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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 hody. 
Laistrygonians, Cyclops, wild Poseidon-you won't encounter them 

uniese 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 leaming from their scholars. 

Keep Ithaka always in your mind. 
Arriving there is what you're destined for. 

But don't hurry the joumey at all. 
Better if it lasts for years, 

so you are oíd 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 joumey. 
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 Ithákas mean. 

Constantinos Cavafis 
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Chap 

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 unión. The cooperativo first 
best can be achieved if domestic inñation is set equal to zero in both countries at 
all times. In the non cooperative eqmhbrium welfare is not maximized due to the 
presence of beggar-thy-neighbor poUcies with the costs of non-cooperation increasing 
with the degree of openness of the economy. A monetary unión is welfare-improving 
relative to non cooperation only for countries that have strong trading links. 

In chapter 3 (co-authored with Katharine Neiss), we investígate the propagation 
mechanism of monetary shocks in an otherwise standard sticky price model, modified 
to incorpórate factor hoarding in the form of variable capital utilisation rates and 
labour effort. In contrast, to previous studies, we ñnd 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 utihsation allows us to genérate 
reahstic investment volatility without having to introduce capital adjustment costs. 

FinaUy, Chapter 4 investigates whether monetary pohcy in a currency área should 
stabilize an aggregate of inñation and output or whether it should take into account 
the dispersión of these variables across regions when the currency área 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 identical, asym­
metric shocks might créate asymmetric responses of regional variables. Participation 
constraints introduce a trade-oíf between eíficiency 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 manipúlate the future consmnption paths by adopting a more 
expansionary policy with respect to regional productivity shocks. 



Cliapter 2 

Should the E C B and the F E D 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 estabhshment 
of a common currency and a conunon 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 stabihzation 
policies. The main piirpose of this paper is to study different types of International 
monetary policy arrangements and to investígate how the first best solution can be 
implemented. 

I use a two-country model where each coimtry is specialized in the production of 
a bundle of differentiated goods, the production is mónopolistically competitiva and 
prices are staggered. I study the welfare properties and the implications for macroe-
conomic stability of three types of International monetary poUcy arrangements: (a) 
cooperative, (b) non-cooperative and (c) monetary unión. Here, monetary policy 
non-cooperation occurs when each policymaker maximizes the utiüty of the domestic 
cons-umers 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 utiüty of both countries 
cons-umers. Finally, monetary imion is modeled in the same way, but with the addi-
tional constraint that exchange rates have to be íixed. I simúlate the model under 

would like to thank Jordi Gali for invaluable advice and Fabio Canova and Morten Ravn for 
many useful disciissions. 
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these three different assumptions and perform welfare comparisons. In the discussion 
I set aside time-consistency issues; i.e., the pohcies I am analyzing are policies under 
commitment. The decisión maker in each case cannot ignore past conunitments 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 coordínate 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 expansión to maximize its objective function. He shows that the non 
cooperative solution does not generally Ue 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 they 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 prívate 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 equihbrium models. Since Obstfeld and Rogoff (1995) apphcations 
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 
smaUer coimtry 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-

libriiun 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 discoimted utility fmiction of 
the representativa consiuner with a second order Taylor expansión. 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 variabiUty, 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 valué 
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 inefíicient 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 ineíficient movements of relative prices. When the two 
countries are almost autarchic foreign prices affect very httle domestic inflation and 
the inefñcient movement of relative prices afíects 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 opermess of the economy, 
the distortions associated with the inertia of the terms of trade domínate the gains 
of coordination inside the imion 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 valúes 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 
imion 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 coimtries. 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 disutihty from supplying output. Households maximize 
the expected discounted valué of their utiüty 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-
biüty, independently of the time elapsed since the last adjustment. There are shocks 
to the production of the difierentiated 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 fuUy share both 

^Although there are some reasonable instances where the wealth efíects from market incomplete-
ness are very small (Cola and Obstfeld (1991) and Chari et al. (1996)), the assumption of complete 
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the idiosyncratic risk hnked 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 outhne of the structural model is contained in Appendix 1, while details 
of the derivation of the foUowing conditions are contained in Appendix 2 . Lower 
case variables denote the percentage deviations from respective steady state valúes 
and variables with stars denote foreign variables, ct denotes home consumption, 
Rt is the domestic nominal interest rate , nm is domestic inflation (where T^HÍ = 
Pm —Pm-i) and st is the terms of trade defimed as the ratio of foreign to domestic 
prices. Finally, and sj* denote the flexible price level of consumption and terms 
of trade respectively. I only present the equations for the home coimtry since the 
equations for the foreign country are analogous. 

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

Ct = Etct+i - - R t - EtTTHt+i) + -Et{Ast+x} (1) CT cr 

{Rt - TTHt+i) - {R; - T^ht+i) = Et{Ast+i} (2) 

The aggregate supply is characterized by: 

TTHí = pEtTTHt+l + Kcict - Ct") + ksist - (3) 

where kc = /t( f^) , K = ^ " "^ '^7+1^- , k = ^{1 - 7/?) and a is the intertem­
poral elasticity of substitution, 77 is the elasticity of substitution between foreign and 
domestic goods, 9 is the elasticity of substitution among diff'erentiated goods pro-
duced within the country, a is the degree of openness of the economy, w is the inverse 
of the elasticity of labor supply, and 1 — 7 is the probabihty 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 exogenous stochastic processes for the productivity shocks are assumed 

an AR(1) process: 

6 + i = r 6 + 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 = [zt, z;], EtSt+i = O, Etet^ = 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 diíferential 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 mónopolistically competi­
tive firms that face a constraint on price adjustments. The constraint is that in any 
given period each íirm has a fixed probability 1 — 7 of changing its price and, henee, 
a probability 7 of keeping its price imchanged. Using the partial adjustment pric-
ing assumption and the optimal price setting for the firms that receive a signal for 
changing their price and logünearizing aroimd 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: 

<f = - 4 - a . + " ° ' ' " t ^ ' c % -
ÜJ + (T U! + (7 

= 1+.' 
where and s" are the level of consmnption and terms of trade that would prevalí 
if prices were worldwide flexible. 

