.1 Exchange Rate Overshooting and Uncovered Interest Rate
Parity

This section illustrates the exchange rate dynamics, purchasing power parity and the un-
covered interest rate parity under the different forms of price stickiness. The main focus is
exchange rate overshooting under sticky retail prices, which is different from the classical
Dornbusch-type overshooting.

The nominal interest rates are the same in period one regardless of the form of price
stickiness. This is true because we assume a Cobb-Douglas relationship between money
and consumption. This gives rise to a constant unit consumption elasticity of the money
demand.

Lemma 4 also shows that the inflation rate from period one to period two has to be
the same in both countries.

Lemma 4 Both countries always face the same ex-ante nominal interest rate i = /.
Furthermore, they experience the same inflation rates between peritod one and period two.
s Ph P
That is o=
Proof. In the steady state, the nominal interest rate coincides with the real interest
rate. Both countries always face the same real interest rate. This is also true in the shock
period.

Since the real interest rate is identical in both countries and the consumption elasticity
is assumed to be unity, it follows that the ratio of the consumption levels is the same in

h h
the shock period and in the long run. That is, % = %

ratio of home and foreign real balances in periodltwo and one only depends on relative
nominal interest rates and not on consumption. Since in the long run both countries face
the same nominal interest rate, the ratio of the real balances is given by (equation 2 of
Proposition 1)

This in turn implies that the

Mth_ngfp_}f: o1+
M py M pl 144l ]

Furthermore, any difference in the relative nominal interest rates at home and abroad
has to result from different inflation rates, because the real rates are the same. Suppose
now that the inflation rate at home were higher than abroad. Because the money supply
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stays constant (MP = M}, M{ = M), this would mean that real balances at home fall
relative to real balances abroad from period one to period two. The left hand side of the
equation above would be smaller than one. At the same time the higher inflation rate at
home would induce a positive nominal interest rate differential in the short term while
the nominal interest rate is the same in the long run. This change in the relative interest
rate would lead to a rise in the real balances held at home relative to those held abroad
because the opportunity cost of holding money would fall by more for the home agent
than for the foreign agent. The right hand side of the above equation would be greater
than one. This implies that the inflation rates and hence the nominal interest rates have
to be the same in the two countries.ll

As pointed out earlier the last lemma depends on the assumption that the utility func-
tion in money and consumption is of a Cobb-Douglas form. The results would change
smoothly if we assume a variable consumption elasticity of money demand.

The next lemma analyzes whether PPP, which holds under flexible prices, still applies
when prices are sticky.

Lemma 5 In the long-run, purchasing power parity (p" = Ep’) holds under any form of
price stickiness. In the short-run, it still holds under sticky wholesale prices and under
sticky wages but not under sticky retail prices.

Proof. In the long-run, firms can adjust their prices and the result that PPP holds
under flexible prices applies (Lemma 1). If prices are not flexible, the first order condition
becomes irrelevant in the short-term. Nevertheless, it is true that PPP holds under sticky
wholesale prices. The argument is as follows. PPP holds in the initial steady state because
prices and wages are flexible. In the shock period, the relative price of the same goods
in the home and the foreign market moves only with the exchange rate. Hence, the no
arbitrage condition continues to hold for each good and, therefore, also for the price levels.

This is obviously not true under fixed retail prices because the exchange rate moves
in the shock period (E’ # 0). It is intuitively easy to understand why the exchange rate
jumps under sticky retail prices. Under sticky retail prices, the price of consumption stays
constant in the shock period. There is no substitution between home and foreign goods.
Hence, production is the same in both countries. Now, suppose the exchange rate does
not move. This would imply that home and foreign agents have the same real income
and, therefore, there is no international borrowing. Consequently, they both consume
the same amount. Both also face the same nominal interest rates (Lemma 4). Given all
these symmetries, they would demand the same amount of real money. This cannot be

an equilibrium because the money supply differs. (For an explicit proof see Proposition
6).1

Note that the result that monetary shocks would not lead to deviations from PPP
under wholesale price stickiness is not restricted to our case of CES utility functions over
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the different goods. Only the result that PPP holds in the steady state hinges on CES
between different goods.

These two lemmas allow us to show that both interest rate parity and exchange rate
overshooting depend on which form of price stickiness is assumed.’

Proposition 4 While the exchange rate overshoots its long-run value under sticky retail
prices, it immediately reaches its new steady state value under sticky wholesale prices as
well as under sticky wages.

