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ITHAKA
As you set out for Ithaka, hope your road is a long one,
full of adventure, full of discovery.
Laistrygonians, Cyclops, angry Poseidon-don’t be afraid of them:
you’ll never find things like that on your way
as long as you keep your thoughts raised high,
as long as a rare excitement stirs your spirit and your body.
Laistrygonians, Cyclops, wild Poseidon-you won't encounter them
unless you bring them along inside your soul,
unless your soul sets them up in front of you.
Hope your road is a long one.
May there be many summer mornings when, with what pleasure, what joy,
you enter harbors you’re seeing for the first time;
may you stop at Phoenician trading stations
to buy fine things, mother of pearl and coral, amber and ebony,
sensual perfume of every kind - as many sensual perfumes as you can;
and may you visit many Egyptian cities
to learn and go on learning from their scholars.
Keep Ithaka always in your mind.
Arriving there is what you’re destined for.
But don’t hurry the journey at all.
Better if it lasts for years,
so you are old by the time you reach the island,
wealthy with all you’ve gained on the way,
not expecting Ithaka to make you rich.
Ithaka gave you the marvellous journey.
Without her you wouldn’t have set out.
She has nothing left to give you now.
And if you find her poor, Ithaka won’t have fooled you.
Wise as you will have become, so full of experience,
you’ll have understood by then what these Ithakas mean.

Constantinos Cavafis
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Chapter 1

Introduction

The thesis consists of three chapters:

Chapter 2 investigates, in the context of a two-country model with monopolis-
tic competition and price stickiness, the implications for macroeconomic stability
and the welfare properties of three distinct kinds of monetary policy arrangements:
(a)cooperative, (b) noncooperative and (c) monetary union. The cooperative first
best can be achieved if domestic inflation is set equal to zero in both countries at
all times. In the non cooperative equilibrium welfare is not maximized due to the
presence of beggar-thy-neighbor policies with the costs of non-cooperation increasing
with the degree of openness of the economy. A monetary union is welfare-improving
relative to non cooperation only for countries that have strong trading links.

In chapter 3 (co-authored with Katharine Neiss), we investigate the propagation
mechanism of monetary shocks in an otherwise standard sticky price model, modified
to incorporate factor hoarding in the form of variable capital utilisation rates and
labour effort. In contrast, to previous studies, we find that real effects of monetary
shocks can be generated at relatively low degrees of nominal rigidities. Factor hoard-
ing enriches the propagation mechanism, by flattening the marginal cost responses
to monetary shocks. The assumption of labour hoarding is crucial for generating
persistence, while the assumption of variable capital utilisation allows us to generate
realistic investment volatility without having to introduce capital adjustment costs.

Finally, Chapter 4 investigates whether monetary policy in a currency area should
stabilize an aggregate of inflation and output or whether it should take into account
the dispersion of these variables across regions when the currency area is character-
ized by asymmetric shocks across regions and when participation constraints define
the set of feasible policies. We find that even if the two regions are idehtical, asym-
metric shocks might create asymmetric responses of regional variables. Participation
constraints introduce a trade-off between efficiency and incentives in settings with

lack of a strong enforcement technology. In order to deal with incentive problems the
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central bank has to manipulate the future consumption paths by adopting a more

expansionary policy with respect to regional productivity shocks.



Chapter 2

Should the ECB and the FED Cooperate?
Optimal Monetary Policy in a Two-Country World:

1 Introduction

The implementation of the European Monetary Union has changed the way macroe-
conomic policy has been conducted within and outside Europe. The establishment
of a common currency and a common central bank has in fact created a new ma-
jor contender to the United States and Japan in the world monetary avenue. One
question of crucial importance for developments in the world economy is whether the
central banks of these three groups should cooperate or not in pursuing stabilization
policies. The main purpose of this paper is to study different types of international
monetary policy arrangements and to investigate how the first best solution can be
implemented.

I use a two-country model where each country is specialized in the production of
a bundle of differentiated goods, the production is monopolistically competitive and
_ prices are staggered. I study the welfare properties and the implications for macroe-
conomic stability of three types of international monetary policy arrangements: (a)
cooperative, (b) non-cooperative and (c) monetary union. Here, monetary policy
non-cooperation occurs when each policymaker maximizes the utility of the domestic
consumers taking as given the foreign policy variables. Cooperation in the conduct
of monetary policy is modelled by assigning the conduct of monetary policy into
a ”supranational institution” that maximizes the average utility of both countries
consumers. Finally, monetary union is modeled in the same way, but with the addi-

tional constraint that exchange rates have to be fixed. I simulate the model under

11 would like to thank Jordi Gali for invaluable advice and Fabio Canova and Morten Ravn for

many useful discussions.
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these three different assumptions and perform welfare comparisons. In the discussion
I set aside time-consistency issues; i.e., the policies I am analyzing are policies under
commitment. The decision maker in each case cannot ignore past commitments and
thus the policies analyzed are not in general time consistent in the sense discussed
by Kydland and Prescott (1977).

The question of whether central banks should coordinate their monetary policy
actions is not new. Many authors in the past have analyzed similar issues. Hamada
(1974) studies the independent and strategic nature of monetary policies in an n-
country game under fixed exchange rates and where each monetary authority decides
on its credit expansion to maximize its objective function. He shows that the non
cooperative solution does not generally lie in the Pareto frontier. Under some specific
assumptions about the creation of international reserves and preferences of balances
of payments, he concludes that the non cooperative solution might lead to inflation-
ary pressures. In another paper on international policy coordination Oudiz and Sachs
(1984) study the trade off between coordination and policy competition in a dynamic
setting. they study both policies under commitment and discretion. The non cooper-
ative equilibrium is associated with losses due to the presence of beggar-thy-neighbor
policies. Cooperation may be useful in moving the countries to the efficient equi-
librium. Moreover tliey show that policies under commitment yield higher level of
social welfare than discretionary policies. On the other hand, Rogoff (1985) suggests
that cooperation between central banks maybe suboptimal if there is no cooperation
between the authorities and private agents.

Recently several authors have devoted time to the development and the evaluation
of monetary models that bring imperfect competition and nominal rigidities into basic
dynamic general equilibrium models. Since Obstfeld and Rogoff (1995) applications
to open economy issues have focused to a large extent to revisiting the economics
of international monetary policy interdependence. Corsetti and Pesenti (1997) carry
out a welfare analysis of international monetary and fiscal policy interdependence in
a model where the terms of trade play a central role in the process of adjustment to
external shocks. Benigno (1998) building on the analysis of the latter, considers two
countries of unequal size and the inherent conflict between monopolistic distortions
and externalities on the terms of trade. He finds that in the cooperative solution, the

smaller country is pushed to the competitive output level, while the larger country
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retains some monopoly power in order to preserve its terms of trade.

This paper is constructed around the, by now, standard stochastic general equi-
librium two country model with imperfect competition and price rigidities which
allows for the welfare evaluations of different policies. The objective function of the
central bank is derived by approximating the expected discounted utility function of
the representative consumer with a second order Taylor expansion. Rotemberg and
Woodford (1998) have first derived this objective for a closed economy. In the current
research, I show that in an open economy this objective includes in addition to in-
flation and output gap variability, the variability of the terms of trade gap. Relative
prices enter the welfare criterion because they play a crucial role in the transmission
of foreign shocks when there is no international price discrimination. The concern
about optimal reallocation of resources between the two economies translates in an
objective of the Central Bank which includes the variability and the expected value
of the terms of trade gap (see also Benigno (1999) for the case of no home-bias in
consumption).

By construction the cooperative solution is "the best”. Non cooperative policy-
making is Pareto inefficient because of the presence of beggar-thy-neighbor policies.
In the non-cooperative solution the policymakers have incentives to deviate from the
flexible price allocation. Each policymaker can use the terms of trade as a tool to
export inflation abroad. The equilibrium is characterized by low variability of the
nominal exchange rate and inefficient movements of relative prices. When the two
countries are almost autarchic foreign prices affect very little domestic inflation and
the inefficient movement of relative prices affects very little domestic variables. For
that reason, the costs of non-cooperation are small for economies that are nearly
closed.

Monetary Union is welfare improving compared to the non cooperative equilib-
rium, as long as the two economies are highly open to trade and are characterized
by low degrees of nominal rigidities. For a small degree of openness of the economy,
the distortions associated with the inertia of the terms of trade dominate the gains
of coordination inside the union and the countries are better off conducting their
monetary policy independently. Also, the costs from fixing the nominal exchange
rate are an increasing function of the degree of nominal rigidities.

Optimal monetary policy in a two-country world is achieved by setting domestic
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inflation equal to zero in both countries at all times. The cooperative first best
can be approximated with an interest rate rule that has very strong feedback from
domestic inflation only. In practise, such a drastic response of the nominal interest
rate to changes in inflation is not reasonable. However, under plausible values for the
coefficient in inflation, a Taylor rule can approximate the optimal solution. Moreover,
it reduces the welfare losses associated with the non-cooperative and the monetary
union solutions for high degrees of openness of the economies.

Finally, given the small degree of openness for the European and the US economies,
the model predicts that the gains from cooperation are small and cooperative and
non-cooperative optimal policies are almost equivalent.

The paper is organized as follows. The next section describes the reduced form
model. Section 3 presents the optimal monetary policy for each of the three policy
regimes and offers welfare comparisons between the different regimes. Section 4
considers the form of interest rate feedback rule that can approximate the optimal
dynamic responses to shocks. Finally, the last section contains concluding remarks
and possible extensions for future research. In the Appendices I collect a brief outline-

of the model and the technical derivations of various relationships used in the paper.

2 The Reduced-Form Model

The economy consists of two countries. Each country is populated by identical,
infinitely lived agents. Each agent produces a single differentiated good and consumes
the goods produced in both economies. Agents derive utility from consuming an index
of consumption goods and disutility from supplying output. Households maximize
the expected discounted value of their utility flow.

I assume that the production units are imperfectly competitive and at each point
in time, each domestic producer is allowed to reset its price with a constant proba-
bility, independently of the time elapsed since the last adjustment. There are shocks
to the production of the differentiated goods at home and abroad. Producers face
domestic and foreign demand for their product, but do not engage in international
price discrimination.

I assume that capital markets are complete?. That is, agents can fully share both

? Although there are some reasonable instances where the wealth effects from market incomplete-
ness are very small (Cole and Obstfeld (1991) and Chari et al. (1996)), the assumption of complete
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the idiosyncratic risk linked to the randomness in the pricing technology and the risk
from country specific productivity shocks.

In this section, I describe the reduced form of the economy in its log-linear form.
A brief outline of the structural model is contained in Appendix 1, while details
of the derivation of the following conditions are contained in Appendix 2 . Lower
case variables denote the percentage deviations from respective steady state values
and variables with stars denote foreign variables. ¢, denotes home consumption,
R; is the domestic nomina) interest rate , mg: is domestic inflation (where mg; =
pHt — PHt-1) and s; is the terms of trade defined as the ratio of foreign to domestic
prices. Finally, ¢} and s} denote the flexible price level of consumption and terms
of trade respectively. I only present the equations for the home country since the
equations for the foreign country are analogous.

The aggregate demand of the economy is characterized by the following conditions:

1~ o'
et = Eyepy1 — ;Rz — EtTgy41) + ;Et{A3t+1} (1)

(B — mrenr) — (B — 7heq1) = BefAsern} ()
The aggregate supply is characterized by:
Tt = BEsmher1 + ke(ce — ¢F) + ks(st — st) (3)
ka(1+wnf14+ =22 )y

where k. = k(Z52), k, = 1o k= lEl—'}i(l —4f) and o is the intertem-

poral elasticity of substitution, 7 is the elasticity of substitution between foreign and

domestic goods, # is the elasticity of substitution among differentiated goods pro-
duced within the country, « is the degree of openness of the economy, w is the inverse
of the elasticity of labor supply, and 1 — v is the probability that a monopolistic
producer faces for resetting her price. The last two terms in (3) are proportional to
the real marginal costs of the domestic producers.

Finally the ezogenous stochastic processes for the productivity shocks are assumed

an AR(1) process:

§v1=T& + et (4)

international financial markets is necessary in my analysis, since the welfare criterion I use cannot

account for wealth effects at all.
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where &, = [z, 2}], Eiet41 = 0, Eiese, = D.

Equation (1) is derived from the first order condition for the representative house-
hold in the home country. It states that aggregate demand depends on expectations
of future monetary policy as well as expectations for domestic inflation. In a closed
economy context the last term is absent from the aggregate demand equation. In
contrast, in an open economy framework, expectations for changes in the terms of
trade affect domestic demand. Equation (2) is the real interest parity condition re-
lating the movements of the real interest rate differential to the expected variations
in the relative prices.

Equation (3) is the implied aggregate supply relation. The typical starting point
for the derivation of equation (3) is the environment of monopolistically competi-
tive firms that face a constraint on price adjustments. The constraint is that in any
given period each firm has a fixed probability 1 — 7 of changing its price and, hence,
a probability v of keeping its price unchanged. Using the partial adjustment pric-
ing assumption and the optimal price setting for the firms that receive a signal for
changing their price and loglinearizing around steady state yields equation (3). In
this equation domestic inflation rate depends on the expectations of future price set-
ting behavior and on the deviations of the terms of trade and domestic consumption

from their potential. The latter are defined as:

1-

R Y s wan(l + g—f—a)] 2
“ w+o ¢ w+o t
sy wonll + g%l] ¢z — 2})

g 14w o

where cf and s} are the level of consumption and terms of trade that would prevail
if prices were worldwide flexible.

If monopolistic distortions are neutralized, the flexible price equilibrium is the
efficient outcome. In the absence of nominal distortions, monetary policy has no
effects in real variables and these variables are only affected by domestic and foreign
real disturbances. Under flexible prices, a positive productivity shock, independently
of its origin increases domestic consumption. The terms of trade are affected by
the relative size of the two productivity shocks. In the flexible price allocation any
changes in productivity should be accommodated by changes in relative prices. For
example an increase in productivity in the home country is off set in equilibrium by

a depreciation of the terms of trade which works as an insurance for the consumers
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of the foreign country which did not experience a productivity shock.

Under flexible prices the international transmission of country specific productiv-
ity shocks depends on the elasticity of substitution between home and foreign goods,
7, the intentemporal elasticity of substitution, ¢, and the degree of openness of the
economy, o. A positive productivity shock at home decreases the relative price of
domestically produced goods and thus increases the demand for domestic goods at
home and abroad. Both domestic and foreign consumers substitute foreign for domes-
tic goods, depending on 7;. At the same time, domestic consumers’ income increases
and domestic demand for both foreign and domestic goods increase, depending on
0. Abroad, on the one hand, the decrease in demand for foreign goods decreases de-
mand for foreign output , but on the other hand, the domestic income effect increases
demand for foreign output. The reaction of foreign output depends on the relative
strength of the income and the substitution effects and on the degree of openness of
the economy.

According to equation (3), the domestic inflation rates depend on the path of real
marginal costs wherc the real marginal costs are decomposed in two components,
the consumption gap and the deviations of the terms of trade from its potential.
The terms of trade affect domestic inflation because they affect indirectly the real
marginal costs. Although producers set domestic prices when they minimize costs
they discount wages with CPI prices. With no international price discrimination
CPI prices are directly affected by changes in relative prices. Also, as the economy
becomes autarchic relative prices affect less domestic inflation (ks — 0 as o — 0)

In summary the economy is characterized by the aggregate supply equations at
home and abroad (3), the domestic and foreign aggregate demand equations (1), the
real interest parity (2), and the law of motion for the exogenous variables: domestic
and foreign productivity shocks (5). Finally, to fully characterize the economy we

should characterize the way monetary policy is conducted.

3 Optimal Monetary Policy

In the following analysis I focus on the role of monetary policy as a stabilization pol-
icy. The equilibrium of the described economy is suboptimal because of the market
power distortion and the presence of nominal rigidities. I assume that employment is

subsidized in equilibrium so as to neutralize the monopolistic competition distortion. -
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As we shall see later this comes with a cost. The complete elimination of the monop-
olistic distortions may conflict with the strategic use of the terms of trade. In the
absence of monopolistic distortions in the non cooperative equilibrium each central
bank has an incentive to deviate from the flexible price allocation. Each country may
gain by contracting inflation.

Moreover, I assume that the liquidity services of money are very small. By doing
so, I eliminate the monetary distortion that would pull optimal policy towards the
Friedman rule. In general, when prices are flexible and the monopolistic distortion is
neutralized the equilibrium allocation is efficient. Thus, the objective of the (global)
social planner should be to fully neutralize the effects of nominal rigidities and restore
the flexible price allocation.

Optimal monetary policy entails the optimization of a social objective function,
given the aggregate constraints in the economy. A natural welfare criterion that
allows an evaluation of the losses associated with the distortions in the economy is
the discounted sum of the utility flows of the households. This criterion has been
introduced by Rotemberg and Woodford(1997) for a closed economy. The central
bank’s objective in an open economy is different because variations in the relative
prices affect differently production across countries. A central bank which is con- .
cerned about the optimal reallocation of resources will tolerate changes in the terms
of trade that match changes in the flexible-price rate of relative prices. In appendix
3 I show that for an open economy the average utility of the representative consumer
in each country can be approximated by the objective:

Wi = Eo {@tfoﬂtf;;;} for i = H,F
with L = {(se — 7) + ¢elcr — )2 + 7, + (st = 7)) )
and Lf = {~¢5(st — s7) + ¢e(cf — cf™) + Thy + s(st — 57)%}

where ®, ¢, ¢ and ¢5 depend on the structural parameters of the model3.

In order for the central bank to replicate the flexible price allocation it should
close the gaps of consumption and the terms of trade. That policy implies from
equation (3) zero domestic inflation and constant prices for each individual firm.

For that reason, the social planner seeks to minimize the weighted average of these

3 oA (1= (1=8) 2mali+3=20)y)
where: & = —1/2ucC o 0(1 +0w), ¢5 = L0000 I
de = 1-N(1-6) otw ¢s = (1-v)(1—%6) a[1+wn[1+‘1—_f—“z]l
e = ~6 T+6w? s = 0 (1+6w)
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gaps and the variability of domestic inflation. The weights depend on structural
parameters of the model such as, the degree of nominal rigidity (which determines
the size of the sticky price distortion) the intentemporal elasticity of substitution and
the elasticity of substitution between home goods (which is associated with the losses
from the inefficient movements in consumption) and the elasticity of substitution
between home and foreign goods and the degree of openness (which are related with
the distortion from the inefficient movements of relative prices).

The welfare criterion in (6) looks very similar to the social objective function
used by Rotemberg and Woodford (1998) (and extended by Benigno (1999b)). The
major difference lies in the presence of the terms concerning the variability and the
expected value of the terms of trade gap*. Monetary policy should try to minimize
the variability of the deviations of the terms of trade from its natural rate, in order to
achieve the optimal allocation of resources when the economy experiences asymmetric
shocks. In the limit, when the two countries are economically independent, @ — 0,
¢s — 0, since there is almost no reallocation of resources across countries. The
difference between the criterion offered in (6) and the ones offered by Benigno (1999)
and Benigno-Benigno (2001) lies in the assumption on preferences for consumption.
The latter authors assume no home bias in consumption and unitary elasticity be-
tween home and foreign goods. As it was first highlighted in Corsetti and Pesenti
(1997) under such assumptions perfect risk sharing in consumption is guaranteed and
purchasing power parity holds. Under the more general assumptions for consumption
preferences adopted in the present framework purchasing power parity does not hold
and despite the presencé of complete financial markets it is not efficient to equalize
consumption rates across countries. Since PPP does not hold, the weight of the social
objective on the terms of trade deviations from their natural rate is different’.

Using the national central banks’ objective forms I will analyze the properties of
the equilibrium under alternative hypotheses regarding the way monetary policy is

conducted. I will consider three alternatives: (a) Cooperative, (b) Non-cooperative

4Also, in Rotemberg and Woodford (1998) it is the output gap rather than the consumption gap
that enters the welfare criterion. This is because in a closed economy, in the absence of capital,
output is equal to domestic consumption and they can both be used interchangeably in the welfare
criterion. However, in an open economy output is equal to a weighted average of domestic and foreign

consumption.
5Note that if one sets a = 0.5 and 77 = 1 the weights of the social welfare function collapse to the

ones used in the welfare criterion in Benigno (1999) for a monetary union.
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monetary policy and (c) Monetary union.

In the following analysis, I assume that the policymakers can choose the entire
future (state contingent) evolutions of the control variables, once and for all, at
date zero. In other words, I am only considering optimal monetary policy under
commitment on the part of the policymaker. The assumption of commitment is
important, since the private sector expectations about the evolution of prices affect
the forward looking terms in equations (1) - (5). In general, the optimal plan is not
time consistent, but it delivers a better outcome than a time-consistent plan that
results from optimization under discretion. Woodford (1999) comparing the optimal
plan to the time consistent plan under discretion, for a similar framework shows that
discretionary optimization is suboptimal for stabilizing the economy (see also Oudiz

and Sachs (1984)).