If monopolistic distortions are neutralized, the flexible price equihbrium 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 positiva productivity shock, independently 
of its origin increases domestic consiunption. 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 ins\n:ance 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 coimtry specific productiv­

ity shocks depends on the elasticity of substitution between home and foreign goods, 
77, the intentemporal elasticity of substitution, cr, and the degree of openness of the 
economy, a. 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 consiuners substitute foreign for domes-
tic goods, depending on TJ. At the same time, domestic consumers' income increases 
and domestic demand for both foreign and domestic goods increase, depending on 
a. 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 efíect increases 
demand for foreign output. The reaction of foreign output depends on the relative 
strength of the income and the substitution eíTects 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 where the real marginal costs are decomposed in two components, 
the consimiption gap and the deviations of the terms of trade from its potential. 
The terms of trade affect domestic inflation because they aífect 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 (kg —> O as a —y 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 fuUy 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 stabiUzation pol­
icy. The equilibriimí 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 neutrahze the monopolistic competition distortion. 
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As we shall see later this comes with a cost. The complete ehmination of the monop-
ohstic distortions may conflict with the strategic use of the terms of trade. In the 
absence of monopoüstic distortions in the non cooperative equilibrium each central 
bank has an incentive to deviate from the flexible price allocation. Each coimtry may 
gain by contracting inflation. 

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

Optimal monetary pohcy entails the optinnization of a social objective function, 
given the aggregate constraints in the economy. A natural welfare criterion that 
aUows 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 diíferently production across countries. A central bank which is con­
cerned about the optimal reaUocation of resources will tolérate 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 representativo consumer 
in each country can be approximated by the objective: 

where 0c, 0̂  and ^ depend on the structural parameters of the model^. 
In order for the central bank to repHcate the flexible price allocation it should 

cióse the gaps of consumption and the terms of trade. That policy impHes fi-om 
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 

with L f = {(h{st - s?) + Mct - dif + TTJjt + M^t - s?)2} 

and L f = {-chist - s^) + Mc¡ - c¡^)' + TTJ,, + 0,(st -

(5) 
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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 inefñcient 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 inefñcient movements of relative prices). 

The welfare criterion in (6) looks very similar to the social objective fimction 
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 valué of the terms of trade gap'̂ . Monetary policy should try to minimize 
the variabiUty 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 coimtries are economically independent, a —> O, 
(f)s —> o, since there is almost no reallocation of resources across coimtries. The 
difference between the criterion offered in (6) and the ones offered by Benigno (1999) 
and Benigno-Benigno (2001) lies in the assimiption 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 presence of complete financial markets it is not efñcient 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 eqmhbrium under alternative hypotheses regarding the way monetary policy is 
conducted. I will consider three alternatives: (a) Cooperative, (b) Non-cooperative 

^Also, in Rotemberg and Woodford (1998) it is the output gap rather than the consiraiption gap 
that enters the weKare criterion. This is because m 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 econoniy output is equal to a weighted average of domestic and foreign 
consumption. 

^Note that if one sets a = 0.5 and 77 = 1 the weights of the social welfare function coUapse to the 
ones used in the welfare criterion in Benigno (1999) for a monetary unión. 
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monetary pohcy and (c) Monetary unión. 
Jn 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 pohcy under 
commitment on the part of the policymaker. The assumption of commitment is 
important, since the prívate 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 imder 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 imder 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 cahbrated the 
parameters of the model using the United States and Europe as foUows. In the 
benchmark case, the two countries are assumed to be synametric and time is taken 
to be quarters. Table 1 provides a summary of the various parameter valúes used in 
the simulations of the benchmark economy^. 

În the literatura of new open economy macroeconomics (see. Lañe (1998) for a review) the 
assumed valué of a = 1/6. Following Backus et al. (1992) I set cr = 1/2. I do not follow Rotemberg 
and Woodford (1997) in calibrating the valué of the inverse of the labor supply elasticity (a» = 0.4633), 
since it implies a very elastic labor supply. However, performing simulations using these valúes do 
not change the results on the trade off between the three international policy arrangements. 
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Table 1: Benchmark Parameter valúes 

Parameter Description Valué 
Disco unt factor 1.03"-̂  

1/a Constant of Relative Risk Aversión 
Elasticity of substitution between home 
and foreign goods 

1.0 

e/e-1 Gross steady state mark-up 1.2 
1-a Home bias in consumption 0.85 
1/(0 Elasticity of labor supply 0.3 
Y Probability that a firm will be unable to 

change its price 
0.75 

Technology 
shocks r - - " ^ ^ l , and var(z)=var(zH.00852 

[.088 .906j Corr(z,z*)= .258 

I set the discount factor /3 = 1.03"̂ /*̂ , so as the annual real interest rate equals 
4%. FoUowing Backus, Kehoe and Kydland (1992), I set the intertemporal elasticity 
of substitution cr = 2. The elasticity of substitution between home and foreign goods 
is estimated between [1,2] (Chari et al. (1998)). I set 77 = 1. 

The parameter 0, 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 valué imphes 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 7, is set equal to 0.75, which imphes that the average 
frequency of price adjustments is four quarters. 