Proof. Lemma 4 states that the nominal interest rate is always the same in both coun-
tries. Using this fact and the equation for the relative change in real money holdings -

o h

as stated in Lemma 4’s proof - we get %% = 1. Since PPP holds both in the long run
2P

and in the short run under sticky wholesale prices and sticky wages, this equation implies

that g—; = 1, i.e. the exchange rate jumps immediately to its long term level. If retail

prices are sticky the equation implies that g—g =

coincides with the short run exchange rate.ll

1. That is, the long run exchange rate

Intuitively, under sticky retail prices the exchange rate has to return to its original
level since PPP holds in both steady states and inflation from period zero to period two
is the same in both countries. From period zero to period one, inflation is zero due to
retail price stickiness. Lemma 4 shows that both countries experience the same inflation
rate from period one to period two.

Both the results that the long term exchange rate is not affected by money supply
shocks under sticky retail prices and that there is no overshooting if one of the other
two prices are sticky depend on the assumption of a Cobb-Douglas relationship between
real money and consumption. If we instead assume a different consumption elasticity
of money demand, both results would not hold with strict equality. Nevertheless the
qualitative insights would still be the same.

Proposition 5 Uncovered nominal interest rate parity holds under sticky wholesale prices
and sticky wages but is violated under sticky retail prices.

Proof.
The interest rate parity condition in the shock period is given by

1+ ik = Zen <1+z’{

By
The proof is self evident from Lemma 4 and Proposition 4.1

Betts and Devereux (1996) also consider a model in which firms price discriminate between home
and foreign markets. However, their model is de facto static since they do not allow international bond
trading. They find a one-off jump in the exchange rate but no overshooting. The increase in the exchange
rate exceeds the one in Obstfeld and Rogoff (1995). The authors claim that the difference is due to pricing
to market while we show that it is due to different forms of price stickiness.
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The last proposition illustrates that our overshooting phenomenon under sticky retail
prices also holds, even though the uncovered interest rate parity is violated. This is quite
distinct from the classical Dornbusch overshooting literature. UIP as well as long-run PPP
are necessary for their overshooting result. In our setting the exchange rate overshoots
exactly then when UIP is violated which is in line with empirical findings. Deviations of
UIP are surveyed in Engel (1996). Faust and Roger’s (1999) VAR analysis shows that
huge deviations from UIP occur when the exchange rate overshoots. This is exactly our
outcome under sticky retail prices.

4.2 Winners and Losers of an Unanticipated Money Shock

In this section we analyze the impact of an unanticipated money supply shock on the two
countries’ welfare. As was outlined in the introduction, we are specifically interested in
understanding the spillovers of one country’s monetary policy on the foreign country’s
welfare. The analysis in this section does not stop at pointing out the conditions under
which countries could engage in profitable beggar thy neighbor policies. We investigate
the welfare responses of monetary expansions under different forms of price stickiness and
different labor market structures. We focus specifically on the labor market because we
believe that there is relatively broad agreement on how the goods market interacts with
monetary policy shocks. The same can’t be said of the labor market.

Before we go into the discussion of the distribution of welfare it is useful to analyze
what causes in changes of aggregate world welfare after a monetary shock . The economy
is not at the Pareto frontier in the flexible price equilibrium (steady state). This is due
to welfare losses caused by monopolistic and monopsonistic distortions. These welfare
losses can be viewed as the result of a coordination failure. A social planner would set
wages equal to prices. The outcome would Pareto dominate the steady state outcome in
Proposition 2. We will see that monetary policy under sticky nominal prices or wages can
coordinate the agents in such a manner that the outcome is Pareto improved. Different
monetary policy is optimal depending on which prices are sticky and which real imper-
fection causes the flexible price equilibrium to be suboptimal. Furthermore we show that
the distribution of the welfare gain or loss between the two countries depends crucially
on the set of prices or wages which do not adjust. We organize the results as follows.
In section 4.2.1 we compare the outcomes under sticky retail and sticky wholesale prices
and in section 4.2.2 we compare the setting of sticky wholesale prices with the one under
sticky wages. The reason for this is twofold. First the sticky wholesale price scenario
turns out to be identical to the Obstfeld and Rogoff (1995) setting which we regard as
our reference point in the literature. Second, this division allows us to separate different
issues. In the first section we see that, depending on the nominal rigidity, there are two
different channels that influence the distribution of an aggregate welfare gain between
the countries. In the second section we argue that the sticky wholesale price scenario is
isomorphic to a setting in which wages are set by monopolistic unions. We compare that
scenario with sticky wages in an economy where firms are the wages setters. We point out
that in a sticky wage setting the structure of the labor market has important implications
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for welfare gains and losses after a money shock, if wages are sticky.