4 Calibration

Because, the problems of the central bankers under the different policy regimes do
not have closed form solutions, I have resorted to simulations to compare the welfare
outcomes of different policy regimes. To conduct simulations I have calibrated the -
parameters of the model using the United States and Europe as follows. In the
benchmark case, the two countries are assumed to be symmetric and time is taken
to be quarters. Table 1 provides a summary of the various parameter values used in

the simulations of the benchmark economy®.

®In the literature of new open economy macroeconomics (see, Lane (1998) for a review) the
assurmed value of o = 1/6. Following Backus et al.(1992) I set ¢ = 1/2. I do not follow Rotemberg
and Woodford (1997) in calibrating the value of the inverse of the labor supply elasticity (w = 0.4633),
since it implies a very elastic labor supply. However, performing simulations using these values do

not change the results on the trade off between the three international policy arrangements.
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Table 1: Benchmark Parameter values
Parameter | Description Value
B Discount factor 10377
1/c Constant of Relative Risk Aversion Y
n Elasticity of substitution between home 1.0
and foreign goods
6/0-1 Gross steady state mark-up 1.2
1-o Home bias in consumption 0.85
1/® Elasticity of labor supply 0.3
Y Probability that a firm will be unable to 0.75
change its price
Technolo 906 .088
shocksgy = {088 .906}’ and var(z)=var(z)=0.00852 Corr(z,z%)= 258

I set the discount factor 8 = 1.03~1/4, so as the annual real interest rate equals
4%. Following Backus, Kehoe and Kydland (1992), I set the intertemporal elasticity
of substitution ¢ = 2. The elasticity of substitution between home and foreign goods
is estimated between [1,2] (Chari et al. (1998)). I set n=1.

The parameter §, the elasticity of substitution among differentiated goods is set
equal to 6. Since in the steady state 6 equals the mark-up of prices over marginal
costs, this value implies a mark-up of 20%.

I set the elasticity of labor supply equal to 0.3. The degree of price stickiness,
measured by the parameter ~, is set equal to 0.75, which implies that the average
frequency of price adjustments is four quarters.

To set a, note that in the symmetric steady state @ = Cp/Cp, the share of
imported to domestic goods. The value of this parameter does not differ significantly
for Europe and the US. According to Chari et al. (1998) imports from Europe to US
are roughly 2.0% of GDP, while for Europe this parameter is around 2-4% according
to data available at the Eurostat. Thus, the assumption of symmetry is reasonable
on these grounds. In the benchmark case, I set the index of openness equal to 0.15,
and perform a variety of sensitivity experiments.

Finally, in order to estimate a stochastic process with symmetric I' and D matri-
ces, consistent with the symmetric characterization of the model, I use the procedure
and estimations of Backus, Kehoe and Kydland (1992).
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5 International Monetary Policy Regimes

5.1 Cooperative Monetary Policy (CO)

Monetary policy cooperation is modeled as a case in which monetary policy decisions
are delegated to a supranational monetary institution which has the objective of
maximizing the weighted average of the welfare of the representative consumers in
each country. Since I assume that the two countries are symmetric, I constraint the
weights to be equal. Intuitively, consumers should be at least as well off when the
central banks cooperate as when they do not. Cooperating policymakers can always
implement the non-cooperative outcome by simply choosing their non-cooperative
strategies. Since that outcome is feasible under cooperation, rational policymakers
will never choose something worse.

Following Woodford (1999), the problem of the central authority is to choose
stochastic processes ct, T, ﬁt, Cty Tty ﬁ;‘ and s;— as a function of an information
set I, that includes all the history and the information at date ¢ about the future
evolution of the exogenous disturbances z; and 2; - to maximize the weighted average
of the welfare in the two countries, subject to the constraints given by (1)-(4) (and

the respective conditions abroad) at all dates ¢ > 0.

oo
{ct7 THt, e, C:, W;It) R:st}ma’XEO{(I) Z ﬁt{(Lt + L:)}3
t=0

The solution to the problem is:

(1 =TL)get1 = (1= ZL)&+1

where ¢; = {ct,ert,}?t,cz,W}ﬁ,E{,st,¢t}, ¢t = {P1t, Pat, P1t, D%, + 18 the vec-
tor of deviations of the Lagrange multipliers and & = {2, 27}®. The multipliers
®10, 920, P10, P50 give the marginal or shadow value of relaxing the aggregate demand
and the aggregate supply constraints home and abroad. Since the social planner does
not inherit any initial values for his choice variables and the aggregate constraints
depend on expectations of the choice variables, a necessary condition for the opti-

mization under commitment is that at time zero ¢1p = ¢20 = @}y = P4y = s0 = 0°.

"Notice that the linear term in relative prices cancels out for the maximization problem of the
global social planner.

8The problem of the planner is to solve a quadratic problem subject to linear constraints.
9The optimal plan is not time consistent. The time consistency problem arises because along
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By definition, the cooperative equilibrium delivers the best outcome. Under com-
plete financial markets, risk sharing in consumption is guaranteed. The only distor-
tion in the economy is the stickiness of prices and the resulting inertia in relative
prices. Since the social planner has two instruments available to correct for these dis-
tortions she can implement the Pareto optimum allocation which is the flexible price
allocation. Optimal monetary policy, closes substantially the gaps in consumption
and in the terms of trade and allows for very little variation in domestic inflation and
in exchange rates (see Table 2). Since the first best is attained in the cooperative
solution, the welfare of the consumers when the two policymakers cooperate can be
used as a benchmark for comparing the outcomes of the other policy regimes. In what
follows I compare the results of suboptimal solutions in terms of consumption paths.
The last column of Table 2, gives the index (OCU, percentage optimal consumption
units) of the utility losses in terms of the equivalent optimal consumption decreases
associated with the suboptimal equilibria. In Figures 1 and 2 I compare the responses
of the domestic macroeconomic variables to a domestic and a foreign productivity
shock respectively (the responses of the foreign variables follow a similar pattern).

A positive productivity shock reduces inflation at home. However, the induced
depreciation of the nominal exchange rate and consequently of the terms of trade
increases demand for domestic goods and thus expectations for future inflation. The
movements in the nominal interest rates is such that the effect of the terms of trade
depreciation balances the effect of the productivity increase in inflation. As a result,
inflation variability is reduced (Figure 1).

Recent empirical work for a closed economy has shown that in response to a posi-
tive productivity shock, labor productivity rises more than output while employment
decreases. Gali (1998) showed that this stylized fact can be explained in the context
of a closed economy general equilibrium model with monopolistic competition and
nominal rigidities. However, in an open economy the above stylized fact can be repli-
cated without the need of nominal rigidities. In Figure 1 output reacts less than the

change in technology implying a negative movement in employment for our bench-

the optimal sequence {Ct,ﬂ'Ht,ﬁz,c{ s Tty ﬁt‘ 8:}8° the lagrange multipliers will not always be zero.
Since the Lagrange multipliers are different from zero reoptimization at any point in time when
¢it # 0 would lead to a new sequence of policies such that ¢it would again start at zero. Hence, time
consistency implies that the lagrange multipliers are zero at all times. Nevertheless, this solution is

not feasible.



CHAPTER 2: Should the ECB and the FED Cooperate? 16

mark specification. Since cooperation closes the gaps between flexible and sticky
price movements of the macroeconomic variables, the reaction of employment under
flexible prices should deliver exactly the same pattern of responses (See, also Figure
3, where the responses of the terms of trade and consumption under the different
international policy regimes are compared with the natural level responses)m.
However this is not true for high values of the labor supply elasticity and for o = 1.
In the theoretical model the demand for labor depends on the domestic price index,
while the supply of labor depends on the aggregate price index. Under flexible prices,
a positive domestic shock decreases the domestic price index, real wages decrease and
demand for labor increases. On the other hand due to the income effect the supply
- of labor decreases. In the benchmark preferences with a steep labor supply curve
these movements in the labor markets lead to a reduction in domestic employment
after a positive productivity shock. With a flatter labor supply locus (w = 0.4633)
the reduction in the supply of labor does not exceed the increase in demand and

employment increases in equilibrium. Of course this result can be reversed if one

changes the values of 7 and a.

5.2 Non-Cooperative Monetary Policy (NC)

In this section I analyze the interaction between the two countries in a non-cooperative
Nash equilibrium. In this case, each monetary authority maximizes the expected util-
ity of its own representative consumer subject to the domestic economy constraints,
taking as given the policy of the foreign policymaker. The maximization problem

that the domestic policymaker faces is given by:
(o 0]
{ct, mre, st} maxEo®@ > B{dsst + de(ce — cf)? + 7 + Bs(s: — s7)%}
t=0

subject to (1) and (3), the exogenous process for the productivity shocks and

taking as given the foreign variables, c}, 7};,,and ﬁ{ The foreign policymaker behaves

1°Collard and Dellas (2001) suggest that the above fact can be replicated in an RBC model as
long as trade elasticities fall short of unity and the degree of openness is sufficiently high. In the
present framework, though, I can generate negative conditional correlation between productivity
and employment without having to assume low elasticities of substitution between home and foreign

goods {n =1 in the benchmark specification).
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symmetrically. The objective of the foreign national bank is given by:

{ct, T, st ymaxEo® Y BH{—dast + de(c; — ™) + whg + G5 — 57)7}
t=0

The equilibrium is given by the following system:

(1- AL) (1-BIL) :vt+1:|= {(1-01;)

(1-FL) (1-DL) || z}4y (1-GL)

241
*
Zt41

The presence of the linear terms in the national banks’ objectives causes the

where z; ={ct, Tt Ry, 8¢}, and zf = {c}, 7}y, Bi, 55}

inefliciencies associated with the non-cooperative equilibrium. In this framework
the flexible price allocation cannot be implemented as a Nash equilibrium, since
each national authority, unless Fg(s; — s?) = 0, has an incentive to surprise the
foreign policymaker. Notice that the domestic inflation at home is determined by:
e = BEmhir1 + ke(ce — ¢f) + ks(s: — 7). In the absence of real disturbances (i.e.,
st = ¢ = 0), an increase in the terms of trade causes domestic inflation to accelerate,
basically because of an increase in demand for domestic goods. In the foreign country
it holds that 7}, = BEmyy, .1 +kc(ct —ct®) —ks(s¢—st). Note that a real depreciation
at home causes inflation to fall abroad, while an appreciation causes foreign inflation
to rise. This is the heart of the inefficiency of the non cooperative equilibrium: each
policymaker may have an incentive to contract the economy in order to appreciate
the currency and thereby export inflation abroad at the expense of the other country.

In the presence of productivity shocks (i.e., s # 0), in the non cooperative solu-
tion, each policymaker has an incentive to deviate from the flexible price allocation.
A positive domestic productivity shock decreases real marginal costs and thus do-
mestic inflation. In the flexible price allocation, after such a shock the terms of trade
depreciate and as a result demand for domestic goods increases and domestic infla-
tion increases. The movements in the terms of trade are such that the two effects
cancel out and inflation remains almost unchanged. In the foreign country, the terms
of trade deterioration decreases demand for foreign goods and thus foreign inflation.
In the non cooperative equilibrium the domestic policymaker has an incentive to de-
preciate the domestic currency less than in the flexible price case so as to export
inflation abroad. For the foreign policymaker the opposite is true.

In equilibrium the effects of the beggar-thy-neighbor policies cancel out since the

two policymakers act in a symmetric way. The exchange is less variable than in the
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flexible price allocation. In Figure 3, the terms of trade gap is much bigger under non-
cooperation than under cooperation. As a result, domestic consumption increases less
on impact in the non cooperative equilibrium after a domestic productivity shock!!.
Conversely in the second row of Figure 3, consumption in the foreign country in-
creases more than in the flexible price equilibrium. Finally the competitive policies
of the two policymakers do not allow for the minimization of inflation variability in
the two countries. In Table 2 it is apparent that a cooperating policy can avoid the
‘contractionary bias’ in the non cooperative solution to the mutunal benefit of both
countries.

The "contractionary bias” in the non-cooperative equilibrium could be eliminated
for some positive degree of monopolistic distortions. In a recent paper, Benigno-
Benigno (2001) show that by appropriately choosing the overall degrees of monop-
olistic competition, the strategy of zero domestic inflation is a Nash equilibrium.
Moreover, this equilibrium implements the flexible price allocation. However, the
cooperative equilibrium in the absence of monopolistic distortions gives higher lev-
els of production and consumption and can replicate the flexible price allocation,
since in the cooperative solution the strategic role of the terms of trade is completely .
internalized by the social planner.

The costs of non-cooperation are significant and change with the degree of open-
ness of the economies. For an index of openness equal to 0.25, they account for
-0.58% of optimal consumption units and they decrease as the degree of openness de-
creases. The importance of the exchange rate transmission channel decreases as the
economies become autarchic. For that reason, for almost closed economies the costs
of non-cooperation are small. According to the data the index of openness of Europe
and the States is around 2%. Thus, the model implies that the ECB and the FED
do not gain a lot from cooperation and conducting monetary policy independently,

in this case, is nearly optimal.

5.3 Monetary Union (MU)

So far, we have seen that policy cooperation is preferable to policy competition.

One way to accomplish some of the benefits of policy cooperation is through the

"The same is true for output. As it is apparent from Figure 9, both non-cooperation and monetary

union imply, also, negative correlations between employment and labor productivity.
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establishment of a monetary union. In some cases monetary union is associated with
losses, albeit the fact that in a monetary union coordination can be reached. In this
case, the problem of the central bank is similar to the problem of the supranational
institution of the previous section with the only difference being that in the currency
area the nominal exchange rate is fixed. Thus, the problem that the central bank is
solving is the same as the problem of section 3.1, with the additional constraint that
Ae, =0, Vt12,

In a monetary union the fixity of the nominal exchange rate coupled with the
rigidity in prices introduces another distortion in the economy: the inertia in rela-
tive prices. Notice that there is a trade-off between price stickiness and inertia of
relative price distortions. Attempts to neutralize price stickiness,by setting domestic
inflation equal to zero, increase the distortions due to the inertia of the terms of
trade. Optimality implies a zero inflation rate and both the consumption gap and
the terms of trade gap to be zero. In a monetary union, these gaps cannot be closed
simultaneously. Low inflation variability implies sluggish relative prices which in turn
result to an inefficient reaction of output in response to foreign disturbances and thus
higher consumption gap variability. In Table 2 the loss of the exchange rate as an
instrument is reflected in the increase in the consumption gap variability, relative to
the case of cooperation. The nominal interest rate is also more variable, since it is the

only instrument the Central Bank can use for accommodating productivity shocks.

12Por an analysis of monetary unions in a different modelling framework see Cooley and Quadrini

(2000).
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Table 2: Welfare Statistics for alternative Regimes

inflation Consumption Exchange Terms-of- Interest OCU(%)

gap rate trade gap rate

=0.25 0.012 0.63 0.54 0.47 0.70 0.0

o=0.15 0.007 0.37 0.41 0.30 0.88 0.0

CO =005 0.002 0.13 0.20 0.14 0.95 0.0

w=0.02  0.000 0.05 0.12 0.06 0.99 0.0
o=0.25 0.063 0.68 Q.73 1.23 0.77 -0.58%
o=0.15 0.023 0.48 0.68 1.40 0.49 -0.41%
NC =005 0011 0.24 0.12 2.01 0.65 -0.30%
a=0.02 0.005 0.09 0.11 2.44 0.86 -0.08%
o=0.25 0.032 0.73 0.0 0.89 1.97 -0.46%
a=0.15 0.034 0.62 0.0 0.61 1.88 -0.47%
MU g=005 0.039 0.58 0.0 0.50 1.33 -0.48%
a=0.02 0.042 0.59 0.0 0.53 1.05 -0.62%

The question is whether in the monetary union welfare is improved relative to the
non-cooperative case. The answer is not clear cut and it depends on characteristics
of the economies such as the degree of openness and the degree of nominal rigidities.
In relatively open economies the consumers are better off in a monetary union, while
in almost autarchic economies the opposite is true. This is not surprising, since the
closer is an economy, the less affected is by foreign variables and thus stabilization of
its output and inflation depends mainly on domestic variables.

These results are similar to those in the optimum currency area literature but
for entirely different reasons. Mundell (1961) argued that the benefit of a common
currency area was its role in minimizing transaction costs and facilitating the flow of
information about relative prices. The offsetting force was that fixed exchange rates
entailed the loss of independent monetary policies. For a relatively closed economy
the loss of the possibility of tailoring monetary policy to the needs of different areas
were bigger than the benefits from allocative efficiency. While in the present frame-
work, on the one hand, a common central bank and currency is beneficial because it
enables coordination, but on the other hand, it is unfavorable because it distorts the

reallocation of resources and imposes excess consumption gap variability.
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6 Approximating the Optimal Policy

6.1 The optimal plan

In this section I study what kind of policy rule would approximate the optimal pattern
of responses to shocks in a decentralized setting. According to the second welfare the-
orem any Pareto optimal allocation can be implemented as a competitive equilibrium
with transfers. In this section, I study what kind of decentralized monetary policy
can guarantee these transfers. I assume that the policy is a feedback rule where the
nominal interest rate is a function of endogenous and exogenous variables. I, also,
assume that the central bank commits itself to systematically conduct of monetary
policy in this particular way and that commitment is understood by the private sector
and is credible.

As I show in appendix IV the optimal cooperative plan implies that the nominal

interest rate in each country evolves according to:

ﬁt = G(L)ft
Ry = (L)%
& = [zt’ z;]

This implies processes for the other endogenous variables of the form:

QL)sy = V(L)& (6)
G(L)rge = O(L)é&
H(L)ys = N(L)¢

where ©(L), II(L), V(L); G(L), O(L), H(L), N(L) are first order polynomials and Q(L)
is second order in the lag operator.

The optimal cooperative plan is therefore a function of the current and previous
states of the economy. This is partly due to the stickiness of prices and partly due
to the gains in credibility that the bank achieves by regarding itself as constrained
to fulfill previous commitments (Woodford, 1999). Since prices are staggered, the
current level of inflation depends not only on the current state of the economy, but
also in the past states. Thus, the optimal plan under commitment implies that the

changes in the endogenous variables are smooth. Moreover, under the optimal policy
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all the variations in the variables of interest are proportional to a weighted average
of domestic and foreign productivity shocks.

Equation (7) describes how the interest rate should vary as a function of the his-
tory of shocks and it is a unique relation that holds in equilibrium. However, (7)
cannot be implemented as a monetary policy rule in a decentralized setting. As it is
shown in appendix IV, (7) if it is adopted as a feedback rule leads to local indetermi-
nacy of equilibrium. This is because the structural model possesses forward-looking
elements and with rational expectations a policy rule may easily be associated with
more than one rational expectations equilibria (see, Bernanke and Woodford(1997),
Rotemberg and Woodford(1999), and Clarida et al.(2000) for more details on this

issue).

6.2 A Simple Feedback Rule

The problem of indeterminacy of rational expectations equilibria can be resolved
through sufficiently strong feedback from endogenous variables, such as inflation or
output, or the terms of trade. Among the different sets of coefficients for the policy
rule that replicate the optimal policy allocation, I consider policy rules within the '

family (9), in order to be consistent with the symmetric steady state.
Rt = UnTHgt + V22 + vz“z: (7)

where I allow for the possibility of direct feedback from domestic and foreign pro-
ductivity shocks. The feedback rule together with the aggregate demand and supply
equations complete the system that characterizes the solution of the model. The
complete set of structural equations consists of the aggregate demand equation, the
aggregate supply equation, the real interest parity condition and (9). This system

can be written in the form:

2t

z
KEig41 = Age + M [ : } (8)
where g = [ct, 7). Since there is no predetermined variable in the system, a unique
bounded solution exists if and only if the two eigenvalues of the matrix [K~1A] lie

inside the unit circle. Furthermore, a necessary condition for determinacy is that the

reaction of the central bank towards inflation is aggressive (Taylor’s principle):

v > 1 (9)
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If (11) is satisfied the equilibrium is determined (see also Benigno-Benigno (2000)).
Thus, we turn to the question of whether a feedback rule of the form (9)can replicate
the optimal pattern of responses. In order to find the values of the coefficients on the
feedback rule that approximate the impulse responses under the optimal cooperative
plan I simulate the model described by (1)-(4) and the rule in (9) for both countries,
and for various values of the parameters vr,v, and v,+« and I compare the impulse
responses of the simulated economy with the impulse responses that the theoretical
model delivers in the optimal solution. The rule that best approximates the optimal
policy is the rule with coefﬁcients such that the difference between the impulse re-
sponses of the variables of interest for both types of productivity shocks under the
two specifications is minimized.