To set a, note that in the symmetric steady state a = Cp/Cn, the share of 
imported to domestic goods. The valué 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 assmnption 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. 

FinaUy, in order to estímate a stochastic process with symmetric P 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 pohcy 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 assrnne that the two coimtries are symmetric, I constraint the 
weights to be equal. Intmtively, 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, TT^Í, Rt, , TT^ ,̂ R¡ and st— as a function of an Information 
set It, that includes all the history and the Information at date t about the future 
evolution of the exogenous distmrbances zt and z¡ - to maximize the weighted average 
of the welfare in the two coimtries, subject to the constraints given by (l)-(4) (and 
the respective conditions abroad) at all dates í > 0. 

oo 

{ct, TTHí, Rt,4, ^m, R*tSt}maxEo{^ ^ * { ( L t + L¡)}, 
t=o 

The solution to the problem is''': 

{l-rL)qt+i = (l-ZL)^t+i 

where qt = {ct,'nHt,Rt,(^,T^m>^t,st,M, (t>t = {(l>lt,(i>2t,(¡^u,<P*%,} is the vec­
tor of deviations of the Lagrange multiphers and = {zt^z^}^. The multipHers 
010) 020) 010) ^20 gi'̂ ^ marginal or shadow valué of relaxing the aggregate demand 
and the aggregate supply constraints home and abroad. Since the social planner does 
not inherit any initial valúes for his cholee variables and the aggregate constraints 
depend on expectations of the cholee variables, a necessary condition for the opti­
mization under commitment is that at time zero 0io = 02o = 0ío = 4'Q,O = «O = 0̂ . 

^Notice that the linean term in relative prices caneéis out for the maximization problem of the 
global social plarmer. 

^The problem of the planner is to solve a quadratic problem subject to linear constraints. 
^The optimal plan is not time consistent. The time consistency problem arises because along 
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By definition, the cooperative equihbrium dehvers 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 fiexible 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 poücymakers 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 
imits) of the utiüty losses in terms of the equivalent optimal consxunption 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 foUow 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 variabihty 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 styUzed fact can be explained in the context 
of a closed economy general equihbrimn. model with monopohstic competition and 
nominal rigidities. However, in an open economy the above styhzed 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 om bench-

the optimal sequence {ctjiTHt,Rt,cl,^^1/^1 Siyo" the lagrange multipliers will not always be zero. 
Since the Lagrange multipliers are different from zero reoptimization at any point in time when 
(j)it ^ O would lead to a new sequence of policies such that (pu would again start at zero. Henee, time 
consistency implies that the lagrange multipliers are zero at all times. Nevertheless, this solution is 
not feasible. 
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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 Figiire 
3, where the responses of the terms of trade and consumption under the different 
international policy regimes are compared with the natiiral level responses)-^°. 

However this is not true for high valúes of the labor supply elasticity and for cr = 1. 
In the theoretical model the demand for labor depends on the domestic price Índex, 
while the supply of labor depends on the aggregate price Índex. Under flexible prices, 
a positive domestic shock decreases the domestic price Índex, real wages decrease and 
demand for labor increases. On the other hand due to the income eífect 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 {u = 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 valúes of 77 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 consimier subject to the domestic economy constraints, 
taking as given the policy of the foreign policymaker. The maximization problem 
that the domestic poUcymaker faces is given by: 

00 

{ct,T^Ht,st}ms.xEQ^Y.p^{<hst + 0c(cí - d¡f -f- i^^t + 0 , ( s t - s^)^} 
t=0 

subject to (1) and (3), the exogenous process for the productivity shocks and 
taking as given the foreign variables, c¿, 7r|̂ ¿,and R^. The foreign policymaker behaves 

^°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 sufñciently high. In the 
present framework, though, I can genérate negative conditional correlation between productivity 
and employment without having to assume low elasticities of substitution between home and foreign 
goods (r¡ — 1 in the benchmark specification). 
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symmetrically. The objective of the foreign national bank is given by: 

oo 

t=0 
The equilibrium is given by the foUowing system: 

" (1 - AL) (1 - BL) 
{1-FL) (l-DL) 

where xt ={ct, TT^Í, Rt, St}, and x¡ = {c¡, TT^ ,̂ R ¡ , S¡}. 
The presence of the Unear terms in the national banks' objectives causes the 

ineíEciencies associated with the non-cooperative equilibrium. In this framework 
the flexible price allocation cannot be implemented as a Nash equihbrium, since 
each national authority, unless Eo{st — sf) = O, has an incentive to surprise the 
foreign poUcymaker. Notice that the domestic inflation at home is determined by: 
TTfít PEtTTHt+i + i^c{ct — c") + ks{st — 5") . In the absence of real distm:bances (i.e., 
"S? = 4* = 0)) increase in the terms of trade causes domestic inflation to accelerate, 
basically because of an increase in demand for domestic goods. In the foreign coxmtry 
it holds that 7r|̂ j = l3Et7^'^^^i + KC(CÍ — — ks(«t — s") • 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 equilibriima: 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., ^ 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 
deprecíate 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
precíate 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 equihbrium the effects of the beggar-thy-neighbor policies cancel out since the 
two poücymakers act in a symmetric way. The exchange is less variable than in the 

'(1 -CL) ' 

(1 -GL) 
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flexible price aUocation. 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 equiUbrivun 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 equihbrium. Finally the competitive policies 
of the two policymakers do not allow for the minimization of inflation variabihty in 
the two countries. In Table 2 it is apparent that a cooperating pohcy can avoid the 
'contractionary bias' in the non cooperative solution to the mutual benefit of both 
countries. 