4.2.1 Sticky Retail Prices versus Sticky Wholesale Prices

If prices are sticky, world welfare is positively affected by an unanticipated positive money
shock. An increase in money supply effectively reduces real prices. At lower real prices,
consumers demand more goods and producers, having lost their price setting power, are
willing to meet any demand they face, as long as the money shock is not too big. This
leads to lower deadweight losses and higher consumer surplus. This is true under both
forms of sticky prices. As illustrated in Appendix A.3, the response of world output is
the same. We will see that what differs is the distribution of welfare gains.

Under sticky wholesale prices producers only keep the price in their own currency con-
stant. This implies that price changes in the short-run are given by p"(h) = p/(f) = 0,
p/(h) = —F and p"(f) = E. The prices of exported goods change with the exchange rate.
Under sticky retail prices, firms keep prices fixed both in their own and in the foreign
currency p"(h) = pf(h) = p/(f) = p"(f) = 0. This implies that the relative price of
foreign and home goods does not change in either of the two countries.

These differences in price adjustment imply that money shocks propagate through two
different channels.

e If the wholesale prices are held constant and the exchange rate appreciates, home
produced goods become cheaper relative to foreign produced goods, both at home
and abroad. As a result, consumers substitute home for foreign goods. Because the
price is fixed in the currency of the producer, the per unit revenue for a firm is the
same for sales abroad and at home.

e Under sticky retail prices, consumers have no reason to substitute one good for the
other since the prices they face do not change. Suppose the exchange rate depreciates
immediately. Under sticky retail prices the depreciation allows domestic exporters
to earn more in their own currency per unit exported than per unit sold domestically.
They sell their products at the same foreign retail price and convert the revenues
into the home currency at a more favorable exchange rate. Their unit price for
exported goods increases in real terms as well since the domestic consumer prices
do not change. For foreigners, who export to the home country, an increase in the
exchange rate reduces their returns in the foreign currency and in real terms.

As we will see, these differing propagation mechanisms have important implications for
consumption and production abroad and at home. Consequently, the welfare implications
of a money supply increase differ substantially. To highlight these effects more clearly, let
us assume for the rest of this subsection that only the home country expands its money
supply while the foreign money supply stays constant. Since we are mainly interested
in the qualitative differences the explicit calculations are stated in the Appendix A.4
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and A.5. Instead we show the impulse response function under the two forms of price
stickinesses in Figure 1.

The differences in short term consumption rates can be easily understood if we keep
in mind the fact that the nominal interest rate has to be the same in the two countries
to keep the money markets in equilibrium (Lemma 4). This implies that the difference in
short term consumption growth rates must be entirely determined by the difference in the
real money balances given the money demand equations. Under sticky retail prices, home
real money balances change by M" while foreign balances do not change at all because the
consumption price indices do not change. Hence, home consumption goes up by as much
as money and foreign consumption stays constant. In short, all the additional demand
occurs at home. In contrast, under sticky wholesale prices the home price index rises due
to the depreciation of the home currency, which makes imported goods more expensive.
This causes real balances to rise by less that the money supply. That is why home con-
sumption grows less in this scenario than under sticky retail prices. Foreign real money
balances increase because imports become cheaper. Hence, while foreign consumption
stays constant under sticky retail prices, it rises under sticky wholesale prices.

On the production side, there is no substitution between home and foreign produced
goods in either of the two countries in the sticky retail price setting. This means that the
labor input has to increase by equal amounts in both countries. Under sticky wholesale
prices, home goods become cheaper in both countries leading to an increase in home out-
put relative to foreign output.

Under sticky prices, the additional income which is necessary to afford the higher
consumption comes from the reduced deadweight losses mentioned above. Having seen
how production and consumption reacts in the two countries it is obvious that the distri-
bution of the gains depends strongly on the exact type of price stickiness. Under sticky
retail prices the real export revenues per unit increase for home and decrease for for-
eign residents for the reasons mentioned above. This enables home residents to consume
more than their foreign counterparts without working harder. Home residents lend to
the foreign country because their short term income is higher than in the long run. The
opposite is true for foreigners. Under sticky wholesale prices, the relative price of foreign
and home produced goods can change leading to the substitution explained above. Rel-
ative income between home and foreign residents changes due to relative changes in per
unit revenues as well as changes in the quantity adjustments in production. For foreign-
ers the real price of their imports per unit decreases. Hence, their real income resulting
from their production activity, increases. This allows them to participate in the aggre-
gate world efficiency gain. Although home residents earn less in real terms for each unit
exported, their real income rises as well, because of the sharp increase in their production.