Unfortunately, the elements of the impulse responses functions are not indepen-
dent. For that reason, minimizing the distance of the impulse response functions
under the optimal policy and under (9) by simply summing up the square distance
of each step is not appropriate. One way of solving this problem is to change the
coordinates of the space where impulse responses are represented. This can be easily
done by taking a frequency domain approach, computing the periodogram associated
with the cooperative solution and with the solution under (9) and try to find the com-
bination of parameters that minimizes the distance between the periodograms of the
simulated series under the two specifications. The comparison is meaningful, since a
crucial property of the periodogram is the independence of the different ordinates.!

Optimal responses to fluctuations in the productivity shocks are approximated,
by a rule which has extremely strong feedback only from domestic inflation (v, —
00, v, = vz« = 0). That is, when the two countries cooperate they should try to
stabilize domestic inflation without reacting directly to foreign variables. This result
is surprising, because someone would expect that cooperation involves coordination
from the part of the policymakers. The numerical results confirm that this is not
the case. When each central bank is trying to stabilize domestic inflation it acts
in the interest of both countries. However, the variability of the nominal exchange
rate under the optimal plan is low. This is because, although both instrument rules
react explicitly to domestic conditions only, there is an implicit reaction towards the

exchange rate depreciation that deters the exchange rate from moving substantially.

13Details of the calculations of the periodograms are given in Appendix 4.
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6.3 The Taylor Rule

I now turn to the question of designing a realistic regime that could approximate
the optimal patterns of responses to shocks. There are many feedback rules that can
approximate the optimal solution. Here the objective is to find rules that involve
feedback from variables that are observable and rules that can be adopted in practice
by the central banks.

Many authors have shown that a Taylor rule can approximate well the behavior of
the interest rates in practise!. In this section I analyze how the Taylor rule compares
to the optimal policy. In the original paper of Taylor (1993) this rule was defined as
an interest rate rule where the interest rate had feedback from domestic inflation and
output. Given the results in the previous section, I will consider Taylor-type rules

where the nominal interest rate has feedback only from domestic inflation:

I analyze the welfare properties of the equilibrium of the two economies when the
optimal rule is replaced by (10). In Table 3 I compare the welfare properties of the.
equilibria when the two economies follow a Taylor rule with the welfare properties
of the noncooperative and the monetary union solutions!®. In the benchmark case,
vr = 1.5, assumes the value used in the original paper of Taylor (1993). If the two
economies were to follow this rule, the consumers would be better off in any of the
other policy arrangements'6. However, for higher values of the coefficient in inflation
(v =5 and vy = 7) and for high degrees of openness, a Taylor rule does better than
noncooperation. Furthermore, it is preferable to monetary union even for low degrees

of openness.

148ee Clarida-Gali and Gertler (1998, 2000) for the empirical analysis of Taylor rules.
15The welfare measure when the two economies follow the optimal plan is zero and for that reason

is excluded from the table.
18Except for when a = 0.02. In this case the consumers are almost indifferent between participating

in a monetary union and conducting policy using a Taylor rule.



CHAPTER 2: Should the ECB and the FED Cooperate? 25

Table 3: The Taylor Rule

Regimes «=0.20 | o=0.15 | o=0.02
Optimal consumption units ( %)

NC 0.51% 0.41% 0.08%

MU 0.46% 0.47% 0.62%

Taylor v,=1.5 1.2% 0.69% 0.59%

Taylor v,=5.0 0.47% 0.47% 0.39%

Taylor v,;=7.0 | 0.46% 0.35% 0.27%

For v, = 7, the Taylor rule is associated with the smaller welfare losses (except
for the case that o = 0.02). Thus, under plausible values for the coefficient in
inflation a Taylor rule can improve upon the equilibria delivered by noncooperation

and monetary union.

7 Concluding Remarks

In this paper I evaluate the welfare consequences and the implications for macroeco-
nomic stability of three different kinds of conduct of monetary policy in a two-country
world and study the implementation of the welfare maximizing regime.

By definition, international monetary policy cooperation delivers the best out-
come. When the two countries cooperate inflation and output variability is reduced
and the first best can be achieved. The cooperative solution can be approximated
by an interest rate feedback rule that depends strongly only on domestic inflation.
Such a rule cannot be adopted in practise as a monetary policy rule. However, under
plausible values for the coeflicient in inflation a Taylor rule can improve upon the
noncooperative and monetary union equilibria.

Non-cooperation implies welfare losses because in the Nash game the policymakers
pursue beggar-thy-neighbor policies. In the non cooperative solution the movements
of the nominal exchange rate result high variability of the terms of trade gap, in the
expense of increased variability in inflation. The welfare costs from non-cooperation

increase with the degree of openness of the economy. This is because as the economy
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becomes autarchic the short run adjustment role of the nominal exchange rate is
weakened to the extent that consumer prices are almost unresponsive to exchange
rate changes.

Fixing the exchange rate introduces a distortion in the economy, the inertia of the
terms of trade, that does not allow the optimal reallocation of resources. Nevertheless,
the adoption of a common central bank and currency has the potential of reducing
the welfare costs by eliminating the ’contractionary bias’ induced by monetary policy
competition when the economies are open to trade and are characterized by low
degrees of price stickiness. When the economies have weak trade links, there is no
need for international monetary policy coordination and the two countries are better
off conducting monetary policy independently.

The model indicates that as long as trade interdependencies between Europe and
the US are as small as those experienced in the last 50 years, cooperation between
the ECB and the FED will produce very little welfare gains. On the other hand, if
trade links are asymmetric, non-cooperation implies significant losses for the more
open economy (Europe).

Finally, this paper has only focused in the design of optimal monetary policy
under commitment. All the papers in the field analyzing issues of monetary policy
in the one or in the other way refer to commitment., Commitment is crucial for
determining the results and it should be endogenously determined. I would like to
focus my future research on enriching the current framework to analyze more deeply
the issues of commitment of policy. Learning more about commitment might improve

our understanding of the real world.
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Figure 1: Impulse Responses to a Domestic Productivity Shock

monetary union:

27



CHAPTER 2: Should the ECB and the FED Cooperate? 28

Figure 2: Impulse Responses to a Foreign Productivity Shock
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Figure 3: Comparison of I
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APPENDIX 1

The Model
The problem of the Representative Agent

Each country is inhabited by a continuum of agents on the interval [0,1]. There
is no migration across countries. In each period ¢, the economy experiences one of
finitely many events s; Let ht denote the history of realized states from period zero
until period ¢, i.e., A* = {sg, 51, ..., 5¢}. The probability, as of period zero, of any par-
ticular history A* is 7(ht). The initial realization sg is given. In this section I present
the problem of a generic household ¢, at home (the problem of a foreign household
(j) is analogous). I assume that preferences are identical across countries and the
foreign variables are denoted with stars throughout the analysis. Agents obtain util-
ity from consumption and real money balances and disutility from producing goods.
The objective of the domestic household ¢ is to maximize:

= ¢, (pt s pt M (i, h*) -y t
EU =t = OZ %:ﬂ w(h) |u(C(i, %)) + m(W) —v(Y (i, h), z(h ))](

Al.l)
where the index ¢ denotes a variable that is specific to agent ¢, and 3 is a discount

factor. u is an increasing concave function and C(i, ht) is defined as:

Cli, 1) = [(1 = @) 1Cx(i, )T + a7 Cp(i, k)™ |71 (A12)

In turn, Cs(i, ht), s = H, F, are given by the following CES aggregators: |

(2]

1 6—1
Cs(i, hY) = (/ Cs(T, ht)o—;_ld7'> for s=H, F
0

Here, 7 is the constant elasticity of substitution between foreign and domestic goods
and 6 > 1 is the constant elasticity of substitution across goods produced within the
country, (1 — &) describes the degree of home bias in the consumption of goods.

m(.) is an increasing concave function of the real money balances, M (i, ht) is the
agents nominal money balances at the end of period ¢, while P(h?) is the domestic
CPI defined as:

P(hY) = [(1 — @) Pg(h)*" + aPp(Rt) 1T (AL.3)
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and depends on the price index for domestic goods, Py (h?) and the price index for
imported goods expressed in home currency, Pr(ht), where P; = [f3 Ps('r)l_od'r]l_}f;,
s=H,F.

Finally, v(.) is an increasing convex function of agent i’s supply of her prod-
uct Y (¢,h?). V(Y) can be interpreted as the inverse of the disutility of working
(Rotemberg and Woodford (1998)). If we define Y (3,ht) = f(N(i, k) 2(h')), and
the disutility of working by g(IN(3, k%)), then v(Y (i, h¥), 2(h?)) can be rewritten as
g(F~X(Y (3, ht))/ 2(h?)), where z(h?) is a country-specific productivity shock.

The optimal allocation of any given expenditure within each category of goods
yields the demand functions: |

N
Cs(iv ht) = (P;\EZ(’}L},‘,L))) Cs(ht) js=H,F

for all i € [0,1]. Since there is no international price discrimination, Pp(i, h?) =
e(h*) Py (i, hY), Vi € [0, 1], where e(h?) is the nominal exchange rate expressed as the
price of foreign currency in terms of home currency and Pj(i,h?) is the price of
foreign good i denominated in foreign currency.

Moreover, the optimal allocation of expenditures between domestic and foreign
goods imply:

Py(r)\ ™" Pr()\™"
Crx(h) = (1 — A Y . Ou(B )= 2222 t

In the symmetric equilibrium, o measures the share of imported to domestic goods

and can be used as an index of the openness of the economy. The total demand for

good ¢ is then given by:

c e\
Yo, hY) = (M> [Cr(h) + Cr(hY)] (A1.4)
Py (ht)

where C} is the foreign demand for domestically produced goods.

The representative consumer in the home country receives income from selling
her product, from asset holdings and from transfers of the domestic government.
Households then consume, accumulate money balances, purchase new assets and
decide saving allocations between money and assets. The asset structure available

to agents is a set of complete contingent one period bonds denominated in the home
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currency. The consumers of both countries purchase a portfolio of state-contingent
home currency denominated nominal bonds at price Q(ht, A**1).

As it is highlighted by Cole and Obstfeld (1991), the existence of the state contin-
gent home currency denominated bonds is sufficient to ensure complete international
financial markets ex ante. They find that fluctuations in the terms-of-trade play
an important role in automatically pooling national output risks, since a country’s
terms of trade are negatively related with growth in its exports sector. Thus, in my
framework, ex ante there is no need for international portfolio diversification, since
the terms of trade responses alone provide perfect insurance against output risks. For
that reason, I do not include trade in state contingent foreign currency denominated
nominal bonds. The budget constraints of a domestic producer-consumer is then

written as:
P(ht)C’(z’, h‘) + S Q(h, ht"'l)b(i, ht) + M(3, ht) <
ht
(1 — 7) Py (3, R)Y (3, h®) + M (3, ht) + b3, h*) + T R(3, ht)

(AL5)

TR(i, h*) denotes the nominal lump sum transfers from the government of the
home country to the domestic household 7 at date t, while T is a proportional tax on
nominal income.

Ruling out Ponzi Games, the optimality conditions are:

Ue t+1 t . .
Br(R) ( uii(lh:r))> P](D}(:Jr)l) = Q(r"*, ) (AL.6)

+ B w(h ——= ] =0 Al7

Foa — F9 0 50 (% (A1)
When the set of assets is sufficient to completely span all the states of nature, the
price of any other asset can be calculated as a linear combination of the underly-
ing Arrow-Debreu prices. For example, internationally traded nominal one-period
non-contingent bonds denominated in the home (foreign) currency will cost ﬁi}(m
(-i-i-_Rl‘—(Fj) where m th-(-l Q(ht+1 ht)

+

( TW»T Speer Q(RHTL, AY) %) . Arbitrage between internationally traded bonds

implies:

3 Qe ) - () S = (AL8)
pt+l
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Equation (A1.6) is a standard Euler equation, while (A1.7)17 is a money demand
equation and (A1.8) is the uncovered interest parity condition.
A first order condition analogous to (A1.6) must hold for the consumers that hold

the home currency bonds in the foreign country:
1y [ (PR e(h") \ _ o(pttt pt
Br (A7) ( o) Pr(he+Ly | \ e(ht+T) QR k)

Defining the real exchange rate as: q(h?) = e(h?) P*(ht)/P(h), combining (A1.6) and
(A1.9) and iterating we have:

(AL.9)

uz (RY)
uc(ht)

q(h®) = x

(A1.10)

Equation (A1.10) is a relationship between real exchange rates and marginal rates
of substitution,where x = u.(s0)P*(s0)/ué(s0)P(s0) is a constant reflecting initial
wealth differences. Equation (A1.10) states that if PPP holds, then the marginal
utilities of consumption are equated up to a constant, x, as agents confront identical
commodity prices. Movements in the real exchange rate, or departures from PPP,
will be reflected in different consumption rates. Despite the presence of complete
financial markets, in the presence of home-bias in consumption, it is not efficient
to equalize consumption rates across countries because PPP does not hold (unless
a=1/2).
Price Setting

Agents are monopolist in selling their product and prices are staggered. In each
period an agent faces a fixed probability 1 — = of adjusting her price. In this event
the agent chooses the price, P%(i, ht) for the produced differentiated good 7 so as to
maximize expected utility resulting from sale revenues minus the disutility of output
supply in each of the future states in which the price commitment still applies taking
as given P, Py, and Pr and subject to the demand function (A1.4).

Partial adjustment price setting implies that each period a measure of 1 — v of
producers have the opportunity of changing their prices, then P, (i) = Pg,(3)
with probability v* for k = 0,1,2, ... Notice that all the producers that are allowed

17Tn terms of the equilibrium conditions, the assumption that the instrument of the central bank is
the nominal interest rate means that the money market equilibrium condition, (7), can be neglected,

since it only determines the path of real money balances.
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to reset their price in the same country at a certain time face the same discounted
future demands and future marginal costs under the assumption that the new price
is maintained. Thus they will set the same price.

Therefore, each producer maximizes expected utility resulting from sales revenues
minus the disutility of output supply in each of the future states in which the price

commitment still applies. Her state contingent profits may be written as:

Inax i Z(ﬁ’Y)kQ(th, {1 - 7) PR (i, ®)Y (i, REHRY — o(Y (i, BT, z(ht+k))}
o (A1.11)

where nominal revenues are evaluated using the market discount factor Q(h**t%, ht) =

BITE_; m(RPH, pEHT) (";j(ch%;)) %which is the same for all consumers because
of the complete markets assumption. The sellers maximize (AI.1l) subject to the

sequence of demand constraints:

Y, b = (}f—g(‘;f‘—))) (Ca(h+) + CpR®)]  (AL12)

Then Pj satisfies the first order condition:

057820 Soner (1B) *Q(RE, Ry (YOG, h*HE), 2(RHHE)) Y43, HHHF))
(6 — (1 - 7) Zilo Lners (YB)FQ(RHFF, RE)YA(i, )

P3(i, h") =
(A1.14)
where Q(h***, h?) is the delivery price of one unit of domestic currency in h*** in
units of local currency at h® and z(h*) is the domestic productivity shock.

According to (A1.14) the optimal relative price varies with current and expected
future demands, discount factors and aggregate prices. Intuitively, firms know that
the price they set today may also apply in future periods, so the expected state of the
economy in those future periods affects the price that they choose today. If demand
is expected to be high next period, for example, a producer will set a high price
in the current period so as not to sell at loss because of future inflation. Similarly,
depending on the degree of openness of the economy, if the terms of trade are expected
to depreciate next period, the producer will set a higher price today so that one period
of inflation leaves it closer to maximizing static profits next period.

Also, staggered price setting implies the following law of motion for the domestic

price index:

P(h) = [yPa(h= )17 + (1 - 7) PR(%) | 75 (AL.15)
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Finally, the terms of trade, i.e., the relative price of domestic to foreign goods,
denoted by S(A?), equals the ratio of foreign to home prices Pr(h?)/ Py (ht).
Fiscal Authority

In this paper I abstract from fiscal policy issues. The fiscal authority distributes
the revenues from the proportional tax on nominal income and from seignorage to
the households as lump sum transfers. The budget constraint at date t of the fiscal

authority in the home country is:

T / ' Py (i, ®)Y (i, h)di = / ' TR(i, hY)dj + M(h*) — M(h'™1)
° 0 (A1.16)
I assume that 7 = —(6 — 1)~!, so that in equilibrium the market power distortion
created by the monopolistic structure in the market for differentiated goods is neu-
tralized. Hence the steady state level of output is efficient.
Market Clearing Conditions

For each differentiated good, market clearing implies:
Y (i, h*) = Cy(i,h*) + Cp(i, hY), Vi€ [0,1] (A1.17)

Moreover aggregate domestic output is the sum of individual outputs:

1
Y (ht) = / Y (i, B)di (A1.18)
0
For the two economies it must be the case that:
t )
Y(ht) + Y*(ht) = C(ht) (%{((Eht)—)) [(1-a)+ aS(ht)”’]

+C*(hY) (;ff—((}%t-)z) B [(1-a) +aS(h)T (A1.19)

The market clearing condition for the contingent bonds is
b(hY) + b*(hY) =0 (A1.20)

where b*(h') denotes the foreign consumer’s holdings of the home country bonds.
In the money market, the monetary authority supplies money to equate the money

demand:

1
M(ht) = / M3, ht)di (A1.21a)
0
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In a currency area the two countries share the same currency and consequently
there is only one central bank that is entitled to issue money and to conduct monetary
policy within the area. In the currency area, the level of money supplied by the

common central bank is equal to the demand for money in the two economies:
1 o
Munion =/ MZ’d’l-{- /M;de (A121b)
0 0

where M* (M*) denotes money demand of domestic (foreign) consumers.

The stationary equilibrium of the economy is characterized by:

1
1+ R= 3
The monopolistic competition distortion does not allow the marginal utility of con-
sumption to equate the marginal disutility of producing output, unless 7 = —(9—1)‘1.
By using the Euler equation in consumption and (A1.16), (A1.10) we find the steady
state value of C which we use to calculate the utility losses in terms of equivalent
steady state consumption decreases. In the symmetric steady state the terms of
trade and the exchange rate and are one. While Y=Y* = C = C* and the prices are
determined by the initial conditions Py_y, Pg_;.
FEquilibrium
An equilibrium for the economy described in section 2 is a collection of alloca-
tions for home consumers C(h?), Cy (ht), Cr(ht), M(h?),b(h*t1); allocations for for-
eign consumers C*(ht), C}(ht), Ch(ht), M*(h?), b*(ht+1); allocations and prices for
domestic goods Y (i, h*), Py (i, h*) for ¢ € [0,1]; allocations and prices for foreign
goods Y*(i, k), Py (i, ht) for i € [0,1];, aggregate price levels P(h?), P*(ht), bond
prices Q(h*t!, h?), equilibrium exchange rates e(h') and individual transfers and tax
rates TR(i, h'), 7, TR*(i,h*),7* that satisfy the following conditions: (i) taking as
given the prices, consumers allocations solve the consumers’ problem, (i) the price
set by each differentiated good producer solves his problem (¢i7) transfers satisfy (13)

(tv) the monetary authority solves its maximization problem and (v) markets clear.
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APPENDIX 2

Deriving the Reduced Form Equations

In this appendix I describe the derivation of the reduced form equations for aggre-
gate demand presented in section 2. I ignore the state notation here and I substitute
summation over probabilities with the expectation operator. Lower case variables
denote the percentage deviations from respective steady state values. That is, for a
generic variable Xy, z; = log(X;/X), where X is the steady state value of the variable.
The AS equation

I derive the log linear approximation of the AS Equation for the home country.
The foreign’s country AS equation is similar and is not included here. A1.14 can be

written as:

e Py
E; E(’Y,@)k[(l —-0)(1- T)uc,t+k—g'f; + Ovy (Yeqks 2648) ) Yo = 0
k=0

Py
(A2.1)
From the definition of the aggregate price level it follows that:
Pi=Prif(1 - a) + aStI*"]l_lﬁ (A2.2)

Also, A1.12 combined with the demand for home goods at home and abroad as
is given in appendix one, imply that the demand for the home good is given by:

0= (259)” (58 [a-rve (22" ()]

loglinearizing A3.2 yields:

(A2.3)

(1 —2a)

= 1
ye=c+on[l + =

Jst (A2.4)

Replacing A2.2 into A2.1,using A2.4 and taking a log linear approximation around
the non-stochastic steady state the percentage deviation of newly set domestic prices

to the domestic price index is set according to:
x

0 = E{D (B0 =01~ 7)Bhesr — &l — )1 = T)ucCosesk + (1 = 6)(1 — 7)udBEp)
k=0

1-2¢
+90vyy[_9ﬁ?1t+k + an[]. + '(_"'0___)]

St+k + Copk) + Ovyz 2o 1}

where p%; = Py — PHt-
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A2.3 can be simplified further:

o (1-2a —
0= B> (B [Bhesr — aStar — 0Ctik — w[—OPFesx + an[l + (U—)]ka + cpik — Yl

£=0 (A2.6)
where 0 = —u..C/u. and w = vyy /vy and Y, is given by: Yy = —(vy,/Cuyy)ze4k-
Moreover:
k
Phresn = DHt — ) _ THE+; (A2.7)
ot

Linearizing (A1.15) we obtain
g
P = . ,yﬂ'Ht (A2.8)

Replacing the above two conditions for the percentage deviation of newly set
domestic prices to the domestic price index into A2.6 we obtain:

=(1——'y)(1—'yﬁ)[a+w 1-2a)
v 146w o

a +a{l +wnl + (

O -
THt wYt] + BEmH1

st 15
(A2.9)

If we define the natural rate of consumption as: ¢f = %;Y+ and using the

definition for the natural rate of the terms of trade we end up with:

e = BEimwpie1 + ke(er — of ) + ks(st — s3) (A2.10)
(1-2c)
where:k, = k(Z5%), k, = ka{““’;’_[:;d z 1} , k= 1—,'y'l’-(l —v0) and o is the inten-

temporal elasticity of substitution, # is the elasticity of substitution between foreign
and domestic goods, 8 is the elasticity of substitution among differentiated goods
produced within the country, and w is the inverse of the elasticity of labor supply.