The "contractionary bias" in the non-cooperative equihbriimí 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
ohstic competition, the strategy of zero domestic inflation is a Nash equilibrium. 
Moreover, this equihbrium implements the flexible price aUocation. However, the 
cooperative equilibrium in the absence of monopolistic distortions gives higher lev­
éis of production and consumption and can replícate 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 economics. For an index of openness equal to 0.25, they accoimt 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 economics 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 imphes that the ECB and the FED 
do not gain a lot from cooperation and conducting monetary pohcy independently, 
in this case, is nearly optimal. 

5.3 Monetary Union (MU) 

So far, we have seen that policy cooperation is preferable to pohcy competition. 
One way to accomplish some of the benefits of pohcy cooperation is through the 

^'The same is true for output. As it is apparent from Figure 9, both non-cooperation and monetary 
unión imply, also, negative correlations betwreen employment and labor productivity. 
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estabhshment of a monetary unión. In some cases monetary unión is associated with 
losses, albeit the fact that in a monetary unión 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 
área 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 
Aet = 0 ,Víi2. 

In a monetary unión 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 imphes a zero inflation rate and both the consumption gap and 
the terms of trade gap to be zero. In a monetary vmion, these gaps cannot be closed 
simultaneously. Low inflation variabiUty implies sluggish relative prices which in turn 
result to an inefScient reaction of output in response to foreign disturbances and thus 
higher consumption gap variabihty. In Table 2 the loss of the exchange rate as an 
instrument is reflected in the increase in the consumption gap variabihty, 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. 

^̂ For 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 
gap 

Exchange Terms-of-
rate trade gap 

Interest 
rate 

OCU(%) 

a=0.25 0.012 0.63 0.54 0.47 0.70 0.0 
a=0.15 0.007 0.37 0.41 0.30 0.88 0.0 

CO a=0.05 0.002 0.13 020 0.14 0.95 0.0 
a=0.02 0.000 0.05 0.12 0.06 0.99 0.0 

a=0.25 0.063 0.68 0.73 1.23 0.77 -0.58% 
a=0.15 0.023 0.48 068 1.40 0.49 -0.41% 

NC a=0.05 0.011 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% 

a=0.25 0.032 0.73 0.0 0.89 1.97 -0.46% 
a=0.15 0.034 0.62 00 0.61 1.88 -0.47% 

M U a=0.05 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 unión 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 miion, 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 área hterature but 
for entirely different reasons. Mundell (1961) argued that the benefit of a common 
currency área was its role in minimizing transaction costs and facihtating the flow of 
Information about relative prices. The oífsetting forcé was that fixed exchange rates 
entailed the loss of independent monetary pohcies. For a relatively closed economy 
the loss of the possibility of tailoring monetary pohcy to the needs of different áreas 
were bigger than the benefits from allocative eñiciency. While in the present frame­
work, on the one hand, a common central bank and currency is beneflcial because it 
enables coordination, but on the other hand, it is unfavorable because it distorts the 
reaUocation of resoiurces and imposes excess consumption gap variabihty. 
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6 Approximating the Optimal Policy 

6.1 The optimal plan 

In this section I study what kind of poücy rule would approximate the optimal pattern 
of responses to shocks in a decentrahzed setting. According to the second welfare the-
orem any Pareto optimal allocation can be implemented as a competitive equihbrium 
with transfers. In this section, I study what kind of decentrahzed 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 prívate 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: 

Rt = @{mt 

R; = n ( L ) 6 

eí = [zt,z¡] 

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

Q{L)st = (6) 

G'(L)7rHt = 0{m 

H{L)yt = N{L% 

where 0(1), n(L), V{L)\G{L), 0{L), H{L), N{L) arefkst order polynomials and Q{L) 
is second order in the lag operator. 

The optimal cooperative plan is therefore a fimction 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 credibihty that the bank achieves by regarding itself as constrained 
to fulíill 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 imphes 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 equihbriima. However, (7) 
caimot be implemented as a monetary policy rule in a decentrahzed setting. As it is 
shown in appendix IV, (7) if it is adopted as a feedback riile 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 equihbria (see, Bernanke and Woodford(l997), 
Rotemberg and Woodford(l999), and Qarida 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 STifBciently 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 rephcate the optimal poUcy aUocation, I consider policy rules within the 
family (9), in order to be consistent with the symmetric steady state. 

Rt = V-^TTHt + VzZt + Vz* z¡ (7) 

where I aUow for the possibihty 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 structmral 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: 

KEtqt+i = Aqt + M Zt 
zt 

(8) 

where q'^ = [ct, i^Ht]- Since there is no predetermined variable in the system, a unique 
bounded solution exists if and only if the two eigenvalues of the matrix [iir~^A] 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 principie): 

> 1 (9) 
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If (11) is satisfied tlie eqmlibrium is determined (see also Benigno-Benigno (2000)). 
Thus, we turn to the question of whether a feedback rule of the form (9)can rephcate 
the optimal pattern of responses. In order to find the valúes of the coefficients on the 
feedback rule that approximate the impulse responses under the optimal cooperative 
plan I simúlate the model described by (l)-(4) and the rule in (9) for both countries, 
and for various valúes of the parameters V T ^ U Z and Vz* 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. 

Unforttmately, 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 imder (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 ñuctuations in the productivity shocks are approximated, 
by a rule which has extremely strong feedback only from domestic inflation (u^ —> 
oo, Vz = Vz* = 0). That is, when the two coimtries 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 stabihze domestic inflation it acts 
in the interest of both countries. However, the variabihty of the nominal exchange 
rate imder the optimal plan is low. This is because, although both instrument rules 
react exphcitly to domestic conditions only, there is an implicit reaction towards the 
exchange rate depreciation that deters the exchange rate from moving substantially. 