The changes in the long run are essentially determined by the short term capital
flows. Because money is neutral in the long run, all real variables only depend on the
bond holdings in the two countries. Under both forms of price stickiness, home citizens
lend money to foreign residents because the home country is always the main benefi-
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ciary in terms of income of the monetary expansion. The effect is stronger under sticky
retail prices than it is under sticky wholesale prices. In the long run the borrowing coun-
try will pay the interest on the short term borrowing. To be less or better off in the
long run has an effect on both labor input and consumption because agents equalize the
marginal utility of leisure and the marginal utility of consumption. Foreign producers
not only work harder to pay the interest but also consume less. Home citizens not only
spend this additional (interest) income on additional consumption but they also work less.

What do these dynamics imply for the change in welfare? Since the impact of a
money supply shock in our model under sticky wholesale prices is the same as the one
in Obstfeld and Rogoff (1996), we find that agents in both countries are equally well off.
Both experience the same welfare gain. However, this is certainly not true under sticky
retail prices. Foreigners always consume weakly less than before but work strictly more.
Thus they must be worse off than they were initially. Home agents fully benefit from the
increased consumer surplus fully. They are better off than in the case of sticky wholesale
prices.

In short, the ‘beggar thy neighbor’ strategy is surely optimal in a setting with sluggish
retail prices.

4.2.2 The Role of the labor Market under Sticky Wages

The effect of wage stickiness on the response of open economies to money supply shocks
crucially depends on the structure of the labor market. We show that, if nominal wages
are sticky, a monetary expansion can have either an expansionary or a contradictory effect
on output.

Obstfeld and Rogoff (1996) consider a labor market which is dominated by trade
unions. Fach trade union represents a certain type of worker and the trade unions com-
pete monopolistically with each other. The labor demand is determined by the production
function of the firms that would like to employ a certain fraction of each type of worker.
Firms are wage-takers, whereas trade unions have some monopolistic power. Note that,
the reaction to an unanticipated money shock of our economy under sticky wholesale
prices is exactly the same as the reaction in the Obstfeld-Rogoff economy with sticky
wages and monopolistic unions.” Therefore in this section we interpret the outcome un-
der sticky wholesale prices as a sticky wage economy, in which workers’ unions have the
market power in the labor market.

The Obstfeld-Rogoff (1996) assumption that the labor market is dominated by mo-
nopolistic trade unions is questionable. In order to provide a contrast to this assumption
and to highlight the importance of the labor market structure we deliberately chose the

" A model with monopolistic trade unions is identical to a model with monopolistic firms. Instead of
firms which restrict the output in order to keep the goods price high, trade unions restrict their labour
supply in order to keep the real wage rate high.
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other extreme. In our setting, firms are monopsonists in the labor market, i.e. they take
into account the fact that the wage rate increases if they demand more labor. Workers
- who are now not represented by trade unions - just take the wage level as given. As
pointed out before, the monoponistic setting is often used in labor economics.

The outcome of an economy with monpsonistic firms and sticky wages is in sharp
contrast to the outcome given monopolistic unions and sticky wages. The scale of the
economy is not demand determined like it is in the case with monopolistic unions but
restricted by the labor supply. The labor demand equation is replaced by an assumption
of fixed wages (w" = w/ = 0). These equations together with Lemma 3 allow us to
analyze the dynamics explicitly. Since we are only interested in the qualitative differences
here, we delegate the detailed Proposition to Appendix A.6. Figure 2 shows the impulse
response functions to an unanticipated positive home money supply shock of consumption
and production at home and abroad and of the terms of trade and the exchange rate. To
highlight the importance of the labor market structure, we plot the impulse responses
under sticky wages given monoponistic labor market and contrasts it with the economy
under sticky wholesale prices - now interpreted as a sticky wage economy where trade
unions set wages.

If firms set wages, increasing the home money supply causes upward price pressure at
home. Due to the stickiness of nominal wages, higher consumer prices result in lower real
wages. Workers substitute consumption for leisure and work fewer hours. The resulting
contraction in the production of home-made products has at least two effects. First, it
reduces the income of home citizens. The interest rate rises because theses citizens try
to borrow from abroad in expectation of higher future income. Second, home products
become more expensive relative to imported foreign products. The exchange rate rises,
as the demand for foreign products and, hence, for foreign currency rises.