Notice that as @ — 0, k; = 0,which is the standard closed economy aggregate
supply curve (see also, Rotemberg and Woodford, 1998).
Aggregate Demand equations

As in the previous subsection I will present the derivation of the conditions for
the domestic economy. The conditions of the foreign economy are analogous.

The marginal utility of consumption equals the lagrange multiplier: u.(C;) =
A¢. The FOC with respect to next period’s domestic bonds gives: A, = R:SE:A; 4 P_};:T'

Loglinearizing these two expressions results in :

—0Ct = )\t : (A211)
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/\t = Et[ﬁt — 741 + /\i+1] (A212)

Solving forward A2.11 gives a version of the Fischer equation:

oQ
A =1t=) Ey[Rosk — Topnsi] (A2.13)
k=0 .

where 7! is the long run real rate of return. Taking first differences in equation
(A2.13), and using (A2.11 and 12) results into:

Ct = Ct+1 + (—0’)—1(}’?\1 - Et’ﬂ't_l_l) (A214)

Equation (A2.13) determines the aggregate demand for the domestic good. Ag-
gregate demand depends not only on the short-term real interest rate but also on
the long run real interest rate, 7%, on foreign consumption demand and the relative
price of foreign to domestic goods. Instead (A2.14) is the standard form of the IS
equation.

The definition of the domestic aggregate price index together with the definition

for the terms of trade then implies:

PHt—Pt = —Qst (A2.15)
Pat—pP: = —oas;
PFrt —PHt = St
St = —s
Loglinearizing yields:
Tt = THe + aAst (A2.16)

Using (A2.16) to replace for CPI inflation in A3.4 yields the aggregate demand
curve in section 2.
The real interest parity condition follows from the definition of the terms of trade,

the law of one price and Uncovered Interest Parity. Loglinearizing (A1.8) yields!®:
ﬁt - ﬁ; = EtAetH (A217)
the law of one price in turn gives:

PFt = Py — € (A2.18)

Bywhere the hats indicate percentage deviations from steady state values
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combining the above with the definition of the terms of trade yields:

(Re — mres1) — (B} — Thep1) = Ee{Asera}

40

(A2.19)
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APPENDIX 3

Derivation of the Social Objective Function in an Open Economy
Maximizing the utility of the representative agent in the economy is equivalent

with maximizing:
. 1
W = Bfu(C)) - [ o(%(r); Z)dr) (43.)

In (A4.1) real money balances are excluded from the utility function. Here, I assume
that the liquidity services of money are arbitrarily small, thus I can neglect the term
concerning real money balances from the utility function. Even, if this term was
not negligible, Woodford (1996) and Rotemberg and Woodford (1998) show that in
the presence of an interest rate rule, money need not be introduced in the model.
The equilibrium condition (A1.7), when monetary policy is specified in terms of an
interest rate rule, simply determines the nominal level of money balances. Since this
condition plays no role in determining interest rates, inflation or output, money can
be ignored and utility can be computed only in terms of consumption and output.
Following Rotemberg and Woodford(1997,1998) we compute a second order Tay-
lor series expansion of W around the deterministic steady state where all the shocks

are zero. A second order Taylor expansion of the left term gives:

u = u(C) + u(Cy — C) + Fuc(Cy — C)?
= u(C) + te(ce + §) + Juceler + §2)? + O ([ (A3.2)
= uCle; + 3(1 - o) + ti.p. + O (|I¢)P)

where O(]|¢]|) includes terms of order higher than second in the deviations of the
variables from their steady state values. For zero steady state inflation and constant
tax on output, the variables will deviate from their steady state values only because of
variations of the productivity shocks &; = [2;, 2f] around their steady state values. If
||€]| is the measure of the size of the shocks, the omitted terms are all of third or higher
order in this size. We have expanded C; with a second order Taylor approximation:
Co=C( + e+ 33) + O (J€lf) - o = —uecC/uc

The second term inside the integral of A3.1 can be written as:
1

b= o(Y,0) + 4 (%) ~ V) 4+ %7 + 50 (50) — ¥)? + 0 (%i(6) ~ ¥) Zut 5

vzzZt2 +0 (“5“3)
(A3.3)
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. w . N .
or v =1, Y [y(7) + iyf(z) —wy(D)Yi+tip. + 0 (||£||3)
where Y, : Vyz2t = —vyyYVt provides a scalar measure of disturbances to the
marginal disutility of supply and w = vy, /vy. Integrating across all domestic house-
holds yields:
Jo v(@)di = v, Y [Bige(3) + 3lvarive (i) + (Biye(9))?] + §lvariye(i) + (Bun ()]

N . 3

—wBy ()7 +tip.+0 ([I°) (As4)

for the aggregate output we have:

L o16-1 , .
vt = Eiye(t) + —2-—0—[(1 — a)varicy(t) + avar;c (1)) (A3.5)

Then A3.4 becomes:

Jo v(@)di = vy Yye + %7 + (07 + w)[(1 — a)varicy(i) + avar;cy,(3)]
—wyeYe] +tip. + O (JIg)P
wyi Ve +ti.p.+0 (JEI°) (435

Combining A3.2 and A3.6 together with the fact that u.C = v,Y, in equilibrium

since (1 —7) = og;u results in:

W =vY[e; +1(1 - 0)c? —ye — 497 — (671 + w)[(1 — @)varicq:(3) + avaricy,(i)]
+oye Yoy +tip. + O (J¢]°)

(A3.7)
Using (A1.10) and (Al.4) the demand for domestic output is given by:
Ytd = [(1 - a) + asz_n]l_}ﬁ[(l - a) + aq,?/”]Ct (A38)

Loglinearizing (A3.8) and substituting in (A3.7) together with the definitions of the

natural rates,results in:

W = —JucC{na [1+1522] s, + (0 +w) (e — )2 + o1 +wnll + S22} (s — 57)2+

a

+(071 +w)[(1 — a)varica(s) + avaricy, ()]} + tip. + O (“5”3) (A3.9)

Moreover, it also holds that:

Evargy(i) = Bvaricg: (i) = Bvaricly, (i) = 62 Evar;{log pg:(3)}
(A3.10)



CHAPTER 2: Appendices 43

Defining P, = F;logpu:(i), we have:

vari{log pre(i)} = vari{log prs())~Pye_1} = Ei{llog pae())~Prre-11*}—(APge)? =
vEi{llog prre-1(3) — Pre—1)?} + (1 = {log p:(3) — Pe—1]*} — (AP)?
= yari{log prs-1(6)} + (1 — v){llog Pk (i) — Pe-1]*} — (OPm.)* (A3.11)

Given that: APy, = (1 — v)[log p%,(2) — P,_,] implies that:

var{log pi¢(i)} = yvari{log prre-1(d)} + 1 Z,Y'”%{t +0 (“5“3)
(A3.12)

Integrating yields:

o0
vari{logpa(§)} =7+ vari{logpr-1()} + 3+ ke + O (1€I°)
=0 (A3.13)

After taking the discounted value, I obtain:

wﬁ {1 A = v ooﬁ”+t.'--+0|€3
; var;{logpm:(i)} (1 —7)(1 -~B) ;) e TP ( . )(A3.13)

Then A3.8 becomes:

+w)(1-7)(1-8 1-~)(1—
W = —%UCC T=7)(1=7B) 0(1 + gw){(u w()l(+63;'(79 71) Sct - C?)z + (146w "YBB
- ) (1=n8) 2na(1+ =22 .
ot +wnlL + G2 (5, = s7)? 4wy, + (DGR TN (50— )} + i + O ()

Notice that the loss function in (AIIL.17) reduces to the loss function used by Rotem-
berg and Woodford(1997) for a closed economy as the degree of openness of the

economy goes to zero (a — 0).
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APPENDIX 4

Approximating the optimal plan
Deriving the optimal rule

The problem of the central bank in the cooperative solution is to maximize a
quadratic function subject to linear constraints. The FOC of the planners problem

in the cooperative solution are given by:

8Acct — kedre + pat — B g1 =0 (A4.1)
§*NeCh — keply + O3 — B 51 =0 (A4.2)

6t + b1t — d1e—1 — B (~0) gy — B (—0) 1951 =0

(A4.3)

8 i+ b1t — 11 — B (=0) 13y — BH(—0) by = 0
(Ad.4)
—¢2(—0) "1 (1 +a) + ¢5a(—0) 1 =0 (A4.5)
—¢3(=0) (1 + @) + ¢pa(—0) ' =0 (A4.6)
(8+8°Whost — kors + ksl = 0 (A4.7)

These 7 first order conditions together with the aggregate demand and aggregate
supply equations at home and abroad and the UIP condition define a system of 12

equations in 12 unknowns. The system can be written in a vector form as:

Y a

P11
where gt = [yty"rHtaﬁt,yzvﬂ;{w}’i;)etast]l and ¢t = [¢1t1¢2t’¢1t7¢§t’]’ and Q, M
(12x12)and Q (12z1) are matrices. The bottom 7 equations are equations A4.1-

Eg i1
bt

Q +Q

o } (A4.8)

z

A4.7, expressed as the law of motion for the lagrange multipliers, while the other

four equations are the aggregate demand and aggregate supply equations for the two
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countries. Considering a bounded stochastic process for the productivity shocks, a
bounded optimal plan exists and it is unique, since the matrix (Q7')M has exactly
5 eigenvalues inside the unit circle and there are 5 predetermined variables in A4.8.

The unique bounded solution can be written as:

¢ = N1 +G& (A4.9)
¢ = R¢y+ 5
& = P&o1+tue

From the first equation in A4.9 we can eliminate ¢, and ¢35, and we can express the
nominal interest rate as a function of the real shocks in the economy:
R, = R(L)& (A4.10)

-~

R = T(L)ft

where & = [2¢, 2f] and R(L) and T(L) are polynomials of first order.
Combining A4.10 with the equilibrium conditions I can reduce the set of equilib-

rium conditions to the bivariate dynamical set up given by:
Dgt = EtBgiy1 + J&41 + K& (A4.11)

where ¢+ = [yt,7n¢). The equilibrium will be locally unique if and only if the two
eigenvalues of B are inside the unit circle. Yet, this is not the case. The eigenvalues
of B are real and positive, but one is bigger than one while the other is less than one.
The fact that one eigenvalue has modulus less than one, even though both elements
of g, are not predetermined, implies that for {g:} any bounded stochastic process
satisfying A4.11, another bounded solution is given by: g} = g; + f(; where f is the
eigenvector of B associated with the eigenvalue with modulus less than one(y;), and
the stochastic process (; satisfies: (141 = w1t + wey1, where wiyq is any bounded
random variable with zero mean and it is unforcastable at date t. Hence, even if
the rule is chosen so as to be consistent with the optimal equilibrium, it does not
represent a desirable way of implementing optimal policy. Finally, the problem of
indeterminacy of equilibria can be resolved through sufficiently strong feedback from
the endogenous variables.
Approzimating the Optimal Plan

Here, I present the calculation of the periodograms of the impulse response func-

tions and the criterion I use for approximating the first best.
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Let TI(L) (IT*(L))be the 12 x 1 vector of moving average polynomials in response

to unitary shocks in z¢(2;), for domestic variables. Then,

o0
Pw) = Y e IIG)?
j=—o0
e . .
9P (w) = > eI |I*(j)|? ,where j = 1,120
j=—o00
I evaluate s9P(w) at w = 2Z& (the Fourier frequencies). I do the same for the
* simulated impulse responses for different values of coefficients in the interest rate
rule (27) and I look for values of v, v,,v,», that minimize the distance between the
two periodograms at medium and low frequencies. The values of the coefficients
in the feedback rule that approximate the optimal policy impulse responses are the

solutions to the problem:

/4 12 o z
i , P _ orule
Lmin 537 gu(s7(w) — 8740(w)
w=0{=1
/4 12 o z
i (*UP _ o*rule
v,filjf,},.u;);@(si (w) — siTe(w))

where ¢ denotes the number of variables included in the matrix II. ¢; = ¢ denotes the
weights that each variable receive in the minimization problem and I assume equal
weights for all the variables. The values of the coefficients that minimize the distance
between the periodograms of the impulse responses in a domestic productivity shock

and in a foreign productivity shock do not differ substantially.



Chapter 3

A Monetary Model of Factor Utilisation
joint with Katharine Neiss (Bank of England)w

1 Introduction

)
The current workhorse for the study of monetary po{icy is a sticky-price dynamic
stochastic general equilibrium model?’. Calvo (1983) and Rotemberg (1997) provide
the theoretical background for introducing nominal price rigidities within a tractable,
representative firm framework.This specification, known as the New Phillips curve,
has become standard in sticky price models (McCallum, 1997). A central component
of these New Keynesian models is that monetary shocks have real effects. Recent
work by Kiley (1998) and Chari, Kehoe and McGrattan (2000), however, has shown
that the predictions regarding persistence in the Calvo, partial adjustment model do
not generally carry over to more realistic models of Taylor - type (1979) staggering?!.
Moreover, in the basic New Keynesian model, the only way to induce protracted
effects of monetary policy on real variables is to assume a high degree of price stick-
iness. This is a rather unsatisfying mechanism given the controversy surrounding
the existence of price adjustment costs. But even if there is agreement that these
costs exist, there is no agreed framework for modelling the costs that firms face for

changing their price??,

19We thank Mark Astley, Larry Ball, Jordi Gali, Jens Larsen, Ed Nelson and Fergal Shortall for
helpful discussions. We are particularly indebted to Ed Nelson for his help in coding stochastic
simulations.

203ee for example Rotemberg and Woodford (1997) and McCallum and Nelson (1999).

#1See for example Jeanne (1997) and Anderson (19xx).
22 A recent paper by Mankiw (2000) reviews some more general weaknesses associated with the

New Keynesian Phillips curve, such as the counter-intuitive predicted relationship between expected
inflation and output as noted by Ball (1994).

47
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One way to address these criticisms is to reduce the model’s reliance on nominal
rigidities for the propagation of shocks, and assume a low degree of nominal rigidity.
In doing so, however, the propagation mechanism to monetary shocks in a standard
model is essentially eliminated. In a seminal paper, Ball and Romer (1990) suggest
that real rigidities have a crucial role in explaining nominal rigidities and the non-
neutrality of shocks. Indeed, these arguments are echoed in more recent work by
Romer (1996), Christiano, Eichenbaum, and Evans (1997), Kiley (1998), and Chari,
Kehoe, and McGrattan (2000). The hope is that real rigidities, coupled with small
nominal rigidities, are enough to induce non-neutral effects of monetary policy shocks.
In addition, real rigidities have the added benefit of bringing the predictions of a par-
tial adjustment model closer in line with more realistic, but cumbersome, staggered
price setting models as noted by Kiley (1998).

A related issue is the importance of fluctuations in investment in the transmis-
sion mechanism of monetary policy. Many sticky price models assume an exogenous
capital stock (Rotemberg and Woodford, 1997, McCallum and Nelson, 1999). The
behaviour of these models with endogenous capital formation has been a key area
of recent research (King and Watson 1996, Woodford 2000, Casares and McCallum
2000). A problem with sticky price models with capital is that of too much per-
sistence: output becomes excessively responsive to monetary shocks if capital can
be costlessly adjusted. In order to generate realistic dynamics, sticky price models
typically introduce a real rigidity in the form of capital adjustment costs— in essence,
making these models behave similarly to sticky price models with no capital. But
in the case of capital with adjustment costs, Chari, Kehoe, and McGrattan (2000)
note that the introduction of capital nevertheless plays a crucial role in reinforcing
the lack of persistence in staggered pricing and partial adjustment models.

This paper investigates the persistence properties of a sticky-price variant of Burn-
side and Eichenbaum’s (1996) model with capital and time-varying factor utilisation?3.
Burnside and Eichenbaum’s seminal paper showed that i.i.d. shocks to productivity

growth could generate persistence in a real business cycle model with time-varying fac-

Z3Fagnart, Licandro, and Portier (1999) investigate the implications of capacity utilisation in a
model with explicit micro-foundations, and find that capacity utilisation is an important mechanism
for the propagation of technology shocks. Although the depreciation through use assumption in the
BE moadel is a crude way of modelling capacity utilisation, the authors find that it generates similar

predictions to those based on a more micro-founded approach.
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tor utilisation. We investigate whether the persistence properties of the model carry
over to nominal shocks in a sticky-price environment. We find that the introduction
of time varying factor utilisation can generate a persistence response to monetary
policy shocks, even at relatively low levels of nominal rigidity?*. Unlike sticky-price
models with capital adjustment costs, time-varying factor utilisation elicits an even
greater response of investment to policy shocks, and as such allows for a reduction
in the assumed degree of price rigidity without sacrificing the persistence properties
of the model. In addition, at low levels of nominal rigidity, we are able to generate
realistic investment volatility without having to introduce capital adjustment costs.

We compare our results to sticky-price models with capital to explore more gener-
ally the relationship between nominal price rigidity and firms’ ability to adjust capital
services. As described in Chari, Kehoe, McGrattan (2000), in order to generate a
persistent output response to monetary shocks in a staggered price setting environ-
ment, price inertia must arise endogenously from optimal firm behaviour. One way
to achieve this is to reduce the sensitivity of costs to changes in output. In standard
models with variable labour input and predetermined capital, firms face sharply rising
short-run marginal costs. Firms therefore have relatively limited scope for adjusting
their inputs and hence nominal marginal cost. The only option for firms to restore
their mark-up in the face of unanticipated shocks is to change their price. In a model
where both capital and labour services can respond immediately to unanticipated
shocks, firms have an additional margin that they can adjust. Firms are therefore
better able to control their marginal costs by varying inputs, and as a result have
less of a need to adjust their prices to restore their mark-up. This is the mechanism
that a model of time varying factor utilisation exploits to generate persistence at low
degrees of nominal rigidity.

In a related paper, Christiano, Eichenbaum and Evans (2001) use staggered wage
contracts and variable capital utilisation to generate both output persistence and
inflation inertia. Labour market rigidities coupled with variable capital utilisation
both in their model and in the one presented in this paper introduce a strong inter-

nal propagation mechanism. In our model, labour market ’rigidities’ are represented

24 A related paper by Cook (1998) looks at the propagation mechanism of a real business cycle
model with time varying factor utilisation and dynamic complementarities in a limited participation
model. He finds that a transitory liquidity shock has a persistent effect on real output, and that

time varying factor utilisation plays an important role in augmenting the propagation mechanism.
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by labour hoarding (i.e., firms cannot adjust employment instantaneously), whereas
Christiano et. al (2001) (in a more complete framework) assume staggered wage
contracts. Their model includes various departures from the standard general equi-
librium model, such as habit persistence in consumption and investment adjustment
costs, in order to account for the response of consumption and investment to a mon-
etary policy shock. For a small degree of price rigidities our model’s predictions for
the behaviour of output and investment coincide with the ones in their model. In
contrast with Christiano et al. (2001) we are not able to generate inertia in inflation
 since wages are completely flexible in our model.

The paper is organised as follows. In Section 2 we describe the model, Section
3 discusses the calibration and impulse responses of our benchmark model, Section
4 looks at other sticky-price models both with and without capital, Section 5 com-
pares the various model statistics, Section 6 explores the mechanisms that generate

persistence in the model and Section 7 concludes.