^^Details of the calculations of the periodograms are given in Appendix 4. 



CHAPTER 2: Should the ECB and the FED Cooperate? 24 

6.3 The Taylor Rule 

I now turn to the question of designing a reahstic 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: 

Rt = V^TTHt (10) 

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 
eqmlibria when the two economies foUow a Taylor rule with the welfare properties 
of the noncooperative and the monetary imion solutions^^. In the benchmark case, 

= 1.5, assumes the valué used in the original paper of Taylor (1993). If the two 
economies were to foUow this rule, the consumers would be better off in any of the 
other policy arrangements^ .̂ However, for higher valúes of the coefficient in inflation 
{v-^ = 5 and = 7) and for high degrees of opermess, a Taylor rule does better than 
noncooperation. Furthermore, it is preferable to monetary imion even for low degrees 
of openness. 

'̂ See Clarida-Gali and Gertler (1998, 2000) for the empirical analysis of Taylor niles. 
^̂ The welfare measure when the two economies follow the optimal plan is zero and for that reason 

is excluded from the table. 
^̂ Ebccept for when a = 0.02. In this case the consumers are ahnost indifferent between participating 

in a monetary imion and conducting policy using a Taylor rule. 
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Table 3: The Taylor Rule 

Regimes a=0.20 a=0.15 a=0.02 
Optimal consumption units (%) 

N C 0.51% 0.41% 0.08% 

M U 0.46% 0.47% 0.62% 

Taylor Vp= 1.5 1.2% 0.69% 0.59% 

Taylor Vp=5.0 0.47% 0.47% 0.39% 

Taylor Vp=7.0 0.46% 0.35% 0.27% 

For = 7, the Taylor rule is associated with the smaller welfare losses (except 
for the case that a = 0.02). Thus, imder plausible valúes for the coefficient in 
inflation a Taylor rule can improve upon the equilibria dehvered by noncooperation 
and monetary unión. 

7 Concluding Remcirks 

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

By definition, international monetary policy cooperation dehvers the best out­
come. When the two coimtries cooperate inflation and output variabihty 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 pohcy rule. However, under 
plausible valúes for the coefficient in inflation a Taylor rule can improve upon the 
noncooperative and monetary unión equilibria. 

Non-cooperation imphes welfare losses because in the Nash game the policymakers 
pursue beggar-thy-neighbor pohcies. In the non cooperative solution the movements 
of the nominal exchange rate result high variabiUty of the terms of trade gap, in the 
expense of increased variabihty 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 consmner 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 ehminating the 'contractionary bias' induced by monetary pohcy 
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 poUcy coordination and the two coimtries 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. AU the papers in the field analyzing issues of monetary pohcy 
in the one or in the other way refer to commitment. Commitment is crucial for 
determining the results and it shovild 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. 



CHAPTER 2: Should the ECB and the FED Cooperate? 

Figure 1: Impulse Responses to a Domestic Productivity Shock 
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Figure 2: Impulse Responses to a Foreign Productivity Shock 
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Figure 3: Comparison of Impulse Response Functions 
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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 í, the economy experiences one of 
íinitely many events St. Let h^ denote the history of realized states from period zero 
imtil period ¿, i.e., /i* = {ÍQ, «I, —, H}- The probabihty, as of period zero, of any par­
ticular history h^ is 7r(/i*). The initial realization SQ 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 consxmíption and real money balances and disutility from producing goods. 
The objective of the domestic household i is to maximize: 

Eu=t = QY.YlM^') u{C{i,h')) + m{^^^) - v{Y{i,h%z{h')) 

t A l . l ) 

where the index i denotes a variable that is specific to agent i, and /3 is a discount 
factor, u is an increasing concave fimction and C(¿, h^) is deíined as: 

C(z, /i*) = [(1 - a)vCH{i, h*)"^ + avCpii, h*)"^]^ (Al.2) 

In turn, Cs{i, h*), s = H, F, are given by the following CES aggregators: 

/ 1 
Cs{i, h') = í Cs{T,h')^dT 

9-1 

for s = H,F 

Here, rj is the constant elasticity of substitution between foreign and domestic goods 
and ^ > 1 is the constant elasticity of substitution across goods produced within the 
coimtry, (1 — a) describes the degree of home bias in the consumption of goods. 

7?2(.) is an increasing concave function of the real money balances, M{i, h^) is the 
agents nominal money balances at the end of period í, while P(h^) is the domestic 
CPI defined as: 

P{h') = [(1 - a)PH{h')^-'' + aPpih')^-"]^ (A1.3) 
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and depends on the price index for domestic goods, and the price index for 
imported goods expressed in home currency, where Pa = [JQ Ps(r)-^~^cír] , 
s = H,F. 

FinaUy, v{.) is an increasing convex function of agent i's supply of her prod­
uct Y{i,h^). V(Y) can be interpreted as the inverse of the disutility of working 
(Rotemberg and Woodford (1998)). If we define Y{i,h*) = fiN{i,h*) z{h*)), and 
the disutihty of working by g{N(i,h^)), then v{Y{i,h*), z{h^)) can be rewritten as 
g{f~^{Y{i,h^))/z{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 fimctions: 

Cs{h') ;s = H,F 

for aU 2 G [0,1]. Since there is no International price discrimination, Pp{i^h^) = 
e{h^)Pjj{i,h''), Vi G [0,1], where e(/i*) is the nominal exchange rate expressed as the 
price of foreign currency in terms of home currency and Pff{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: 

In the symmetric equilibrium, a 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 i is then given by: 

Y%h') = 
N -6 

[CH{h') + C*p{h')] (A1.4) 

where Cp is the foreign demand for domestically produced goods. 
The representative consmner in the home country receives income from selhng 

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 portfoho of state-contingent 
home currency denominated nominal bonds at price Q{h*, h*'^^). 