Though a high exchange rate should make imported home-produced goods cheaper
abroad, the opposite happens because the price p"(h) skyrockets. The calculations of
the terms of trade highlight this. Consequently, foreign consumers also substitute home-
produced goods with foreign goods. Higher demand for their foreign products and higher
prices for the imported goods increases their price index too. Foreigners reduce their
consumption in favor of more savings and lend a larger amount to the home citizens.
The high real interest rates in period one makes it worthwhile for them to reduce their
consumption but to keep their production constant, even though the real wages decline
abroad too. This short term dynamics is in sharp contrast to the impact of a money
shock under sticky wholesale prices (which we have argued coincides given the dynamics
with monopolistic trade unions). While the world output increases after a positive home
money supply shock if unions set wages, it decreases if it is firms that set wages. And
while the short term capital flow is from the home country to the foreign country in the
former case, capital flows from the foreign country to the home country in the latter case.

Because the short term capital flows in different directions and the real variables in the
long term are solely determined by the countries’ asset positions, the long run differs sub-
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stantially as well. If firms set wages, foreigners will receive interest payments in the form
of home-produced goods from period two onward. Therefore, in the long-run, production
at home has to increase whereas consumption declines. The opposite is true abroad. This
is almost the mirror image to what happens in the long run if unions set the wage. Note
that the monopsonistic labor market setting with sticky wages replicates the empirical
regularity known as the J-curve effect. Empirically it is often found that after an exchange
rate appreciation the trade balance becomes negative for a while before bouncing back
and leading to a long-run trade balance surplus. In period one the exchange rate and the
trade balance are negatively correlated. However the J-curve effect is also often claimed
to be associated with a short term negative correlation between the terms of trade and the
trade balance Backus, Kehoe, and Kydland (1994). In our model even if firms set prices
this correlation is positive because prices overcompensate the nominal depreciation. This
causes the terms of trade to appreciate even though the nominal exchange rate depreci-
ates. In welfare terms, both the home country and the foreign country are worse off after
an unanticipated monetary expansion at home.

To understand why difference in the labor market structure give rise to very different
dynamics, it is important to think about how the money shock affects real and nominal
wages.

The overall impact of a money expansion depends on whether the steady state wage

rate is above or below the wage rate in a world without any labor market distortions.
In the economy with trade unions the real and the nominal wage level is higher than the
non-distortionary wage. We define the non-distortionary nominal wage as the equilibrium
wage that would prevail if there were no imperfections in the labor market and both firms
and workers were wage takers. This wage level is an important benchmark. A positive
money supply shock raises the efficient non-distortionary nominal wage level while the
actual nominal wage is fixed. In the setting with monopolistic unions, the gap between
the paid nominal wage and the non-distortionary wage level, given the increased money
supply, is reduced for one period. This leads to a more efficient outcome with higher
output.

In contrast to the setting with unions the steady state nominal wage in a monopson-
istic labor market is too low in comparison to the non-distortionary wage level defined
above. A positive money supply shock increases the non-distortionary efficient wage level.
Yet the nominal wage remains the same due to nominal wage stickiness. In other words,
the gap between the wage level actually paid in the economy and the non-distortionary
wage level widens. Consequently, output shrinks. This is the exact opposite effect to the
one obtained in a setting where the labor market is dominated by trade unions.

Instead of looking at ‘nominal wages relative to total money supply, the difference
between both settings can also be illustrated using the real shadow price of leisure.
This shadow price reflects the marginal unit of consumption necessary to compensate
the worker for an additional marginal disutility of labor. In a world without labor mar-
kets imperfections, this shadow price would coincide with the real wage rate. In a setting
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with trade unions, the real wage is higher than the non-distortionary shadow real wage.
A positive monetary shock increases the price of consumption, while the nominal wage is
fixed. Thus it lowers the real wage, moving it closer to the non-distortionary level. This
leads the economy closer to the efficient level, to more production and higher welfare.
On the other hand, in an economy where firms are monopsonists, the real shadow price
of labor coincides with the real wage and is lower than the non-distortionary wage. A
positive monetary shock again raises the price of consumption and leads to lower real
wages. Since the real wage was already too low, the economy moves even further away
from the non-distortionary level and output contracts.

This discussion highlights the point that in any labor market setting, the effect of a
money supply shock on output depends crucially on whether the steady state real wage
rate is above or below the non-distortionary wage rate.