2 A model of time-varying factor utilisation

This section describes a sticky-price variant of Burnside and Eichenbaum’s (1996)
model with capital formation and time-varying effort and capital utilisation rates.
The economy consists of infinitely-lived agents, firms, and a government sector.
Households and firms optimise intertemporally and have rational expectations. As
is usually assumed in the New Keynesian literature, monopolistic firms set their
price to maximise profits, but cannot always adjust them instantaneously in response
to changing economic conditions. Nominal price stickiness is modelled as in Calvo’s
(1983) specification of price adjustment. Firms produce a continuum of differentiated
goods, which are aggregated to produce a single composite good that can be used for
consumption and investment. Households derive utility from the transactions services
provided by real balances, and the economy is subject to shocks to real productivity,
government spending and the nominal money stock. The key feature of the model is
factor hoarding by firms. Following Burnside and Eichenbaum, we assume that the
technology for producing differentiated goods depends on capital and labour services.
The latter is defined as labour effort times total hours worked. The former is defined
as capital utilisation times the existing physical stock of capital. The rate at which

capital depreciates is assumed to be a function of the capital utilisation rate. As a
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result, in equilibrium, firms may over- or under-utilise (e.g. hoard) capital. Moreover,
the equilibrium amount of labour units employed (measured in heads) in production

is assumed to be chosen prior to the realisation of period shocks.

2.1 Households

Households consume a continuum of differentiated goods indexed by 7 € [0,1]. The
composite consumption good (C}), which is defined by a Dixit-Stiglitz aggregate over
the multiplicity of goods, and price index (P,) are defined as:

C, = H ¢ (i)pT-ldi]E

and

P = jp,(i)_ ai|
’ )

where the elasticity of substitution between differentiated goods, , is assumed to
be greater than one.

The economy is inhabited by a large number of households, each of which has
preferences defined over the composite consumption good (C}), real money balances
(%fi), and leisure. Following Hansen (1985) and Rogerson (1988), we assume that
agents face a lottery, which determines whether or not they will be employed®. The
probability of employment in time t is given by (NN;). Those employed work a fixed
shift length h, and incur a fixed cost of commuting out of their total time endowment
x. Whether time spent at work contributes to leisure depends on the level of effort
(e;) expended. Effective hours of leisure for the fraction of the population currently
employed are thus given by 7 — x — hey.

The proportion (1 — N;) of the population not currently employed derive leisure

from their total time endowment?. The proportion of the population currently in

25 A more general specification of the utility function is adopted in Section 6.
2 Indivisibility of labour makes aggregation easier, and implies a labour supply elasticity of zero.

The steady state elasticity of effort supply is not zero, however, but equal to T—;X ~ 1.
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employment is assumed to be predetermined. This captures the notion that employ-
ment in heads cannot be immediately adjusted in response to unanticipated shocks
and that firms must make employment decisions conditional on their view about the
future state of demand and technology. The assumption of predetermined employ-
ment can be rationalised by the existence of labour market rigidities, such as labour
unions, that restrict the ability of firms to instantly adjust employment in response
to unanticipated shocks.

Households have access to a complete set of contigent bonds. The representative
household chooses a sequence of consumption, effort, nominal money balances and
one-period bond holdings (B:+1), capital (Ki4+1), utilisation (Uy), and employment

(N¢+1), to maximise lifetime utility:

y ‘ 1 M‘i l-¢
E,;,B’ InCo, +6N.., ln(T—x—het+j)+0(1“Nt+j)ln(T)+I:—g_ P;:jj

subject to a series of period budget constraints:

PG, +P 1. +Mi, +B, =B w N, e +Br U K. +M\ +(1+R, )B, +T, +V,,

]+ f My t+f t+5+1 237 I S 7 It o e 2 g
(4)

Vj =0,1,...00, where § > 0, ¢ > 0, and 8 € (0,1). In the budget constraint,
R;_14;denotes the net nominal interest rate,rs;; denotes the rental rate on capital
services, and V;;; and I';y; denote lJump sum firm profits and government transfers,

respectively. Investment (I;4;) is related to the capital stock by:

I

tHJ =

¢
I<t+l+j _(1—6(]”]')]{”]' (5)
Following Greenword, Hercowitz and Huffman (1988) the evolution of capital
assumes that using capital more intensively increases the rate at which capital de-
preciates, where 6§ € [0,1) and ¢ > 1. The parameter ¢ is negatively related to the
responsiveness of utilisation to shocks, and is interpreted as the elasticity of depre-

ciation with respect to utilisation. For very large values of ¢, the negative effects of
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utilisation on depreciation dominate the positive effects of utilisation on output, and
firms choose to keep utilisation constant.

The first order conditions for the representative household are given in Appendix

2.2 Firms

There is a continuum of monopolistically competitive firms, indexed by i € {0,1].
Each firm i chooses its factor inputs, labour services (/NVie;) and capital services

(K:Uy), in order to minimise costs of producing a given level of output (Y7):

w e +1KU,
subject to its technological constraint on production?’:

Y S(KU,) ™ (Nhe X,)" @

where 0 < a < 1. The process for the level of technology is assumed to follow a

logarithmic random walk with drift:

X, =X, oxp(y +v) ®

where v;71.1.d.(0,04). The firm chooses labour and capital services such that:

aYme,
W, =—1—=
Ne,

9

r=@—aﬁ%@

KU, (1)

27 An alternative model of factor hoarding, due to Bils and Cho (1994), relates capital utilisation
directly to effort in the production function. This specification has perhaps greater intuitive appeal
in that increases in total hours worked automatically raises the degree to which the existing physical
capital stock is utilised. However, Burnside and Eichenbaum note that the propagation mechanism of
this alternative model of factor hoarding is much weaker. Although the specification adopted in the
present paper does not mechanically link utilisation to effort, they will nevertheless move together

in response to shocks since they are assumed to be complements in production.
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where mc; denotes the unit cost function, or real marginal cost.

As described in King and Wolman (1996) and Yun (1996), each firm 7 is allowed
to reset its price (13;) according to a stochastic time-dependent rule that depends on
receiving a signal at a constant random rate (1 — n). The parameter 7 governs the
degree of nominal price rigidity: if 7 is equal to 0, then prices are perfectly flexible; if
7 is equal to 1, then firms never have the opportunity to revise their prices. Producers
face an idiosyncratic risk due to the uncertainty of price adjustment. The probability
that the price set at time ¢ still prevails at ¢ + j is given by 7. Each firm with an

Aopportunity to change its price will choose it to maximise profits, taking aggregate
output (Y;), the aggregate price level (P;), nominal marginal cost (M Cf), and demand
for its good (Y;) as given:

o0
E; ZAt,HJ”?J [PZ -M t+j] Yti+j (11)
=

subject to:

P’
Y,ij=[;—] ¥, =01,
! (12)

The solution to this problem yields the firm’s optimal price (), which is given
by:
o) E; Z;?—_o At,t+j77j [Ytiﬂ'mci_;_j]
p=1  EeY3ZoAetrin Yy,

In the above relationship,;%1 is the steady state mark-up, or the inverse of the

Pi= (13)

steady state real marginal cost. Equation (1.13) illustrates that the optimal price
depends on current and expected future demand and real marginal cost (mct). Intu-
itively, firms know that the price they set today may also apply in future periods, so
the expected state of the economy influences the price they choose today.

Given the pricing decisions of each firm ¢, the aggregate pricing price index evolves

according to:
R
Po= oS + (1 -n)BP) T (14)

The aggregate price level is therefore a weighted average of prices set in ¢t — 1, to

reflect the fact that some firms cannot change their price in period ¢, and the optimal
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price, to reflect the fact that the remaining firms can reset their price to the optimal

price at time t.

2.3 Government

Real government purchases of goods and services are modelled as an exogenous

stochastic process?®

.
.

where gy = p(1—pg)+pgg1—1+¢€gt, With |pg| < 1, and €4¢74.4.d.(0, o). Government
expenditure serves as the second real shock in the model.

The nominal money supply process is assumed to follow??:

S . S
M =p M, (16)
where p; = pupe-1 + eut, with |pu] < 1, and e,;74.4.d.(0,0,). Shocks to the
growth rate of the nominal money supply introduce a third source of uncertainty in
the model.

The government finances its expenditures and lump sum transfers to the repre-
sentative household through seignorage. It must satisfy its budget constraint, which
is given by:
+I,, =M, —-M

t+j t+j t=1+j (17)

PG,

+j
forall 7=0,1,..00.

2.4 Market clearing

Finally, the economy is subject to the following resource constraint:

Y =C. .+ .+G

t+j t+f t+j t+f (18)

BThe process assumed simplifies the analysis of the variables adjusted for growth.
2McGrattan (1999) shows that the responses of real variables with respect to productivity and

government spending shocks is affected by specific monetary policy rules. In the last section we check

for the validity of our results in equilibria where policy is described by a Taylor rule.
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In the money market, the equilibrium quantity of nominal money demanded must

equal supply:

d 5
Mr+j —M-O-j (19)

2.5 Equilibrium

An equilibrium for this economy is a collection of allocations for: consumers {C}, ez, N¢41,
Ui, Kiy1, Mz, Byt }; and producers {Y;, Ky, Ny, Uy, e:}; together with prices {wy, ¢, Re—1
and P} for i € [0,1]} that satisfy the following conditions: (a) taking prices as given,
consumer allocations solve the consumer’s problem, (b) taking all prices but their
own as given, producer allocations satisfy the producer’s problem, (c) factor markets
clear, and (d) the resource constraint holds.
In order to investigate the dynamics of the model, we log-linearise the equilibrium

conditions around the steady state. The system of log-linear equations is presented

in Appendix 2.

2.6 Shocks

There are three types of shocks in this model: two real shocks (technology and
government spending), and a nominal money supply shock. Each shock is assumed

to follow an AR(1) process:

Productivity
b= e -
Government Spending
Gt = pgQt—1 +€gt (21)
Money
fit = pulit—1+&pt (22)

where € A¢, €¢¢, and €,¢ are mutually independent white noise, normally distributed

processes. .
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3 Benchmark model

3.1 Calibration

In this section we describe the parameter values for our benchmark economy.

Table 1: Benchmark calibration
Parameter | Description Value
B Discount factor 1.03—}{,
a Elasticity of effective labour 0.674
6 Preference parameter for leisure 3.89
h Shift length, in hours . 324.8
V4 Fixed cost of travel, in hours 60
T Total time endowment in hours 1369.2
7, Gross trend growth rate of technology 1.0034
') Steady state rate of depreciation 0.0195
¢ Elasticity of depreciation with respect to 1.56
utilisation
P Gross steady state mark-up 1.145
p-1
1/eR™S Interest semielasticity of money 0.14
demand
n Probability that a firm will be unable to 0.25
change its price
¢ U Steady state level of effort and capital 1.0,1.0
utilisation
N Steady state employment rate 0.8
0, AR(1) parameter on productivity shock 0.0
p. AR(1) parameter on money shock 0.603
p AR(1) parameter on government 0.956
e .
spending shock
o, .Standar.d deviation of technology 0.0072
mnovations
- Standard deviation of money 0.0082
a innovations
- Standard deviations of government 0.0146
& innovations

Most of the parameter values in our benchmark model correspond to those in
Burnside and Eichenbaum (1996). S, h, x, 7, p and € are not estimated. The discount
factor is calibrated such that the steady state annualised real interest rate is equal

" to 3%.. The parameter h, the number of hours worked by an employed person,
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is calibrated so that the steady state level of effort equals one. The time spent
commuting per quarter, X, is set to 600. This value falls in the middle of the range
reported by Burnside and Eichenbaum (1996). The total quarterly time endowment
T is fixed at 1,369.2 hours. The calibrated value for the parameter p implies a steady-
state markup of 14.5%. The interest semielasticity of money demand®!, 1/eRss, is
calibrated to take on a value of 0.14, this value is consistent with the values estimated
in Stock and Watson (1993)32,

The parameters @, 8,7z, 6, ¢, pa, P9y 04 and oy take thé estimated values given in
Burnside-Eichenbaum (1996). The persistence p, and variance o, of the monetary
policy shock are taken from the estimation in Yun (1996).

The specification of the utility function in the benchmark model, although consis-
tent with balanced growth (see Cooley and Prescott, 1995), has several unattractive
features. The elasticity of labour supply is zero, whereas the elasticity of effective
hours of work is related to the elasticity of effort supply which is given by 1:2,%@
In the steady state this value is equal to approximately 3. Blanchard and Fischer
(1988) and Blanchard (1990) show that a very elastic labour supply can generate
persistence. This is not the case in our utility specification, since what matters for
aggregation is the average labour supply. Mulligan (1999) finds that the assumption
of indivisibility of labour does not necessarily have implications for model dynamics.
He demonstrates that the models of indivisible and divisible labour are equivalent
from a macroeconomic perspective as long as labour supply is identified as average
labour supply in the indivisible labour model. In our model, the average labour
supbly elasticity is equal to 0.33, which falls within the range of empirical estimates
[0.1,1]33. Nevertheless, in Section 6 we consider more general preferences that do not
have the above mentioned features.

The key parameter values of the model are ¢, the parameter governing the degree

to which firms will choose to vary capital utilisation in response to shocks, and 7 the

30This amounts to commuting approximately 1 hour per day.
31The consumptrion elasticity of money demand equals s/e. In order to maintain comparability

with Burnside and Eichenbaum, we set =1 in the benchmark specification. However, we check the
validity of our results for more plausible values for the consumption elasticity of money demand.
More specifically, when we set 0=5 ( implying a consumption elasticity of 0.7) our results concerning
the behaviour of the variables with respect to monetary disturbances do not change.

32See also Mankiw and Summers (1986), Lucas (1988).
- 3The effort elasticity is estmated using simulated data by regressing effort on real wages.
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degree of nominal rigidity. As it is illustrated in Buxfnside and Eichenbaum (1996),
the estimate of ¢ depends on the mean of the series for depreciation. The expected
value of the rate of depreciation, &, is equal to 0.0195, which implies ¢=1.56 (The
implied two-standard deviation band for quarterly depreciation is 0.0181, 0.0206). In
standard sticky-price models, 77 often takes the value of around 0.75, indicating that
firms change their price on average once a year. Estimates of this parameter vary from
0.75 in Gali and Gertler (1999)34, to 0.5 in See Gali, Gertler, Lopez-Salido (2001)3°.
Our benchmark value of 7 = 0.25 assumes a lower bdegree of nominal rigidity. This is

discussed further below.

3.2 Impulse responses

In this section we report the impulse response of the benchmark model to a produc-
tivity, government spending, and money shock.

Figure 1 plots the responses of the endogenous variables to a 1% white noise
productivity growth shock. Because the assumed degree of nominal rigidity is very
low in the benchmark model (the average frequency of price adjustment is a little
over once per quarter), the impulse responses reported here essentially replicate those
in Burnside and Eichenbaum (1996). The key finding of that paper is that variable
factor utilisation magnifies the impact of a real shock. In addition, despite the fact
that productivity growth shocks are assumed to be white noise, the real effect of
the shock is highly persistent. This is because both labour and capital services can
vary in response to shocks. Firms would like to increase their factor inputs to fully
exploit the temporarily higher growth rate of productivity. In a standard two-factor
input model with predetermined capital, the increased demand for labour services is
dampened somewhat by the short-run rigidity of capital, which causes the marginal
productivity of labour to decline quite sharply. With variable factor utilisation, firms
can increase capital as well as labour services. In doing so, their action magnifies the

impact effect of the productivity shock on output.

34Gee Blinder (1994), Sbordone (1998) and Taylor (1999) for empirical evidence of nominal price
rigidities in the US.
353ee also Gali, Gertler and Lopez-Salido (2001).
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The effect of the shock is persistent because of the combined effect of utilisation
on depreciation and hence the capital stock, and the assumption of labour hoarding.
In periods following the shock, the physical capital stock is lower. Output must
remain high to finance investment and build up the capital stock. Utilisation and
employment remain above steady state to generate the higher output needed to bring
the capital stock back to steady state. The transition path of the capital stock back
to its steady state is relatively slow, since higher utilisation rates along this path
dampen the rate at which capital accumulates. In addition to this mechanism, the
assumption that it is costless to adjust hours worked in the period after the shock
leads to an immediate response of effort in the impact period. In the second period
hours respond by relatively more so that investment in the physical capital stock
comes online with increases in employment. These combined effects lead to a hump-
shaped response in output.

Figure 2 plots the model impulse responses to a temporary increase in the growth
rate of government spending. The effect of a demand shock is also similar to that
found in Burnside and Eichenbaum’s original model. Utilisation and effort increase on
impact to satisfy temporarily higher demand. Higher utilisation in turn temporarily
reduces the capital stock. Output must remain higher in subsequent periods, reflected
in utilisation and employment rates above steady state, to satisfy the temporarily
higher demand and finance investment in order to restore the capital stock to it

steady state level.
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Figure 2: Responses to a government spending shock

Figure 3:

Figure 3 plots the impulse responses to a shock to the money supply rule. Despite
the low degree of nominal rigidity assumed, the response of the real variables to the
shock is on par with the impact of real shocks in the economy. The effect of the shock
is quite persistent in subsequent periods, with variables returning to steady state in
approximately five quarters-somewhat longer than the period over which prices are
assumed to be fixed at just over one quarter.

Money has real effects because it also moves the aggregate supply curve. A shock

in the growth rate of the money supply leads to a proportional increase in the price
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level, leaving real balances practically unchanged. However, expected inflation in-
creases less than actual inflation, generating a wealth effect that increases the supply
of effective labour. Given, the complementarity of effective labour and capital, utiliza-
tion also increases. As a result, investment increases to replace depreciated capital.
This produces persistence in output responses. The hump-shaped response in output
arises for the same reason as in the case of a productivity shock: employment in the

period after the shock rises by more than the contemporaneous response of effort.

4 Other sticky-price models

In this section we consider alternative sticky-price models, with the aim of comparing .
the model with time-varying factor utilisation to models without capital, and models

with capital and capital adjustment costs.

4.1 Calibration

A model without capital has a similar structure to the one presented above with
a fixed level of capital services, and where variations in effort are interpreted as
variations in labour supply.

Standard two-factor input models with endogenous capital typically introduce
capital adjustment costs in order to reduce the response of real variables to a money
shock (see King and Watson, 1996, Chari, Kehoe and McGrattan, 2000, and Casares
and McCallum 2000, Woodford 2000). In this case, the capital accumulation equation
is assumed to take the form:

2
K. —(1-0)K, .
It+j=Kt+l+j _(1_§)Kt+j+§ — I(< ) £ _(7x-1+6) Kt+j

t+j

(23)

where the parameter b determines the size of the capital adjustment cost.
The calibrated parameter values for a standard one- and two-factor input model
both with and without capital adjustment costs are reported in Table 2. Only param-

eter values that take on a different value from those reported in Table 1 are included
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below.
Table 2: Models without time-varying factor utilisation and effort

Parameter Value
6 2.1
h 1
X
T 1 Steady state time endowment normalised

to 1.
¢ 10000
e 0.33 Steady state level of employment.
u 1
N 1
b =0 no capital adj costs | Capital adjustment cost parameter
=19.4 w/ capital adj costs

In the standard one- or two-factor input model, effort is interpreted as labour
supply3®. Its steady state value is calibrated to . The adjustment cost parameter, b,
takes on a value of 19.4, and governs the response of investment to changes in the
real return of the asset®”. When there are no capital adjustment costs (b = 0), then
the response of investment is unconstrained, and in the case of money shocks leads
to unrealistically large responses in investment and output3®. For this reason, the
parameter indexing the size of adjustment costs is a crucial parameter governing the
response of sticky-price models with capital. Our benchmark value for b is calibrated
in a similar way to that in Casares and McCallum (2000), namely that the semi-
elasticity of investment with respect to the return of the real asset is around 3.25%.

The resulting value for the adjustment cost parameter falls within the range explored

36Tn this case the elasticity of labour supply is given by 3:—:‘, which for our calibartion impies a
steady state value of around 2, somewhat lower than the typical value assumed in the RBC literature.

371f the adjustment costs are described generically by the function ¢ (TI(‘;), where 1/¢' (T?;) is in-
terpreted as Tobin’s q, then adjustment costs affect the second derivative ¢’ (TI{‘;) When adjustment
costs are zero, the second derivative is zero. The higher the adjustment costs parameter b the larger
the second derivative, and the smaller the response of the investment-to-capital ratio to variations
in Tobin’s q.

38Gee Casares and McCallum (2000) and Ellison and Scott (2001).