As it is highlighted by Colé and Obstfeld (1991), the existence of the state contin­
gent home currency denominated bonds is sufñcient to ensirre complete international 
financial markets ex ante. They find that fiuctuations in the terms-of-trade play 
an important role in automatically poohng national output risks, since a coimtry'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 portfoho 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{h^)C{i,h^) + T.Q{h\h^+^)b{i,h^) + M(i,h*) < 
ft' (Al.5) 

(1 - T)PH{Í, h')Y(i, h') + M(¿, h^) + 6(¿, h') + TR{i, h') 

TR(i, /i') denotes the nominal lump sum transfers from the govemment of the 
home country to the domestic household i at date t, while r is a proportional tax on 
nominal income. 

Ruling out Ponzi Games, the optimality conditions are: 

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 i^^^^t) 

( I W M ) ^here = EM+I Q{h'^\ h% 

~ IT/i'+i Qih*"^^, /i*) ̂ ^e{ht)'^ • Arbitrage between internationally traded bonds 
imphes: 

Y, Q{h'^\h')[R{h') - R*{h'f-^] = O (A1.8) 



CHAPTER 2: Appendices 33 

Equation (Al.6) is a standard Euler equation, while (Al.7)^''' is a money demand 
equation and (Al.8) is the uncovered interest parity condition. 

A first order condition analogous to (Al.6) must hold for the consumers that hold 
the home currency bonds in the foreign country: 

(A1.9) 

Defining the real exchange rate as: q{h^) = e{h'')P*{h^)/P{h'^), combining (Al.6) and 
(Al.9) and iterating we have: 

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

Agents are monopohst in selling their product and prices are staggered. In each 
period an agent faces a fixed probability 1 — 7 of adjusting her price. In this event 
the agent chooses the price, F^{i, h^) for the produced differentiated good i so as to 
maximize expected utility resulting from sale revenues minus the disutihty of output 
supply in each of the future states in which the price cormnitment still applies taking 
as given P, PH, and Pp and subject to the demand fimction (Al .4) . 

Partial adjustment price setting imphes that each period a measure of 1 — 7 of 
producers have the opportunity of changing their prices, then P^t+ki^) — -̂ Htí̂ ) 
with probabihty 7^ for fc = 0,1,2,... Notice that all the producers that are allowed 

'̂'In 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 assimiption 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: 

P^meocf2ZiP'r)'Qih'^^h'){{l-T)P^ii,h')Yii,h'+^^ 

where nominal revenues are evaluated using the market discount factor Q{h^'^^, h*) = 
¡3Ylj=i 7r(/i*+-'',/i'+-''"'̂ ) ( " ¿ ( l y ) p^ffl)which is the same for all consimaers because 
of the complete markets assiimption. The sellers maximize (AI.l) subject to the 
sequence of demand constraints: 

y'i^^ h""') = ( ^ P ^ ) ' [^«i^'^') + ^Kh'^')] (A1.12) 

Then P^ satisfies the first order condition: 

'^"^'^> {e- 1)(1 - r) Er=o Ek^Mimih'^^ h*)Y'^{i, ht+^) 
(Al.14) 

where Q{h*~^'', h*) is the delivery price of one unit of domestic currency in /i*"*"^ in 
units of local currency at / i ' and z(h*') is the domestic productivity shock. 

According to (Al.14) the optimal relative price varíes 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 futxire periods affects the price that they choose today. K 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 deprecíate 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 Índex: 

PH(h') = bPH{h'-^f-' + (1 - 7)P5(/^') '-1^ (A1.15) 
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Finally, the terms of trade, i.e., the relative price of domestic to foreign goods, 
denoted by equals the ratio of foreign to home pnces PF(M)/PHO^*')• 
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 coimtry is: 

T r PH{Í, h^)Y{i, h^)di = r Tfí(z, h^)d3 + M(/i*) - M(^'-^) 
Jo Jo , . . 

(Al.16) 

I assume that r = —(5 — so that in equilibrium the market power distortion 
created by the monopolistic structure in the market for differentiated goods is neu-
tralized. Henee the steady state level of output is efficient. 
Market Clearing Conditions 

For each differentiated good, market clearing implies: 

h^) = CH{Í, h^) + C>(í, h^), V¿ G [0,1] 

Moreover aggregate domestic output is the svim of individual outputs: 

Yih*)= í\(i,h*)di 
Jo 

FOT the two economies it must be the case that: 

^PH^^-' 

(A1.17) 

(Al.18) 

Yih*) -f Y*ih') = C{h') 
I P{ht) [{1 - a) + aSihr'] 

P*{hi) 

The market clearing condition for the contingent bonds is 

[(l-a)+a5(/i*)' '] (Al.19) 

(Al.20) 

where h*{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(/i*) = j M{i, h*)di (Al.21a) 
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In a currency área 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 área. In the currency área, the level of money supplied by the 
common central bank is equal to the demand for money in the two economies: 

1 1 

Murciar, = J M¡di + J M^'dj (Al.21b) 

o o 

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

The stationary equilibrium of the economy is characterized by: 

The monopohstic competition distortion does not allow the marginal utihty of con­
sumption to equate the marginal disutiüty of producing output, unless r = —{9—l)~^. 
By using the Euler equation in consiunption and (Al.16), (ALIO) we find the steady 
state valué of C which we use to calcúlate the utihty losses in terms of equivalent 
steady state consumption decreases. In the synametric 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 PH-I,P^_I. 