5 Conclusion

The main message of this paper is that the form of price stickiness matters. Given the
empirical regularities like the violation of PPP in the short-run and of the uncovered in-
terest rate parity (UIP) etc., it seems plausible that the stickiness of retail prices is very
important. Retail price stickiness leads to large spillover effects and reinstates the “beg-
gar thy neighbor” policy. This analysis also provides an argument for an international
coordination of monetary policy to prevent monetary authorities from getting into a race
of competitive devaluations. In our setting, sticky retail prices also lead to exchange
rate overshooting even though the UIP is violated. Therefore, it provides a qualitatively
different explanation of exchange rate overshooting than Dornbusch (1976). This paper
also illustrates the point that the effect of a monetary expansion on the world economy
depends crucially on the structure of the labor market if wages are sticky. While there is
widespread agreement that firms enjoy monopolistic power in the goods market, there is
much less agreement on how to model the labor market.

Some extensions are left for future research. It would be interesting to extend the
analysis to a setting where monetary shocks occur with positive probabilities. An anal-
ysis along the lines of Obstfeld and Rogoff (1999) seems promising. Interesting insights
might also emerge from an analysis of asymmetric forms of price stickiness, such as when
wholesale prices are sticky in the home country while abroad retail prices do not adjust.
Introducing productivity shocks bundled with a certain form of price stickiness might lead
to slightly different results, especially when monetary policy lags the productivity shocks.
Another worthwhile extension would be to find an appropriate empirical test that allows
us to discriminate between different forms of price stickiness and to empirically estimate
their relative importance. But these are all tasks for the future.
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A Appendix A

A.1 Proof of Proposition 2

Let us assume that labor and consumption are identical in the two countries. The con-
sumption Euler equation as usual determines the real interest rate
r=20.
The budget constraint in the symmetric steady state is given by
Ch — phglh) Lhhy Epfh(h) 123
Since the no arbitrage condition holds, it simplifies to
Ch — phglh) 13
The labor market equilibrium and the world goods market equilibrium imply
L4 M =[h=L =L/ 4 L/"
and
L LR — oh = 0f = LI 4
The last two equations imply that
nL" = (1 —n)L'™,
Since the capital account is balanced by assumption the current account has to be balanced
nLM Ep! () — (1 — n)L™"(f) =0,
which implies that the terms of trade are zero
p(h) = p'(f)E = 0.
This implies for the price index that
p"=p"(h).
The labor supply equation together with the markup formula and the budget constraint
implies the scale of production

h_ [11p—1 _
L=\ /i3t =1L".
The money demand equation is given by
h— MM 16
— x Lh1+6
Dividing this by the foreign equivalent leads to
) Ay (O V
T opf T o) T M

hf
Tl

A.2 Proof of Proposition 3

Taking the differences of the linearized equations of home and foreign variables allows us
to write these as a function of the exogenous wealth transfer dB.
oh = F_a/_ 11 s as
lp—E—p =w —E —memﬁ—g,

2.C -0 =be_1 s
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Adding the labor supply functions weighted by the country size and using the price
levels leads to

ow =h =f =h =f =w
L ==nL +(1-n)L =-—nC —(1—-n)C =-C .

Since world productlon and world consumption has to be equal it follows that
~w

I =C =o.
The changes of consumption and labor are derived from

~h ~w ~h ~f
T =T +(1-n)@ ~T)=tw1ean

2pn1+66h’
O Y R
—T 4+ (1 m)( )= -3,

A.3 Proof for Short-term World Changes

Adding the consumption Euler equations weighted by the country size leads to
G = -7
Calculate the world long-term and short term money demand functions
MY :=nM"+ (1 —n)M! = c + np +(1—n)p (long term),
MY+ 1 (np +(1- n)pf) —Cv = (%) (np" + (1 —n)p’) — 1—;6 (short-term).
Substltutmg the long-term relationship into the short-term one leads to
(554) e — e = (552) (" + (1 = n)p') — 5.

This relationship can be used to determine the short-term growth rates of world con-
sumption in the three cases.
e sticky wages
Use the labor supply to replace the short-term price changes
6+1 Srw Aw 6+1 Aw T w cw
(52 b — v = (28 (v - 1) + 5,
and finally since Cw =L,
Cv = —Mv.
e sticky retail prices
retail prices do not change in the short-term, hence
6+1 w
(&) M —Cv =< or
Cv = M™.
e sticky wholesale prices
6 Srw Aw 6
(551) M — O = (58) (np" + (1= m)pf) + 5,
and, hence, again
Cv = M™.
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A.4 Dynamics under Sticky Retail Prices

Proposition 6 Under sticky retail prices, money supply shocks give rise to an endogenous
change in international net bond holdings given by

% — Z(ﬁgzr)’?n(l —n) [Mh — Mf}

Changes in each country’s consumption, production, erchange rates and terms of trade
are given by

e in the short-run

Ch = M",

L' = MY = nM" + (1 — n) M/,
k= (1 + s ) [Mh Mf}’

O [Mh —Mf},
P = (1+5) Mw

e in the long-run

=h - -

C =(1-n) [Mh—Mf},

=h ~ b o

L = —gy(1—n) |81 = 17,

E—o,

=h = of =h =f v v
P -E-F () =5 () -7 () = o |ar - 2],

~h ~ ~ - ~
AN O [Mh—Mf},
+p

P =nM"+ (1 —n)M/.