CHAPTER 3: A Monetary Model of Factor Utilisation 64

in the above references. These are given in Table 339,

Table 3: Capital Adjustment Cost Parameter, b

Woodford, 3 Calibrated such that the degree of

(2000) : responsiveness of private expenditure is
similar to that estimated in Rotemberg
and Woodford (1997)

Casares and 13.4-19.4 | Calibrated such that the semi-elasticity of

McCallum, investment with respect to real asset

[(2000) returns is 2.25-3.25%

King and 40 Calibrated such that the elasticity of the

Watson, (1996) investment-to-capital ratio with respect to
Tobin’s g is 1.

Chari, Kehoe, | 87, 88.5, | Calibrated such that U(I/ ) 5325

and McGrattan, 110 a(7)

(2000)

4.2 Comparison of impulse responses

In this section we compare the impulse responses of our benchmark model of time-
varying factor utilisation to those of other sticky-price models*. The degree of nom-
inal rigidity assumed implies firms adjust their price on average just over once per
quarter (n = 0.25). ,

Figure 4 illustrates the basic motivation behind Burnside and Eichenbaum’s model,
namely that standard models with constant utilisation rates cannot generate a per-
sistent response to a white noise productivity growth shock. The impact effect of the
shock, as well as the persistence, is much lower in models without time-varying fac-
tor utilisation. In order to generate persistence, a highly autocorrelated productivity

shock in levels (eg pa = 0.95) is usually assumed in these models.

39The estimated parameter assumes quadratic adjustment costs as described by Eq. 1.23.

49For brevity we only compare the model responses to productivity and money shocks.
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Figure 4: Response to a productivity shock
: SPOLS P e

We now turn to the various model responses to a money shock. These are illus-
trated in Figure 5.

In models with constant factor utilisation, the low degree of nominal rigidity is
reflected in a very small response of real variables. For reasons discussed above, how-
ever, our benchmark sticky-price model with factor utilisation does show a relatively

large impact and persistent effect of a money shock.
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An interesting feature of Figure 5 is the implied relationship between output and
real marginal cost across the different models. The response of real marginal cost is
similar across models, whereas the response of output is quite different. Why is this
the case? Woodford (2000) finds similar cyclical variation in real marginal costs for
standard models both with and without capital, which he attributes to relatively small
cyclical variation in the capital stock. In models with time-varying factor utilisation,
although it is true that for a given level of employment services an increase in capital
services reduces marginal cost, the equilibrium response of firms will be to increase
employment by more than would otherwise be the case given that they are now able
to increase capital services as well. These two competing effects on marginal cost
together leave its response unchanged in relation to other model specifications. For a
model with time-varying factor utilisation, it seems, real marginal cost is less sensitive

to changes in output. This is discussed in more detail in Section 5 below.

5 Model simulations

5.1 Model statistics

In this section we investigate simulated statistics across the different model variants.
We allow for both productivity and policy shocks, the standard de\-/iations of which
are calibrated as reported in Table 1. In Table 4 we first compare model statistics
across the sticky-price model variants assuming our benchmark low degree of nominal
rigidity. The relatively low standard deviations for output in the no capital, capital,
and capital with adjustment costs cases reflect the limited amount of response in
those models to both white noise productivity growth shocks and money shocks in
an environment of low nominal rigidity. The statistics are somewhat similar to those
reported in King and Watson (1996) for RBC models. The statistics of the factor
utilisation model match the data better. Despite the absence of capital adjustment
costs, investment does not vary too much, but by more than in a standard sticky-
price model with capital. The increased variability of investment is a consequence of
the depreciation-through-use assumption and the desire by firms to invest such that
the capital stock comes on line with employment.

When we consider conditional moments, we find that all shocks have a substantial

role in explaining the variance of the real variables for the factor utilisation model.
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In particular, 38% of the variability of output is due to productivity shocks, while
27% is due to monetary shocks. Real supply and demand shocks account for 59% of
the variability of investment and the remaining 41% is due to monetary shocks. By
comparison, in the no capital model, most of the variability of the real variables is due
to real demand shocks and supply shocks have a very small overall effect. This is in
contrast to models with capital where fluctuations in real variables are dominated by
supply shocks when the assumed degree of nominal rigidity is fairly low. In particular,
56% of the fluctuations in output are due to productivity shocks, while money shocks
account for only 17% of these fluctuations. In the model with capital adjustment
costs, these values become 65% and 7%, respectively. Again, money has a relatively
small role on explaining business cycle fluctuations because the degree of nominal

rigidity assumed is very low.

Table 4: Model Statistics, n=0.25

Model Setting
Data* No capital Capital Capital with | Time-varying
adjustment factor
costs utilisation

a(r) 1.72 0.73 0.78 0.71 1.54
a(C) 0.86 0.88 0.49 0.58 0.67
O'(I) 8.24 - 1.50 0.88 432
o (eN) 1.59 0.73 0.87 0.75 2.10
o (K) 0.63** - 0.92 0.92 0.89
o (KU) - - - - 1.29
o(R) 1.29 2.31 2.32 2.20 2.38

*Data for the US are taken from Cooley (1995), Ch. 7, Table 7.1.
*+Bils and Cho (1994), HP filtered quarterly US data, 1955:3-1984:1
Model statistics are numerically calculated from model simulations.

We now look at the model statistics in the case where the degree of nominal rigidity
is assumed to take on a more standard value of n = 0.75. These are reported in Table
5. The statistics indicate that the no capital model matches the data fairly well.
The main problem is that consumption is too volatile. This could be reduced with

the introduction of habit formation in household preferences (see Fuhrer, 2000)4!,

418ee Christiano, Eichenbaum, and Evans (2001) for an example of habit persistence in a sticky-
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The model with capital illustrates the excessively volatile response of investment and
hence output when there are no capital adjustment costs. The model with capital
and adjustment costs is considered as an intermediate case: the smaller the capital
adjustment costs, the closer the model is to a standard two-factor input model; the
larger the capital adjustment costs, the closer the model is to behaving as though
capital were fixed. The simulations indicate that appropriate calibration of the capital
adjustment cost parameters clearly has important implications for the behaviour of
the model as noted by Woodford (2000). |

Comparing the last two columns illustrates that introducing factor utilisation ex-
acerbates the volatility of investment and hence output. This is due to the additional
impact on the capital stock of varying utilisation on depreciation. The introduction
of factor utilisation, therefore, seems to worsen the dynamic properties of the model
by increasing the sensitivity of investment with respect to monetary shocks. But it
is precisely the increased sensitivity of investment that allows for a reduction in the
degree of nominal rigidity in a model with time-varying factor utilisation, without
sacrificing its response to policy shocks.

This point is better illustrated by considering the conditional moments of the
shocks. In the factor hoarding model with a high degree of nominal rigidity (and also
in the model with capital and no adjustment costs), the magnitude of the response of
real variables with respect to monetary shocks is huge. As a result, monetary shocks
are the dominant source of fluctuations in real variables in this case. For example,
monetary shocks account for 82% of the fluctuations in output, while productivity
disturbances account for just 12% of these fluctuations. Nominal shocks are the
main source of fluctuations in the no capital model as well, although the absence of
investment dynamics moderates the magnitude of the responses of real variables with

respect to monetary disturbances in this case.

price model with factor utilisation.
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Table 5: Model Statistics, n=0.75

Model Setting
Data* No Capital Capital Capital with | Time-varying
adjustment | factor
costs utilisation

o(¥) 1.72 1.26 4.03 1.63 16.65
P (C) 0.86 1.82 0.51 1.37 1.07
0-(1) 8.24 - 16.09 3.19 66.63
o'(eN) 1.59 1.86 6.74 2.76 21.05
o-(K) 0.63** - 1.02 0.92 2.94
c ( KU) - - - - 13.26
o (R) 1.29 1.36 249 121 2.86

*Data for the US are taken from Cooley (1995), Ch. 7, Table 7.1.
**Bils and Cho (1994), HP filtered quarterly US data, 1955:3-1984:1
Model statistics are numerically calculated from model simulations.

Many authors have tried to evaluate empirically the importance of monetary versus
real shocks in explaining business cycle fluctuations. Canova and De Nicolo (2000)
find that the relative importance of the two disturbances varies across countries and
over time, although their main finding is that demand shocks are the dominant source
of fluctuations in real variables for six of the G-7 countries. Roberts (1993) and Faust
(1998) also find that monetary shocks have an important role for output variability
in the US. On the other hand, Blanchard and Quah (1989), Temin (1998), Stock and
Watson (1989), and Astley and Yates (1999) provide empirical evidence that real
disturbances are the main source of business cycle fluctuations*2.

Given the mixed evidence on the sources of business cycles fluctuations, it is not
possible to evaluate whether the factor hoarding model or the standard sticky price
model is more relevant on the basis of conditional moments.

In addition, the factor-hoarding model cannot account for the empirical regu-
larities found in Gali (1999), namely that the estimated conditional correlations of

hours and productivity are negative for technology shocks and positive for monetary

42Blanchard and Quah (1989) and Gali (1992), (1999) identify supply shocks that have permanent

level effects, as assumed in our theoretical framework.
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shocks. Although both the standard sticky price models analysed in this section and
the benchmark model of factor hoarding can reconcile this feature at higher degrees

of nominal rigidity, we have seen that the overall dynamics of the latter model are

worse in this case,

5.2 Output and real marginal cost

To investigate further the question of persistence in response to a money shock, we
estimate the elasticity of real marginal cost with respect to output. These are reported
in Table 6, and reflect the findings of the impulse response functions, namely that
although the behaviour of output differs across the model specifications in response
to a money shock, the behaviour of real marginal cost is essentially identical. These
results are perhaps not surprising, given that the relationship between marginal cost
and output is affected by the behaviour of capital. The diverse response of capital
across the various model specifications in turn accounts for the range of elasticity
estimates.

Table 6: Elasticity of Real Marginal Cost with Respect to Qutput

Model Setting
Models No capital Capital Capital with Time-varying
adjustment factor
costs utilisation
Ome y 2.97 1.23 2.08 0.24
& mc

The relationship between marginal cost and output is crucial for understanding the
model’s response to monetary shocks. In principle, money has real effects only if
firms react to unanticipated shifts in demand by increasing quantities rather than by
increasing prices. Firms might behave so for two reasons: either because they are
constrained from changing their price in the short-run (which in turn depends on ),
or because marginal cost is relatively flat in the short-run. In the latter case, firms
have less of an incentive to raise their price in response to a demand shock since
they are able to raise their output to satisfy demand without eroding their mark-up.
An additional implication of the reduced sensitivity of marginal cost to output in
a model of factor hoarding, therefore, is that it provides a potential mechanism by

which nominal rigidities arise endogenously.
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In a recent paper, Kiley (1998) shows that the assumption of partial price adjust-
ment pricing, such as in the Calvo model we adopt here, imparts in general much
more persistence than does Taylor type price setting. However, in the case where the
elasticity of marginal cost with respect to output is small (eg less than one), the im-
plications of the two types of price setting are equivalent. Our finding that marginal
cost is relatively insensitive to changes in output suggests that the persistent output
response to a monetary shock with relatively low price rigidity and time-varying fac-
tor utilisation holds more generally in staggered price setting models. This finding
differs from that of Chari, Kehoe and McGrattan (2000), who conclude that output
persistence cannot be rationalised within a standard business cycle model with stag-
gered price setting without appealing to implausibly large nominal rigidities. In a
model with factor utilisation, it seems, small degrees of nominal rigidity can lead to

a persistent response to output by flattening the marginal cost curve.

5.3 Persistence

We calculate the conditional autocorrelation coefficient, £, of output for money shocks
to measure persistence for each of the model variants, assuming their respective
baseline degree of nominal rigidity. The values of £ are reported in Table 7. The
greater the greater the autocorrelation coefficient, the more persistent is the response
of output®,

Table 7 shows that the introduction of variable capital utilisation and effort in
a sticky-price model increases the persistence of output relative to standard models
despite the low degree of nominal rigidity assumed. This is because of the effect
of utilisation on depreciation, and of labour hoarding. Labour hoarding prolongs
the response of effective labour input, which in turn propagates the response of real
variables. On the contrary, models with capital are unable to generate persistence
for a low degree of price stickiness. This failure is a reflection of the lack of a strong
propagation mechanism in one and two- factor input models. The results in Table 7
also verify the result of Chari, Kehoe and McGrattan (2000) that in standard sticky-

price models the introduction of capital reduces persistence by providing agents with

*3We also calculate a measure of persistence due to Cochrane (1988) for each of the model variants,
assuming their respective baseline degree of nominal rigidity. This measure calculates how many
periods it takes output to return to of the variance of its first differences. We find that the factor

utilisation model is the most persistent based on this measure.



CHAPTER 3: A Monetary Model of Factor Utilisation 72

a mechanism for smoothing unanticipated shocks over time.

Table 7: Persistence

Model Setting Autocorrelation Autocorrelation
coefficient £ (n=0.25) coefficient £ (n=0.75)
No capital 0.51 0.74
{0.061) (0.049)
Capital 0.47 0.47
(0.062) (0.063)
Capital with Adjustment Costs 0.50 0.72
0.061) - (0.049)
Time Varying Factor Utilisation 0.76 0.75
(0.046) (0.047)
Time Varying Factor Utilization® — standard 0.70 0.68
preferences (0.051) (0.052)
Variable Capital Utilisation 0.46 0.46
(0.063) (0.063)
Labour Hoarding and Variable Effort 0.71 0.71
(0.05) (0.05)

* Numbers in the parenthesis denote standard errors.
+ For 0, =4,06, =3, the results are robust to the values of elasticities used as long as &, << O, .

6 Robustness

In this section we investigate how much each of the various features of the time-

varying factor utilisation model contribute to its performance.

6.1 General Preferences

In the benchmark model, preferences are such that the effort supply elasticity is large
and time-varying. One could argue that the persistent effects of monetary shocks
are a consequence of the particular utility specification adopted. In this section
we consider a more general specification of preferences with a smaller and constant

elasticity of labour supply. The preferences we consider take the form:

1-£
1 I y (M
u(c,N,e,M./P)=logC,— 4 —— N -1 Wo, 7 1%
(I vt t I) g t n1+o_ t el+o-eet l_g(gj

n

(24)

We find that under factor hoarding monetary shocks can still generate real and

persistent effects on output even for this more general specification of preferences as
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long as the elasticity of the marginal disutility of effort is smaller relatively to that
of employment (o, << oy, see also Gali, 1999)4. In Table 7 we report the value of
x for the model of factor utilisation with the more general preference specification.
On the basis of this, we conclude that the persistence results in a model of factor
hoarding are robust to alternative preference specifications, and are not due to the
indivisible labour supply assumption.

The persistence results are mainly drawn from the assumption on labour hoard-
ing. As we have seen in the benchmark case, the combined effect of predetermined
employment and the zero elasticity of hours supply were increasing the persistence
of the effective labour series and thus of capital and output. An unanticipated shock
invokes changes in effort in the impact period, because of labour hoarding. In order
to generate a persistent response of effective labour, employment should increase by
more than the impact response of effort in the second period. In the specification in
Eq (1.24) this happens when the effort supply elasticity is lower than the employment
supply elasticity.

6.2 Variable Capital Utilisation

In this section we investigate whether our results on persistence are driven by the
assumption of capital utilisation. Thus, we consider a two-factor input model with
variable capital utilisation. Such a model has a similar structure to the two-factor
input model presented in Section 4 with the additional feature that utilisation is
allowed to move. The calibrated values for this model are therefore the same as those
reported in Table 2, except that ¢ = 1.56.

We find that variable capital utilisation alone cannot account for the persistent
responses of output to monetary shocks (see Table 7). The introduction of variable
capital utilisation increases the magnitude of the response of real variables to unan-
ticipated shocks. However, it is still the case that we can generate realistic invéstment
volatility without having to assume capital adjustment costs at low degrees of nominal
rigidities. But this assumption alone cannot account for the increase in persistence
of real variables with respect to nominal shocks. In order for this to happen it must
be combined with real rigidities such as labour hoarding or real wage rigidities which

increase persistence (see also Christiano, Eichenbaum, and Evans, 2001).

“We investigate the behaviour of the model over a range of parameter values, 1 < Oe,0n < 10.
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6.3 Labour Hoarding and Variable Labour Effort

If we assume that there is no capital utilisation and effort is the only variable factor
that can vary in response to unanticipated shocks in the impact period, then the
impact effect of a monetary shock on real variables is persistent but small at low
degrees of nominal rigidities. The model we consider is the same as the one in Section
2 with ¢ = 10000. An increase in the degree of nominal rigidities raises the impact
effect of a nominal shock on real variables, but at a cost of unrealistic investment
volatility given that there are no constraints on adjusting capital.

The above analysis suggests that both capital and labour hoarding are important
for generating large and persistent responses of real variables to nominal shocks at low
degrees of nominal rigidities. For a high degree of nominal rigidity the introduction
of capital worsens the dynamic properties of the model by increasing the sensitivity
of investment to monetary policy shocks. McCallum and Casares (2000) suggest
that introducing capital adjustment costs improve the dynamics of the real variables.
Nevertheless, the introduction of capital adjustment costs in the factor hoarding

model reduces persistence (the autocorrelation coefficient in output is reduced by

13%)%.

6.4 Endogenous Monetary Policy

In the preceding discussion we have only analysed equilibria where monetary pol-
icy was exogenous. However, the empirical literature has demonstrated that policy
movements are largerly due to reactions to the state of the economy. In this section,
we analyse whether the persistent properties of our model change when the money
supply process in equation (16) is replaced by an interest rate rule. We consider two
types of endogenous policy.

A rule that has been frequently used in monetary models of the macroeconomy
is the Taylor rule (Taylor (1993)). It has been shown that the Taylor rule can match

well the behavior of interest rates in practise.6 This rule takes the form:

Ry = bymy + byys + pie

“5From 0.76 in the benchmark model reduces to 0.66 for 77=0.75 with capital adjustment costs.
6Gee Calrida, Gali and Gertler (1998, 2000) for an empirical analysis of Taylor rules.
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where b; = 1.5 and by = 0.5 as in the original paper of Taylor (1993) and p; represents
a policy shock. .
Following Leeper, Sims and Zha (1996) we, also, analyze equilibria where policy

is determined by:

Ry = bnmy + it

According to this rule the interest rate has feedback only from the money supply
contemporaneously, since inflation and output may not be observable when decision
about interest rate are taken.

Our findings can be summarized as follows: First, for low degrees of nominal
rigidities, after a policy shock, the factor hoarding model generates more persistent
responses of output relative to the other sticky price models.

McGrattan (1999) shows that the responses of real variables with respect to pro-
ductivity and government spending shocks are affected by specific monetary policy
rules. However, in our framework, for n = 0.25, this is not the case. When the mon-
etary authorities follow an endogenous interest rate rule, the responses of the real
variables after a productivity or a government spending shock hardly change relative
to the case of an exogenous money supply. This is because for low degrees of nominal
rigidities the economy behaves as if it had flexible prices. In this framework mone-
tary policy has almost no effects on real variables. However, this is not true when
1 = 0.75. When the assumed degree of nominal rigidities is high monetary policy has
real effects.

7 Conclusions

Recent debate has focussed on the failure of standard general equilibrium sticky-price
models to generate business cycle fluctuations unless an extreme degree of price stick-
iness is assumed. This paper investigates the propagation mechanism of monetary
shocks in an otherwise standard general equilibrium sticky-price model, modified to
incorporate factor hoarding in the form of variable capital utilisation rates and labour
effort. In contrast to previous studies, we find that real effects of monetary shocks
can be generated at a relatively low degree of nominal rigidity.

In addition, we show that our model can generate realistic variances of capital and

investment without having to assume capital adjustment costs. Contrary to standard
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sticky-price models with capital, the introduction of capital in our framework does not
affect persistence negatively. Indeed, the increased sensitivity of investment allows for
a reduction in the assumed degree of nominal rigidity without sacrificing the model’s
response to policy shocks.

Finally, we compare the predictions of our model with standard sticky-price mod-
els both with and without capital in order to gain insight in the relationship between
nominal price rigidity and a firm’s ability to adjust capital and labour services. The
sensitivity of marginal cost to output is closely related to a firm’s ability to adjust
its inputs. A model of variable factor utilisation introduces an additional margin by
which firms can respond to unanticipated shocks, reducing the effect of output on
marginal cost. In other words, variable capital utilisation results in a flattening of
the marginal cost schedule thereby introducing the possibility of endogenous price
stickiness. On the other hand, standard sticky-price models both with and without
capital are subject to increasing short-run marginal costs, which in turn dampens
the response of output. The real effect of monetary shocks on output in such models
is consequently weak, and can only be accomplished by assuming a relatively high

degree of nominal rigidity.
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APPENDIX 1

Representative household first order conditions
Allowing to denote the Lagrange multiplier on the household’s budget constraint,
the first order conditions for the representative agent are given by:

Consumption
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APPENDIX 2

Loglinearized conditions

Note that output, capital, consumption, investment, real money balances, and
the Lagrange multiplier are adjusted for growth. The system of equations that solve
the model is given by:

Consumption
=, =0 (A8)
Effort

~ - N eh -
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Money demand
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Hatted variables denote log-deviations from their steady state values. The vari-
able denotes the nominal Lagrange multiplier , adjusted for growth. is the de-meaned

quarterly net inflation rate, and and denote the de-meaned net nominal and real in-

terest rates, respectively.