Equilibrium 

An equilibrium for the economy described in section 2 is a coUection of alloca-
tions for home constuners C(/i*), Ci/(/i'), CÍ'(/I*), M(/i*), 6(/i*+ )̂; allocations for for­
eign consumers C*(^*),C|^(/i*),C^(/i*),M*(/i*),b*(/i*+^); allocations and prices for 
domestic goods y(¿,/i*), P/Í(¿,/i*) for i G [0,1]; allocations and prices for foreign 
goods Y*(i,h*),P^{i,h^) for i G [0,1];, aggregate price levéis P{h*), P*(h*), bond 
prices Q{h*'^^, /i*), equilibrium exchange rates e(/i*) and individual transfers and tax 
rates TR(i,h''),T,TR*(i,h^),r* that satisfy the following conditions: (i) taking as 
given the prices, consumers allocations solve the consumers' problem, [ii) the price 
set by ea<;h diíferentiated good producer solves his problem (iii) transfers satisfy (13) 
(iv) the monetary authority solves its maximization problem and (v) markets clear. 
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APPENDIX 2 

Deriving the Reduced Form Equations 
hi 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 valúes. That is, for a 
generic variable Xt, Xt = log{Xt/X), where X is the steady state valué 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. A l . 14 can be 
written as: 

Et E - - "-Kt+k^ + 0Vy{Yt+f,, zt+k)]Yt+k = O 
A:=0 

From the definition of the aggregate price level it follows that: 

Pt = Pm[{l-a) + aS¡~^]-^ l-T) 

(A2.1) 

(A2.2) 

Also, Al.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: 

Pm 

loglinearizing A3.2 yields: 

Ct 

yt = (k + O:T][1 + (1 - 2a) 
St 

(A2.3) 

(A2.4) 

Replacing A2.2 into A2.1,using A2.4 and taking a log hnear approximation around 
the non-stochastic steady state the percentage deviation of newly set domestic prices 
to the domestic price index is set according to: 

O = Et{f^i(3^ñ{l-e){l-r)^Ht+,-.a(l-e){l-T)ucCst+k + {l-B){l-TM 
k=0 

(1 - 2a) 
St+k + Ct+k] + dl^yzZt-i-k} 

where p^^ = p ^ t " PHt-
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A2.3 can be simplified further: 
°° (i _ 2a) _ 

(A2.6) 

where cr = -UccC/uc and w = Vyy/vy and is given by: Yt = -(vy2/Cvyy)zt+k-
Moreover: 

k 

ñt+k =PHt-J2 ""H'+J (^2.7) 

Linearizing (Al.15) we obtain 
PHt = (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: 

' (A2.9) 

If we define the natural rate of consumption as: = -^¡^^Yt and using the 
definition for the natural rate of the terms of trade we end up with: 

TTHt = m-^m+i + kc{<^t - cT) + h{st - s?) (A2.10) 

where:A;, = k(f^), k, = ^ " O + W i + ^ O ^ k = ^^(1 - 7/?) and cr is the inten-
temporal elasticity of substitution, TJ is the elasticity of substitution between foreign 
and domestic goods, 6 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 a —>• O, fes = 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: udCt) = 
A i . The FOC with respect to next period's domestic bonds gives: A¿ = Rt(3EtAt^i -^-^. 
Loglinearizing these two expressions results in : 

-(Tct = At (A2.11) 
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Ai = EtlRt - TTt+i + Xt+i] (A2.12) 

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

h = ri = f^ Et[Rt+k - n+k+i] (A2.13) 

where r| 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+i + {-(r)-\Rt-Et7Tt+^) (A2.14) 

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, r¡., 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 = -ocst (A2.15) 

Pm -Pt - -«« í 

PFt - Pm — St 

St = -s¡ 

Loglinearizing yields: 

TTt = TTm + oAst (A2.16) 

Using (A2.16) to replace for CPI inflation in AS.4 yields the aggregate demand 
curve in section 2. 

The real interest parity condition foUows from the definition of the terms of trade, 
the law of one price and Uncovered Interest Parity. Loglinearizing (Al.8) yields-̂ ®: 

Rt-R¡= EtAet+i (A2.17) 

the law of one price in turn gives: 

PFt = PHt - et (A2.18) 

'®where the hats indicfíte percentage deviations from steady state valúes 
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combining the above w i t h the definit ion of the terms of trade yields: 

(Rt - TTHt+i) - (R; - 7t*Ht+i) = Et{Ast+i} 
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APPENDIX 3 

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

with maximizing: 

W = Et{u{C¡) - í viYtir); Zt)dr) (A3.1) 
JQ 

In (A4.1) real money balances are excluded from the utility fxmction. Here, I assume 
that the hquidity 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 equilibrimn condition (Al.7), when monetary pohcy 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 utihty can be computed only in terms of consumption and output. 

FoUowing Rotemberg and Woodford(1997,1998) we compute a second order Tay­
lor series expansión of W around the deterministic steady state where aU the shocks 
are zero. A second order Taylor expansión of the left term gives; 

U = U{C) + Uc{Ct - C) -f- \uoc{Ct - C)2 
= u{C) + uc{ct + |c?) + \ucc{ct + + O ( l i e f ) (A3.2) 

= u,C[ct + i ( l - a)c?] + t.i.p. + O (ll^ll^) 

where 0(||̂ ||̂ ) includes terms of order higher than second in the deviations of the 
variables from their steady state valúes. For zero steady state inflation and constant 
tax on output, the variables wUl deviate from their steady state valúes only because of 
variations of the productivity shocks = [^t, •z*] around their steady state valúes. If 
|.̂|| is the measure of the size of the shocks, the omitted terms are aU of third or higher 

order in this size. We have expanded Ct with a second order Taylor approximation: 
Ct = C{l + ct + lc¡) + O (Uf) . a = -UccC/u, 