Proof. We first subtract the foreign short-term equilibrium equations from their home
counterparts using Lemma 3. We do not impose sticky retail prices at this stage because
we will use these equations in the proofs for sticky wholesale prices and sticky wages.
Therefore, we have

(ﬁh - if) = =0 [(" = #) + (¢ (1) ~ ()] (demana),

( ) ( ) + ﬁﬁ% = [— P"(f) +13f(h) + EA} (budget constraint),

(Mh M ) (p — pf) (C’h Cf) @h —P ) + %(ﬁh — p’) (money demand),
h ~F

(Ch ) (C - C ) (consumption Euler equation),

(p —pf) =— (C Cf) ( Lf) + (w — wf) (labor supply).

Additionally we need the difference between the long-term budget constraints and the

long-term money demand equations for the reasons outlined in section 4. We use the fact
that PPP always holds in the long-run (Lemma 1). Thus,
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~h ~f ~h =~f 1 s dB ~h = ~f .
C -C )=\l -L | —qisyresar = [—p (f)+ E+7p (h)| (budget constraint),

~ ~h

(]\Zlh—Mf)—E:(é —6f>(mone d d
y demand),

=h =

L —L > = —p [_ﬁh(f) +E —{—ﬁf(h)} (long-term demand).
Under the sticky retail price scenario, we know from the proof of Proposition 5 that

the exchange rate does not change in the long-run (E = 0). From the long-run money
demand equation and the consumption Euler equation, we conclude that the change in
both periods consumption is proportional to the change in the money supply
=h =f A ~ N ~
C -C ) = (¢r—cr) = (= 1),
Substituting this last equation and the long-run demand equation into the long-run
budget constraint we arrive at
~ ~ =~h = of
(3" = 81) - s = (1= ) [F (N + BT ().
Using the expression for the long-term change in the terms of trade that is given in
Proposition 3, we can derive the change in net international bond holdings.

% = iq(iz)?n(l —n) (Mh - Mf).

Substituting this equation into the equations of Proposition 3 we can calculate all the
long-run changes of the variables.

For the differences in the short-run, we see from the short-term demand function that
under sticky retail prices their is no substitution between foreign and home goods. Thus,

(ﬁh — Lt ) —0.

Using the relative short-term changes in consumption, price levels and production it
is easy to see from the labor supply that

(@ —af) = (¥ — 3 ).

We can now derive the short-term change in the exchange rate given the short-term
budget constraint .

Having derived the differences in short-run changes abroad and at home we use the
change in world aggregates, given by Appendix A.3 to calculate the changes in the indi-
vidual countries. The methodology is the same as in the proof of Proposition 3.l

A.5 Dynamics under Sticky Wholesale Prices

Proposition 7 Under sticky wholesale prices money supply shocks give rise to an en-

dogenous change in international net bond holdings given by

dB _ 2(p—1)(1+9) Th 2

C'_g = W?’L(l — n) |:M — Mfi| .
Changes in each country’s consumption, production, exchange rates and terms of trade
are given by

e in the short- run
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i _PLOp 1) +2n] = (L=n)[(L+p)0] o (v 27+ (p+1)8 s
“= Pt Do+ 2 M oG ns g M
in_plolp+1)+2n]+ (1 —n) 207 -, 2(p—1) »
P s M e M

>1 <0

A~

S sorDa2 [vpn ]
E = i) [M M } =E,

p'(h) — E—p'(f) = —E,

sh_ B apf — 202+ D)+ (=18 | yrh _ yrf
W — B —f = 2kt (N — 3,

Gw— fw =y,
~ 1+6 rw
P=—(50) M,

e in the long-run

~h
=1 —1)s ’ ’
¢ = #(/)(5-1)6)—‘,—2(1_”) [Mh_Mf}

= (p—1)6 rh Y
L =—genl—n) [M - Mf} g

=h & _=af ~h = ~f _ N R
[p(h)—E—p (f)}:[w _E_w}:%[Mh—Mf},
=

(p+1)6+2p th _ Arfl — R
(p<<p+1>6+2>) [M M } =B,

~w

C =T —o.