Chapter 4

Sustaining a Monetary Union?”

1 Introduction

This paper investigates the optimal conduct of monetary policy in a currency area
when the central bank conducts monetary policy taking into account the possibility of
defection from the part of the region members. It is constructed around the, by now,
standard stochastic general equilibrium two country model with imperfect competi-
tion and price rigidities which allows for the welfare evaluations of different policies®®.
Unconstrained optimal policy in a monetary union implies the maximization of the
welfare of the consumers of each region subject to the aggregate constraints in the
economy. In the constrained optimum we solve the problem of the central bank in-
troducing an additional constraint: the present value of the utility of each region’s
consumers inside the union should be higher or equal than the present value of the
utility of each region’s consumers if it were to conduct monetary policy indepen-
dently. In the discussion below we will aim to answer the following question: Should
monetary policy stabilize an aggregate measure of inflation and output or should it
take into account the dispersion of inflation and output across regions.

Benigno (1999) studying the unconstrained problem of a central bank in a cur-
rency area has given a first answer to this question. He concludes that if the degree of
rigidity is the same and if the interest rate reacts to a weighted average of shocks and
variables, asymmetric shocks do not create asymmetric responses of inflation, output

and nominal interest rates. In the absence of participation constraints, optimal mon-

etary policy enhances the targeting of a weighted average of the harmonized inflation

47T would like to thank Albert Marcet for valuable advice and Ramon Marimon for his classes on

contract theory. I would also like to thank Richard Clarida and Mark Gertler for useful discussions.
483ee Woodford(1999), Gali and Monacelli (2000), Devereux and Engel (2000), Benigno (1999),

Pappa (2001), Benigno-Benigno {2001))
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index of regional consumer prices where the weights are constant and coincide with
each country’s share of total consumption. |

If the participation constraints were never binding the results of the unconstrained
with the constrained problem would be identical. This is not the case, since belonging
to a currency area implies costs for the region members. In Monacelli (2001) an econ-
omy relinquishing its monetary independence may face a potential trade-off between
higher instability in real activity and lower instability in inflation. In Benigno (1999)
a monetary union is associated with costly inertia in the terms of trade. In Devereux
(1999) the dependence of the money shocks in each country lead to increased vari-
ability of domestic variables which would be avoided under a flexible exchange rate
regime. Also Gali and Monacelli (2000) show that by relinquishing monetary policy
a small open economy might increase the volatility of its output, consumption and
inflation.

The introduction of participation constraints makes the corresponding maximiza-
tion problem of the central bank non recursive. However, following Marcet and
Marimon (1999), we can obtain a recursive formulation of our problem by expanding
the set of state variables to include new variables that summarize the history of the
shocks that the central bank should take into account when maximizing welfare with
enforceability constraints. The fact that at the initial period our new state variables
are well defined allows for a proper recursive formulation. Given the difficulties in
constructing a numerical algorithm to compute the equilibria in the presence of par-
ticipation constraints, we make some specific assumptions on the price setting and on
the functional forms to allow for closed form solutions. Prices are fixed one period in
advance and the assumed elasticity of substitution between home and foreign goods
is unitary. These simplifications allow us to derive explicit expressions for the ratio
of consumption between the two regions and the evolution of the nominal interest
rate. More general forms can only be solved analytically.

Our results can be summarized as follows: First, we find a trade-off between ef-
ficiency and incentives which emerges in settings with lack of a strong enforcement
technology. The way to deal with the enforcement problems is to manipulate the
future consumption paths of the two countries and sacrifice some risk sharing in con-
sumption. Second, we show that the evolution of the ratio of consumptions between

the two countries depends on the frequency with which the participation constraints
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bind. The individual consumption paths in the presence of participation constraints
depend on past temptations to defect. If enforcement constraints are binding for a
country member, in the constrained equilibrium, optimal monetary policy implies a
persistent increase in consumption for this country in order to prevent defection. An
immediate implication of this result is that individual paths of consumption depend
on individual histories and not on the aggregate consumption path. Thus, in the
presence of binding participation constraints asymmetric shocks do create asymmet-
ric responses of consumption, even if the two countries are identical in all the other
réspects. Moreover, the asymmetric movements in consumption affect the evolution
of inflation and employment and increase the instability of both nominal and real
activities.

With intertemporal incentives constraints, the recursive solutions correspond to
a central bank’s problem where regions’ weights vary according to how enforceability
constraints have been binding in the past. Optimal monetary policy in this frame-
work, might imply different weights for two otherwise identical countries depending
on the history of the shocks that each country has experienced. Consequently, in this
case, optimal policy enhances an interest rate rule where the nominal interest rate
does not have feedback only from regional inflations, but also from the individual his-
tories of the two regions. When the participation constraints are binding, the central
bank pursues a more expansionary policy with respect to productivity shocks than
in the unconstrained case.

Finally, the more the participation constraints bind the further the economy moves
from the unconstrained first best and the bigger the welfare losses for the members
of the union. One conclusion that could be then reached is that unions with more
idiosyncratic shocks across regions entail costs in terms of efficiency.

The rest of the paper is structured as follows. Section 2 presents the basic model
and Section 3 the problem of the central banks when they conduct policy indepen-
dently. The unconstrained maximization problem of the central bank in a currency
area is presented in Section 4 while Section 5 presents the constrained problem and
its equivalent recursive saddle point problem and compares the properties of the

constrained and the unconstrained solutions. Some conclusions follow.
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2 A Two-Country Model

The world is composed by two economies which feature identical preferences, tech-
nology, openness, and distribution of shocks. These two economies are the regions of
a currency area. Each region is populated by infinitely lived agents which produce a
single differentiated good and consume the goods produced in both economies. The
continuum of agents are normalized on the interval [0,1], the population of region
H belongs in the [0,n) interval while the population of region F in the [n,1]. Each
agent derives utility by consuming an index of consumption goods and disutility from
producing output. Households in both countries maximize the expected discounted
value of their utility flow. The production units are imperfectly competitive and
prices are fixed one period in advance. Producers face domestic and foreign demand
for their product but do not engage in international price discrimination.

There are shocks to the production of the differentiated goods at home and abroad.
These shocks are asymmetric in the sense that they are not perfectly correlated. At a
country level the asset markets are complete while a bond denominated in the union’s

currency is traded internationally.

2.1 Consumers

There is no migration across countries. In each period ¢, the economy experiences
one of finitely many events s;, Let h* denote the history of realized states from period
zero until period ¢, i.e., h* = {sp, 1, ..., st }. The probability, as of period zero, of any
particular history h? is w(h'). The initial realization sq is given. Assume that pref-
erences are identical across regions, in the home country consumers have preferences

given by:

EU =t = oi Z Bim(hf) [w(CH (6, 1)) - v(Yn (i, b), @) @

where the index i denotes a variable that is specific to agent ¢, and 3 is a discount
factor. u is an increasing concave function:

1-o

u(C) =

l-0o
and v an increasing convex function

v
v(Y,2) = 2_1}—,—— v>1
v H
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zH is a region-specific productivity shock and C¥ (i, h?) is an index of consumption

bundles defined as:
-1 -1 .
CH(i,hY) = [(1 — )7 Cx(5, B) T +anCp(i, )™ |71 2)
where Cy and Cr are indexes of consumption across the continuum of differentiated

goods produced respectively in region H and F:
/]
=1

Culh) = ((%)%/" Cnli ht)%di) o Cr(h) = ((1—}—7)% /1 Cr(i, ht)"—?alj)e_:1
0 n

Here, @ > 1 is the constant elasticity of substitution across goods produced within
the region, while the elasticity of substitution between the bundles Cy and CF is 7.

Given the indexes of consumption price indexes are defined accordingly:

PE(h%) = [(1 — @) Pu (k)17 + a(e(h?) Pr(h?)) 1] T 3)

Py(ht) = ( (%) /n PH(i,ht)l-"di)m, Pp(ht) = ((ﬁ) /l Pr(j, ht)l-"dj)
\ 0 n (4)

where e(h?) is the nominal exchange rate, Py (%, h) is the price of goods produced
in country H sold in the market of country H and Pr(j, ht) is the price of goods
produced in country F sold in the market of country F. Finally, P¥ (ht) denotes the
aggregate price index. ,

We assume that there is no international price discrimination and the law of
one price holds. Note that the foreign consumer price index will be analogously
PE(ht) = [(l—a)PF(ht)l“”+a(PH(ht)/e(ht))1""]31—'7 and therefore purchasing power
parity does not hold in this economy, unless there is no home bias in consumption.
The terms of trade are defined as the ratio of the price of the bundle of goods produced
in region F relative to the price of the bundle of goods produced in region H, s(h?) =
Pr(ht)/Py(ht). The real exchange rate is accordingly defined as: g(ht) = ﬂh—;};’—?%)h—tz.

The representative consumer in the home country receives after tax income from
selling her product, income from bond holdings and receives transfers, or pay taxes to
the regional government. Households then consume, accumulate capital and purchase
new assets. The budget constraint of the household 7 in region H is given by:

PH (RO (i, ) 4 Sy QA% YO (i, ) + B(rH) <

(1 — 7) Py (3, )Yy (3, ht) + 5 (3, bY) + (1 + R(h)) B(ht) + T'R(i, ht) )
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The home consumer purchases the set of securities b at price Q(ht, A1), which is
sufficient to span all the state of nature within region H. She also purchases the nom-
inal non contingent bond denominated in the unions currency B. Note that money
does not appear in either the utility function, or the budget constraint. This is be-
cause we do not need to introduce money explicitly in the model since monetary
policy is specified in terms of an optimal rule.

The domestic consumers’ optimal consumption may be described by the following
condition (the FOC of the foreign consumers is analogous):

H(pt+1 H(pt
,Bﬂ(ht+1) (u;£5}(Lhe) )) p]:r(;(:+)1) = 14 }1{(},}:) (6)

2.2 Producers

Agents are monopolists in selling their product and prices are sticky. All sellers fix
their price one period in advance and choose the price, Py (i, ht) for the produced
differentiated good i so as to maximize expected utility resulting from sale revenues
minus the disutility of output supply, taking as given P, Py, and Pr and subject to
a downward sloping demand function. Thus the home firm at t — 1 chooses its price

to maximize:
Y w(BYQRS, RV = 7) Pu (i, Y Yu (i, bY) — o(Yu(i, h); 27 (h5))} - (7)
Kt

where 2 (ht) (2F(h?))is a domestic (foreign) productivity shock.
From the properties of the consumers’ preferences it is easy to see that the demand

for firm i is given by:

-6
) Py (i, ht)
d By _ H\Y ¢ * 77t
where C}(ht) is the foreign demand for domestically produced goods.

The optimal pricing decisions for country H and F satisfy respectively:

v H (1), )Y (R} = 0
©)

Et-1{[Uc(CH(ht)) [(1 —a)+ as(ht)l—ﬂ]

Bt {07 (1)) [(1 — @) 4+ as(uy7=1] 777 — V(¥ P (1), )Y P ()} = 0
| (10)
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2.3 Governments

In each country the fiscal authority levies taxes and gives transfers. We assume that
governments do not issue bonds. Thus they must always balance their within period

budget. For the home country it holds:

r / Pui, R Y (i, ht)di = / TR(, h')ds (11)
t€H teEH

A similar condition holds for the foreign country.
We also assume that 7 = —( — 1)1, so that in equilibrium the market power

distortion created by the monopolistic structure in the market for differentiated goods

is neutralized.

2.4 Market Clearing

Total demand for domestic output comes form the demand for consumption of home

and foreign consumers. Thus, domestic output is determined by:

YH () = [(1 = o) + as(h)'~7] ™7 [(1 - @)C7(K) + (k)G (k1)
(12)

and for the foreign country:

YF(h) = [(1- @) + as(ht)"?] ™ [(1 - a)CF (W) + ag(h)"CH (1Y)
(13)

where g(h?) is the real exchange rate.

2.5 Exogenous Processes

The exogenous stochastic processes for the productivity shocks are assumed to follow
a Markov chain and their evolution is approximated by AR(1) processes:

2} = exp(v}), where v} = piv}_; + €},i = H, F and the cross correlation between
the two shocks is p*¥ and pF'¥.

and & is a (1 x 2) vector of mean zero i.i.d. shocks to technology with a diagonal
variance matrix Y. To keep the model as symmetric as possible we assume that the

foreign technology shocks take on identical variances to the home country shocks.
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The asymmetry between the two shocks is in the degree that they are correlated.
We will allow for positive correlations smaller than one and for negative correlations

between the two shocks.

2.6 Characterization of Equilibrium

We now turn to characterize the equilibrium policies and allocations. An equilib-
rium is a collection of allocations for home consumers CH(ht), M (ht), b(ht+1); al-
locations for foreign consumers C¥(ht), MF (ht), b*(ht*1); allocations and prices for
domestic goods Yx (i, ht), Pu(i,h?) for i € [0,n]; allocations and prices for foreign
goods Yr(i, h?), Pr(i, ht) for i € [n, 1];, aggregate price levels P¥(ht), P¥(h?), bond
prices Q7 (At ht), QF (R*¥1, ht) terms of trade s(h!) and individual transfers and
tax rates TR(3, k%), 7, TR* (i, ht), 7* and policies R(h') that satisfy the following con-
ditions: (z) taking as given the prices, consumers allocations solve the consumers’
problem, (i7) the price set by each differentiated good producer solves his problem
(#it) transfers satisfy (10) (iv) the central bank solves its maximization problem and
(v) markets clear. In order to complete the model we need to describe the problem

of the central bank in each of the cases we will consider.

3 Optimal Independent Monetary Policies

In this section we analyze the interaction between the two regions when they conduct
monetary policy independently. In this case the monetary authorities in each region
maximize the expected utility of the domestic consumers subject to the domestic
economy constraints and taking as given the policy of the foreign policymaker. The

objective of the domestic central bank is defined at each date ¢ as:
w! (1) = [uw(CH (h*) — v(YH (), 2 )] (14)
The welfare criterion is thus defined as:
=FEt 1 {Zﬁt m(h*)w } (15)

The domestic policymaker maximizes the welfare of its region’s consumers subject

to (6) and (9). (The problem of the foreign policymaker is defined in a specular way).



CHAPTER 3: Appendices 88

Notice that under flexible prices the optimal pricing decisions for region H and F

satisfy:

U™ (1)) [(1 — @) + as(h)=1] ™ = V(Y H(h), 81 (16)

ULCF () [(1 = a) +as(ht)1] ™ = V(v F (k1) 2F) (17)
Under flexible prices a positive productivity shock decreases the marginal disutility
of producing domestic output. In equilibrium the terms of trade will deteriorate in
order for resources to be allocated optimally.

Now, when the policymakers conduct policy independently welfare might not be
maximized due to the presence of beggar-thy-neighbor policies. Notice that from
the first order conditions for the domestic firms it holds that: E,_1{[U.(CH(h*))
[(1-a)+ as(ht)l"’rfi—" -V, (YE(RY), zf)]YE#(h*)} = 0. In the foreign region it
also holds that: Ey_1{[U(CF(n)) [(1 —a) + as(h‘)"‘l]_ﬁ—'7

~Vy(YE(R?),2F))YF(ht)} = 0. In a discretionary equilibrium the above condi-
tions are taken as given by the policymaker but need to be satisfied in equilibrium.
An unexpected real depreciation at home (T s) causes the foreign marginal disutility
of producing to increase, while a real appreciation (| s) causes the foreign marginal
disutility of producing to decrease. This is the heart of the inefficiency of the equi-
librium when the two regions conduct policy independently: the policymaker in each
region may have an incentive to surprise the foreign region by contracting the econ-
omy and appreciating the terms of trade. The strength of this incentive depends
on the elasticity of substitution between home and foreign goods and the degree of
openness of the economies. High substitutability between home and foreign goods
and strong trading links increase the incentives for competition between home and
foreign policymakers.

The incentives to strategically use the terms of trade for deteriorating the foreign
region’s conditions could be eliminated if the two policymakers could coordinate in
designing policy. One way of coordination is the establishment of a currency area
between the two regions. A currency area has the potential of eliminating the policy
competition distortion since in a monetary union the central bank internalizes the
strategic role of the terms of trade. However, a currency area can partly solve the

problem since the fixity of the nominal exchange rate coupled with the fixity of prices
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leads to the inertia of relative prices in the short-run. As a result, the optimal
reallocation of resources cannot be achieved in the impact period of the shock.
Pappa (2001) shows that the regime that eliminates the beggar-thy-neighbor poli-
cies, without creating any additional distortions is policy cooperation. Under policy
cooperation the nominal exchange rate is free to move and the first best can be
achieved. Finally, the ”contractionary bias” of the equilibrium when regions conduct
policy independently could be eliminated for some positive degree of monopolistic
distortions. In a recent paper, Benigno-Benigno (2001) show that by appropriately
choosing the overall degrees of monopolistic competition, the flexible price allocation

can be implemented as a Nash equilibrium.

4 Optimal Monetary Policy in a Monetary Union: The

case of no participation constraints

In general, a currency area might partly solve the problem of the presence of beggar-
thy-neighbor policies when the policymakers conduct policy independently. However,
when prices are pre-set, the role of the exchange rate of adjusting the economies after
a region specific productivity shock is eliminated®. This is because when prices are
fixed one period in advance productivity shocks have no effect on output, since out-
put is demand determined. The exchange rate would not respond to a region-specific
productivity shock even if exchange rates were flexible. Thus in this framework the
exchange rate plays no role in the response of the economy to productivity shocks.
Nevertheless, the nominal exchange rate can be used as an instrument for imple-
menting the flexible price allocation. The loss of this instrument defines the trade off
between entering a monetary union and conducting policy independently for a given
region.

Following Benigno (1999) the problem of a central bank in a monetary union
is to maximize the weighted average of the utilities of the two regions’ consumers

subject to the aggregate constraints in the economy and under the assumption that

49Gee Devereux (1999).
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the exchange rate is fixed®®. The average utility flows are defined at each date ¢ as:

wMV(Rf) = (1 —n)[u(CH (1) = w(Y ("), )] + n[u(CT (B)) - v(Y F ("), 2¢)]
(18)

The welfare criterion is thus defined as:

WMU = Fy ¢ Y Bim(ht)w™MY (bt (19)
¢t

A Ramsey equilibrium is a policy, an allocation for consumption, output and the
terms of trade, and price rules, PH(.) and PF(.) such that the policy maximizes (19)
subject to the constraint of fixed exchange rates, with allocations and prices solving
the problem of the consumers and the firms. Any alternative policy should solve the
consumer’s and the producer’s problem at home and abroadS!.

Throughout the paper we suppose there is an institution or commitment tech-
nology, through which the central bank can bind itself to a particular set of policies
once and for all at date zero. We model that by allowing the central bank choose a
policy, at the beginning of time and then having consumers choose their allocations.

The Ramsey allocation problem, setting the initial nominal assets of consumers to

Zero, is

cHcF s

nd Y B'x(h") [w(CF (RY)) — v(YF (R, 250}

t At

max (1 —n) ZZﬂtﬂ(ht)[u(Cﬂ(ht) —o(YH(RY, 2) +  (A4.10)
t ht

subject to the choice of intertemporal consumption smoothing at home and abroad

(6) and the optimal pricing decisions (9)52.

80The only difference with Benigno’s framework is that we assume home bias in consumption,
prices fixed one period in advance instead of Calvo price setting and we do not use a second order

Taylor approximation of the utility of the consumers to derive the social objective.