Proof. We again use the differences of the short and long-run changes derived at the
beginning of the proof for sticky retail prices. Under sticky wholesale prices, we can
make use of the results that PPP also holds in the short-run and that the exchange rate

immediately reaches its long-term value (E = E).
Substituting the goods and money demand equation into the budget constraint, both
for the long and short-run we derive

(Mh _ Mf) —E=(p—1)E— ﬁﬁd@—? (short-term budget),
(Mh - Mf) - E= 1;—/)’)”(11_”)%53—? (long-term).
From these two equations we derive the change in the international bond holdings and

the change in the exchange rate.

i 0(p+1)+2p Th _ Arf
£= (p<<1+p>6+2>) [M M }

2 — 2o n(1—n) [Mh - Mf} (1+6).
Just like in the sticky retail price scenario we can derive all the long-run changes using
Proposition 3.
We can derive the short-term difference in production from the short-term demand

equation using the expression for the exchange rate. Thus,
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Th _ 7f — (8etD+2p rh _ Arf
L= LS = (S [t — 1.

The short-term difference in consumption can then be read from the short-term budget
constraint. ,

h_Of — (=1 rh— Nt

C"— 0" = (i) [ M1 — 217,

Finally, the relative change in wages can be calculated using the labor supply equation.

sho_ fo_onf — (202061 D)48(0=1) ) | yrh _ gt
it — B -l = (D) (N - i),

Having derived the differences in short-run changes abroad and at home, we use the
change in world aggregates, given by Appendix A.3 to calculate the changes in the indi-
vidual countries. The methodology is the same as in the proof of Proposition 3.0

A.6 Dynamics under Sticky Wages with Monopsonistic Firms

Proposition 8 Under sticky wages money supply shocks give rise to an endogenous
change in international net bond holdings given by

e e

Changes in each country’s consumption, production, exchange rates and terms of trade
are given by

e in the short- run

éh:—<n+(1—n)”_1 GhL )Mh—(l—n)<1—p_1 lp+1)o >Mf,

. p (p+1é+2) " p (pt1)é+2)
<0 <0
Lh__Mh
A —1_(p+1)é h it
- (1) i -] =
h Y Y — 1 |fh Vii
B'(h) = B =PI () = & [ A" — 2|

N - N —1 +1)6 Y
it = B —af = (14 5t gkly) |4 — ],

~ 6 w
= ()
e in the long-run
=h p—1 (p+1)6 th Nrf
C = el et () [M M }
~h
7 — _(p=1)§ Y Y
L = s (1 —n) [N — 3|,
T _ —1_(p+1)6 T Nt = B
E= (1+p7(p+1)6+2) [M _Mf} =L,
=h = of =~h = = — ~ 9
P -E-F (] = [ -E-| = -l | - a1,
L =C =0
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Proof. We again use the differences in short-term changes that have been derived at
the beginning of the proof for changes under sticky retail prices. Just like under sticky
wholesale prices, we can make use of the facts that PPP holds in the short-run and that
the exchange rate does not overshoot (Proposition 5). The crucial difference under sticky
wages is that the scale of production is determined by the labor supply rather than by
the demand.
Using the differences in the long-run money demand equation and the short-run labor
supply equations, we can derive the short-term change in labor. Thus,
(30— 1) = [~ ) + B = - (i 7).
The short-run terms of trade change can be read from the difference in the short-term
goods demand equation. Thus,
Mt = M) = p () = E = 5/()).
The difference between the two short-term budget constraints leads to
(€)= i )bt
The difference between the long-run budget constraints can be written as
=h =f

S\ _ 14 1 5 oaB
C c T 20 n(l-n) 146 2

We derive the change in the bond holdings and the change in consumption, by substi-
tuting the last two equations into each other. Thus,

a8 _ _2p-0048) g _ ) [Mh _ Mf})

cy T (+p)s+2
=h =f N N
_ -1 1 h
O =T == (Stsgso) a1t — 1.

Just like in the sticky price scenarios, the long-term changes can now be calculated
using Proposition 3.

The change in the exchange rate can be read from the long-run money demand equation
using the change in consumption. It is

E = (1+ 5 sps) |00 - a1 ],
+1
Having derived the differences in short-run changes abroad and at home, we use the
change in world aggregates, given by Appendix A.3 to calculate the changes in the indi-

vidual countries. The methodology is the same as in the proof of Proposition 3.0
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