51Notice that we require optimality by consumers and producers for all policies of the central bank.
Chari, Cristiano and Kehoe (1996) show that this requirement is a sensible way to solve the central

bank’s forecasting problem.
52Condition (9) is an incentive compatibility contsraint that the central bank has to take into

account when designing policy. The inclusion of the expecation operator in the ¢ — 1 period in (9)
implies that the policymaker can gain by surprising price setters. Under commitment the multipliers

of equation (9) in the initial period should be set equal to zero.
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The first order conditions of the central bank problem in the unconstrained max-

imum give®3:

CcH(pty\ ") n e
(C_ngl_t;-) = ——s(h)7? (20)

Moreover, in the impact period of the shock As(h) = 0,and also for all periods:
. . n /o 2

YY) = C*(M)[(1 ~a) + (m) s(B)" T+, i=H,F (21)
The above conditions show that asymmetric shocks do not create asymmetric re-
sponses of inflation, consumption, and output. Equation (21) states that in the
unconstrained optimum the central bank will set the ratio of consumptions between
the two economies equal to the ratio of their weights in the social objective, which co-
incides with their size. Although international financial markets are incomplete, the
central bank’s policy guarantees consumption risk sharing between the two regions.
In other words, efficiency is assured even without complete financial markets (see also
Cole and Obstfeld (1991)). The constancy of the nominal exchange rate combined
with the inertial behavior of prices deter the terms of trade from moving in the impact
period of the shock. Inflation rates are equalized between the two regions. Equation
(22) is derived plugging (21) into the market clearing condition for output (12). It
states that output is proportional to consumption and changes in the terms of trade,
since the relative prices are inert in the impact period and consumption changes are
proportional, real output between the two regions should be proportional as well.

In the impact period of the shock the terms of trade cannot change. However, real
output should be proportional in the two regions. This can be achieved by movements
in employment. Under flexible prices or exchange rates, the increase in the domestic
real GDP is achieved by a rise in production in proportion to the technology shock
and a deterioration of the terms of trade, while in the foreign country it is achieved
by no change in foreign production and an improvement in the foreign terms of
trade. With fixed prices and exchange rates the proportionality of real GDPs in
the two regions means that production rises by too little in the domestic region and
too much in the foreign region. This is achieved if domestic employment falls and

foreign employment increases in response to a domestic technology shock, in place of

53The Appendix includes the details of the derivations.
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the terms of trade deterioration that would take place under flexible relative prices.
In the following period, prices are perfectly flexible and the terms of trade move to
restore equilibrium in the labor markets. Thus, unless technology differentials are
perfectly correlated, the adjustment to technology shocks under the optimal policy
in a currency area requires costly adjustments in labor markets in the impact period
of the shock. The more asymmetric are the underlying processes in the two regions,
the bigger the inefficiencies in labor markets provoked by the inertia in the terms of
trade.

 The objective of a central bank in a currency area is to minimize the distortions
associated with the fixity of prices (since the monopolistic competition distortions
have been neutralized). In other words, the central bank should try to replicate the
flexible price allocation. A positive productivity shock in country H should increase
consumption in both countries. Since the terms of trade are inert, the change in
foreign consumption should occur through monetary policy. The central bank should
stimulate demand in both regions. The only instrument available to the policymaker
is the nominal interest rate. The equilibrium process of the nominal interest rate (in

log-linear form) associated with the optimal policy is given by®*:

5 (g 1
R, = _m(sz +2f)+ 5 (e + ) (22)

Thus, after a regional productivity shock the world nominal interest rate decreases.
The decrease in the nominal interest rate stimulates demand at home and abroad (this
follows from the Euler equation in the foreign country). The decrease of the nominal
interest rate in country H, reinforces the income effect in country H, agents increase
consumption of both home and foreign goods and decrease labor. The increased
demand for foreign goods is accommodated by an increase in foreign output, through
increases in foreign labor supply. Besides the short run inertia of relative prices,
the central bank guarantees consumption risk sharing through changes in nominal
interest rates, sacrificing efficiency in labor markets. Inflation variability is low in
equilibrium since the fall in the nominal interest rate deters inflation in both regions

from falling, in H because of the productivity shock and in F because of the decrease

in demand of F goods®®.

54Details of the derivations are included in the Appendix.
851f staggered prices were assumed instead the dynamics would be qualitatively similar, though we

would not be able to obtain a complete analytical solution (sece Pappa(2001)).
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5 Optimal Monetary Policy in a Monetary Union: The

Case of Participation Constraints

Although a currency area may have the potential of eliminating the beggar-thy-
neighbor policies of the independent-policy equilibrium, it is associated with inef-
ficiencies in the labor markets due to the loss of the nominal exchange rate as an
instrument for implementing the flexible price allocation. The costs from the ineffi-
cient movements of employment in a currency area might be higher than the benefits
from cooperation inside the union for a region member. Since when a region conducts
policy independently can use both the nominal interest rate and the exchange rate as
instruments for replicating the flexible price allocation. The movements of the nomi-
nal exchange rate might reduce the movements of the nominal interest rates and thus
the variability of domestic variables when a region conducts policy independently. Of
course, this depends on the underlying shocks in the two economies, on their degree of
openness and on the substitutability between home and foreign goods. If the shocks in
the two regions are very asymmetric the benefits from exchange rate flexibility might
outweigh the costs of policy competition when the central bank conducts policy in-
dependently. Also, for low degrees of openness the role of the exchange rate as an
expenditure switching factor decreases and the strength of the beggar-thy-neighbor
policies associated with the non-cooperative equilibrium decreases as well.

For that reason, a central bank when designing policy, should take into account
the fact that the country members might be better off outside than inside the union.
This consideration from the pdrt; of the central bank is translated into the introduction
of participation constraints in the maximization problem of the previous section. In
other words, a central bank who wants to guarantee participation from the part of its
region members should maximize unions utility subject to the additional constraint
that the present value of the utility of each region inside the union should be higher
or equal with the present value of the utility of each region if it were to conduct
monetary policy independently.

The problem of the central bank in this case is given by®%S:

max Be-18 {(1 —n){[u(CH) = v(¥, 2f')]} + n{{u(CF) — w(¥T, )]} }

8Hereafter, we omit the dependence of variables from states of nature and we substitute sums

over probabilities with the expectation operator for simplicity of notation.
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subject to the constraints from the choices of the consumers and the producers and

subject to the intertemporal participation constraints of the form:

Z ,Bk[u(Cf,,k) - U(ng, thik)] 2 Z Il [u(cgk) - U(ng, Zg-k)]
k=0

k=0 . MU independer(%)

ST BF(CE ) — v (Y 2l 2| D0 B (CELR) — v(Yik, 2t4x))
1k=0 MU k=0 independev(%)

In what follows we assume that the decision of a region member to leave the union
if its participation constraint was violated is irreversible. For any period ¢ > 0, the
constraints restrict the utility of all members in a monetary union to be at least as
large as their utility when the monetary authority in each country conducts policy
independently. From now on, for ease of notation, we will call the right hand side of
(24) and (25) ¢rr(wff) and ¢r(wiF) respectively.

The solution to this problem defines a contract that takes into account not only
feasibility constraints but also incentive or ’existence’ constraints. The constrained
maximization problem is different from the problem solved in the previous section,
since under the new constraints the problem is not recursive and the whole history
of the shocks may matter for the optimal decision today (see Kydland and Prescott
(1977)). Following Marcet-Marimon (1999) we cast the form of the above problem
into an alternative recursive form. If we let By;,i = H, F, be the multipliers in (24)
and (25), the lagrange of the central bank will be given by:

(1 —n) Zﬁt w(CH) — (Y, 7 ]}+n2ﬂt {[w(Cf) —o(YE, )} +

Zﬂk’mk[ (CHR) — vV, 2Es) — du(wi®) ]+Z'6k'YFk[ wW(CE ) = v(Yiig, k) — op(wI]

k=0

subject to the constraints of the consumers and the producers decisions.

If we define

m
Pim41= Y Yin, i=HF (26)

n=0
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and collect all the terms that involve u and v, the Lagrangian becomes:
oo
£=3%" B prer{[u(G)—v( Y, 57 +(kaet 1 — ) [u(otlik) —o( Y 2x) —¢H(WfH)]
t=0

45 Bures{lulCF) oY )+ aress—nre) [ulCF k) — oV, #Eor) — or(wlF)]
t=0 (27)

with

tro = (1—n)and ppo=n (A4.10)
Hity1 = Mi+ve fori=H, F

Here the vector ps = {11¢, re} act as a co-state vector. Notice that the problem
defined in (28) does not have future variables in the constraints and all the functions
in the constraints are known. The key property of problem (28) is that its solution is
recursive, in the sense that only the values of the control variables and the costates
¢ are relevant from past history. In order the solutions in problems (24-25) and
(28) to be equivalent in (29) the initial values of the multipliers should coincide
with the weights of the central bank’s problem, while in future periods p,i = H, F
is determined according to the functions related to the participation constraints.
This is a special feature of the optimal plan that provides a clear interpretation of
the time consistency problem the central bank faces. It is technologically feasible
for the central bank to reset p; = {1 — n,n} at any time t, and this is what it
would do if it would ignore past commitments. But such a behavior from the central
bank would lead to allocations in which a country might defect from the union. Full
commitment from the part of the policymaker means that it commits to the evolution
of u determined by the participation constraints in all periods.

The First Order Conditions of the central bank that solves problem (28)-(29) give:

(CtH) ° _ HFt+1+ LFo s 20

— = 28
cf PHE+1 + LEHo | (28)

Optimal monetary policy amounts to choosing efficiently the time profile of the
time dependent weights pi141+ 0, ¢ = H, F), in order for the participation constraints
to be satisfied in all periods. We will consider two study cases: (i) the participation

constraints are never binding, (ii) the participation constraint binds at some period
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t for one region®7.
If the participation constraints were never binding the results of the unconstrained

with the constrained optimum would be equivalent. In (29) ;s = 0, for i = H, F’ and
Vt. Thus, pit+1 = iit = pio and (30) is identical with (21).

Now, suppose that the constraint is binding for a generic country j. That is
suppose for some periods before ¢ the constraint does not bind but at period ¢,

v;¢ > 0, although for & < ¢, ;& = 0. Then for the agents of the country j it holds:
Bjt+1 = g0 + Vit > Hjo (29)

Suppose, for example, that j = H, then the denominator in (30) increases. Since s¢
is constant for one period, consumption in country H should increase. The mone-
tary union is sustainable if the central bank can prevent its country members from
defecting. The monetary authority can do so by increasing the consumption of the
region which is likely to defect. The increase in consumption has to be persistent in
order for the additional consumption that the specific region receives to be smoothed
over time. In the constrained optimum individual paths of consumption depend on
individual histories and not on the aggregate consumption path. Moreover, con-
sumption risk sharing does not hold in all periods. The central bank has to sacrifice
efficiency in order to guarantee commitment from the part of its region members and
the equilibrium allocation is associated with losses.

If a central bank commits itself in the optimal conduct of policy, its objective in
the presence of participation constraint is two-fold. The central bank will use the
nominal interest rate to stabilize a weighted average of inflation in the two regions,
but also to certify participation in the currency area of the two regions. For example,
an increase in productivity in region A which creates incentives for region H to
default, induces an increase in consumption in that region that lasts much longer
after the impact period of the shock. This increase in consumption in region H is
induced through a reduction in the nominal interest rate. The nominal interest rate

in the constrained optimum is determined according to:

~ 1 o
Ry = (z7 + 20) + 5 (7 + 7pe) — ————((1 = n)paesr + nppera)

(c+v-1) 2 (c+v-1) (30)

57In case that the two regions hit their participation constraints silmuntaneously, the central bank

is unable to avoid defection and the currency area disintegrates.
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Moreover, the decrease of the nominal interest rate in the constrained optimum is
bigger relative to the unconstrained optimum, since pgt+1 > pgo and m > 0.
The central bank decreases interest rates in order to increase consumption in country
H. Given that region H is likely to defect the central bank will decrease more the
nominal interest rate than in the unconstrained optimum in order to certify that
region H will comply with the contract. In the second period prices and terms
of trade move to restore equilibrium. The variability of inflation and of nominal
exchange rates is increased, since the impact response of the interest rate in the
equilibrium with participation constraints is higher. In the period after the shock
prices and exchange rates have to move more than in the previous case to restore
equilibrium.

If the exchange rate, or alternatively, prices were flexible. The introduction of the
participation constraints would not affect at all the behavior of the aggregate variables
in the two regions. When countries specialize in production and home and foreign
goods are complements, an increase in domestic production is exactly offset by a term
of trade deterioration, which favors the foreign country. In equilibrium the income
effect dominates the substitution effect and consumption rises in both countries.
Thus, although the multipliers would change value in (30) the central bank would be
able to deter defection by simply manipulating the terms of trade. The presence of
participation constraints in this case would only imply higher variability of the series
of the terms of trade and no losses in the efficient reallocation of resources.

The above analysis suggests that when the participation constraints are binding
the variability of the output and terms of trade gap and of inflation increases. As
it was shown by Pappa (2001)% for an open economy the average utility of the

representative consumer can be approximated by the objective:

(31)
with Ly = {@¢(cs — )2 + 7%, + ps(s: — s7)?}

where (c¢; —c}') is the gap between actual and flexible price consumption, and (s;—s7)
is the gap between actual and fully flexible terms of trade. It follows from the above
discussion and the welfare criterion in (32) that the lack of a strong enforcement

mechanism, or the introduction of countries for which the participation constraints

%8 Benigno (1999) introduces a similar criterion for the case of no home bias in consumption.
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are often binding decreases the welfare of the consumers of all the region-members in

a currency area.

6 Conclusions
We conclude with a brief overview of the paper’s primary findings.

e Optimal monetary policy in a currency area should take into account the dis-
persion of output and inflation across regions when participation constraints
define the set of feasible policies. In the constrained maximum, individual
paths of consumption depend on individual histories and not on the aggregate

consumption path.

e With recursive constraints, optimal monetary policy corresponds to a central
bank’s problem where regions’ weights vary according to how these constraints
have been binding in the past. Even if two regions are identical, when the
enforceability constraints bind, the weight of the region for which these con-
straints have been binding more frequently in the past is higher than in the

other region.

e In this framework, asymmetric shocks in a currency area do create asymmetric

responses of regional variables.

e Participation constraints introduce a trade-off between efficiency and feasibility
in settings with lack of commitment. In order to avoid defection from the
part of the region-members the central bank has to sacrifice some consumption

insurance.

e Frequent violations of the participation constraints in a currency area increases

the variability of the macroeconomic variables.

e In the presence of enforceability constraints, the central bank should pursue a
more expansionary policy with respect to positive productivity shocks than in

their absence.

e The inclusion of countries that seem to do better outside a monetary union

might increase instability inside the union.
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In the current paper we have limited our analysis in particular utility functions and
assumptions for the price setting which allowed us to solve the model analytically. We
have only used implicit indicators to support the fact that participation constraints
might be binding. In order to address, more specific policy issues such as under which
conditions the participation constraints bind, how frequently they bind, or given the
stochastic processes for the country members of the EMU when these constraints
have been binding, or else when they are going to bind in the future, we have to
enrich the dynamics of the model {(assume staggered pricing) and solve the model
numerically. The numerical solution of the model is out of the scope of this paper.
Nevertheless we plan to proceed by solving numerically a more general specification

of the presented model in order to be able to address all the above mentioned issues.
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APPENDIX 1

The Unconstrained Maximum

In the unconstrained maximum the central bank maximizes the welfare objective
subject to the first order conditions of the consumers’ problem and taking into account

the first order conditions of the firms. The problem of the central bank is summarized
59,

as
OH] o H~1
23 Bia(l=n) Zﬁ‘ % [(1-a) +as 1 - a)OF +aglOf 1Y)+
DV ey & S 4[(1 —a) +as{ 7= ((1 - a)Cf +ag;"CF ] (A1)
l—-0c v
subject to:

(1 —a)+as;;7] ™"
|(1—a)+as; "

CH= ~ EB{CA,7(1 + Ry)

-

19 7=

[(1—a) +asl] ]
CF—o‘ —E CF “9(1+R ( t+1 =0 A3
£~ BOORT U R) [T | ) (43)
If we set 7 = 1, (A1) is simplified:
t cfe th_l H F
R52x Bioa(l—n) Zﬁ T~ (-G +as G} + (A4)
CFl o zF—l
n P~y -aG +as G
subject to:
Cff=7 = BB{Cf}1°(1 + R)} =0 (A5)
G~ = BB{CH ™" (1+ R)} =0 (A6)
The FOC of the central banks problem are given by:
(1—”){051_ H1-)Cf +asCl 1" Y(1-a)}—nz{tas; [(1_a)CtF+ast_10tH]vﬁl'

+ A (o)) = AL (-o)CF V(1 + Rea) =0 (A7)

59For ease of notation in the appendix we abandon the dependence of the variables in the states

of nature and we replace the sum over probabilities with the expectations operation.
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n{Cf 7~z (1-a)Cf +as; 'CH ] (1-a)} - (1-n) 2 "tas,[(1—-a)Cf +as,Cf )1
+ A (=o)CF =) _\F ((—o)CF ™1+ Re_1) = 0 (A8)

—MBCR, 7 = NG, =0 (A9)

H-1 F-1
E1{(1 - n)-z:)— v[(1 —a)CF + astC’tF]”"laCf + n% v[(1 - a)CtF + as;IOtH]”"laC{{s["’} =
(A10
Adding and substracting CH~7CFa(1 — n) and CF~?CHs;2an and using the
FOC of the firms problem in (A10) we get:

CH —(o+1) n ~ .
(F) )= 12 (A11)

Il
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APPENDIX 2

The Constrained Maximum

Using the simplified welfare objective (A4) the Lagrangian for the constrained
problem is given by:

Hl-c H-1
Ci z

£ By Bumadl -0 o (1 -a)Cf +as,C7 ) +
t

Ctm—o H-1

(prrer = pre)[F—— - (1= 2)Cf + as,Cf1° = ¢ur(w{)]}

¢ AT F ~1~H |
+_Bure{] 1o o [(1-a)C; +asp "Gy "] + (A12)
t .
Cfi-e 71 F —1~Hp IF
(1rer1 — pre)| oo o (1= )G +as; CF " —pm(w ™))
subject to Ab and A6 and with
Pitrl = it + Vit (A13)
and pims1 = Y Yim fori=H,F
n=0

Substituting (A13) into (A12) and taking the derivative with respect to s; follow-

ing the same procedure as in the unconstrained maximum results in equation (30) in
the text.



CHAPTER 4: Appendices 103

APPENDIX 3

Determination of the nominal interest rate in the uncon-
strained maximum

If we replace the FOC of the central bank with respect to the terms of trade
to the FOC of the central bank with respect to domestic and foreign consumption

Loglinearizing equation (21) in the text we get:

(=1 = = CF (1 - a) +asf (122) TP - )

_2
—nzl las; (1 - a)s, 7 (

1
1-¢ -1
n{l - 2{ 1O (1 - o) + a5 ™ (T:L_n) - o))
n 1

2 ~TH
- (L= m)aflasf(1 - 0)sf 7 (725) T Has =0 (A19)

60.

Loglinearizing the above conditions

7+ —(to—1)ef +

{(v—i)_o;_(g_l) (1gn>1—}5+1-—(v—1)a—(v—1)(1—a)1i0(&)ﬂ?}st:O

2 4z —(vro—1) —

{@—?j‘f;’—” (1fn)ﬁ?+1—(v—1)a—(v—1)(l—a)HQ_O,<lfn)ﬁ}8t=0
(A17)

The loglinearized version of the FOC of the consumers gives:

1
CtH = Etcg_l - ;(Rt — THt — aA8t+1) (A].S)

1
Cf‘ = Etcﬂl —_ -O_—(Rt —TFt + aASt.H) (Alg)

0Lower case variables denote the percentage deviations from respective steady state values.
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Substitute (A16) to (A18) and (A17) to (A19) to get:
R, = —U—_—!_Z—-i(th + zF) + 7 — QE Asiyq (A20)
Repeating the same for procedure for the foreign country:

B = _ﬁz——l(z‘H +2F) + 7py + QB Asy i (A21)
where Q = {L—z—g——)v—lli:_l (’i‘gﬁ)l—i—‘; +1-(w-1a-(v-1)1-o)7% (I_Ln)l—i—"} -
a
r

Adding (A20) and (A21) results in equation (23) in the text.
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APPENDIX 4

A4. Determination of the nominal interest rate in the con-
strained maximum

The procedure followed for determining the optimal behavior of the nominal in- .
terest rate in the constrained maximum is exactly the same as for the unconstrained
one. The only difference lies in the presence of the multipliers. Also, notice that we
are loglinearizing after we have derived the FOC of the planners problem. Equations

(A16) and (A17) in the presence of participation constraints become:

th + sz —(v+o-— l)ctH + (zjllla);lllm - @ _(111510)_ n) HHt — Rt +
{@—ll)i(z_l) (lfn)mﬂ-—(v-l)a—(v-l)(l_a)lig<1—f_‘—n>m}st=o
(A22)
7+ —(vto—1)f - (Z)lll(g)nllFt'*‘ (v _(11_)4510__)— n)llHt-—(l—n)th_
{(U—ll)j_(gnl) <1ﬁn>l+_a+1—(v——1)a—(v—1)(l——a)1_{2_0<1ﬁn)ﬁ}st=0
(A23)

The rest of the procedure follows as in the case of no participation constraints.
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