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

V = v{Y, 0) + Vy(Yt{i) -Y) + v^Zt + \vyy{Ytii) - r ) 2 + Vy,{Yt{i) - Y)Zt + \v,,Z¡ + o {\\^f) 
(A3.3) 
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or V = VyY[yt{i) + ^y^í^) - u;ytii)Yt + t.i.p. + O (||̂ f) 

where Yt : VyzZt = —VyyYYt provides a scalar measure of disturbances to the 
marginal disutihty of supply and u> = Vyy/vy. Integrating across aU domestic house­
holds yields: 

S¿ v{i)di = VyY[Eiyt(i) + ¡[vanytii) + + ¡^[variyt{i) + (Eiytii))''] 
-ujEm(i)Yt\ + t.i.p. + O [Uf) ^^^^^^ 

for the aggregate output we have: 

yt = Eiytii) + 2~0~^(^ ~ o^)^(^riCHt{i) + avancHtii) (A3.5) 

Then A3.4 becomes: 

/J v{i)di = VyY[yt + ^yf + \{6-^ + uj)[{l - a)variCm{i) + OLvariC*^^) 

-UA)tYt]+t.i.p. + 0{]\£,f) 
(A3.6) 

Combining A3.2 and A3.6 together with the fact that UcC = VyY, in equihbrium 

since (1 - r) = ^^j, results in: 

W = VyY[ct + i ( l - cr)c2 -yt- ^y¡ -\{e-^ + - a)variCHt{i) + avariC*Ht{i)] 
+^ytñyt] + í.¿.p. + 0(||ef) ^̂ ^̂ ^ 

Using (Al.10) and (Al.4) the demand for domestic output is given by: 

Yt' = [(1 -a)+ a^-''] A [ ( l - a) + aq'¡''']Ct (A3.8) 

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

natm-al rates,results in: 

W = -\ucC{na 1 + l - 2 a St + {<T+ u){ct - d^f + a { l + a;r7[l + ^]}{st - s^)H 

(A3.9) 
-}-(^-i - a)variCHt{i) + avariC*jj¿i)]} + t.i.p. + O 

Moreover, it also holds that: 

Evariytii) = EvariCmii) = EvariCHt{i) = 0'^Evari{logpHt{i)} 
(A3.10) 
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Defining p^^ = Ei logpmii), we have: 

vari{\ogpHt{i)} = vari{logpm{i)-Pm-i} = Ei{[\ogpHt{i)-PHt-i?}-{^Pm? = 

^Ei{[\ogpm-i{Í) -Pm-i?} + (1 - 7){[logPHt(¿) -Pt-i] ' ' } " i^Pm? 

= ^vari{\ogpHt-iii)} + (1 - 7){[logPHf(í) -Pt-i?} - i^Pm? (A3.11) 

Given thaX:ApHt = (1 - 7)[logPHt(^) " P t - i l implies that: 

í;ari{IogpHt(¿)} = lvari{logpHt-l(i)} + ^ " ' ^ H t + ̂  {W^f) 
(A3.12) 

Integrating yields: 
oo 

van{logpm{i)} = 'y'+'vari{logpHt-iii)} + E ^ ^ ^ I ^ ' ^ H Í + ̂  (ll" !̂!") 
(A3.13) 

After taking the discounted valué, I obtain: 
oo oo 

Y:^'vari{logpHt(i)} = (,_sl_,..E^'^Ht + t.i.p. + O [mf) 
^ (A3.13) 

Then A3.8 becomes: 

Notice that the loss function in (AIILl?) 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 
Deñving 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: 

-(l>2t{-(r)-^{l + a) + 4>lia{-cr)-^ = O 

-'^;Í(-'^)~'(1 + a) + M-a)-^ = O 

{6 + 6*)XsSt-kscl>it + ks^lt = ^ 

(A4.1) 

(A4.2) 

(A4.3) 

(A4.4) 

(A4.5) 

(A4.6) 

(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 imknowns. The system can be written in a vector form as: 

Q 
Eqt+i = M Qt + 0 

4>t 0Í-1 
(A4.8) 

where qt = [yt,7rHt,Rt,yt,'^Ht^P^^^t,st]' and (pt = [ht,(l>2t,^it,(l>2u]' and Q, M 
(I2xl2)and O (12x1) are matrices. The bottom 7 equations are equations A4.1-
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 boimded stochastic process for the productivity shoclcs, a 
bounded optimal plan exists and it is unique, since the matrix {Q~^)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: 

0t = NcPt-i+G^t (A4.9) 

xt = R(pt + S^t 

6 = PCt-i+ut 

Prom the first equation in A4.9 we can ehminate 02t) and 4>2t we can express the 
nominal interest rate as a function of the real shocks in the economy: 

Rt = R{L)^t (A4.10) 

K = T{L)^t 

where ^t = [zt, Zf]' 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 bivaríate dynamical set up given by: 

Dgt = EtBgt^i + J^+i + K^t (A4.11) 

where gt = [ytjT^HtY- The equilibrimn will be locaUy 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 eigénvalue has modulus less than one, even though both elements 
of gt are not predetermined, imphes that for {̂ Í} any boimded stochastic process 
satisfying A4.11, another bounded solution is given by: g't = gt + /Ct where f is the 
eigenvector of B associated with the eigénvalue with modulus less than one(/xi), and 
the stochastic process Ct satisfies: Ct+i = Â lCt + '"̂ í+ii where wt-^i is any boimded 
random variable with zero mean and it is unforcastable at date t. Henee, 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 pohcy. Finally, the problem of 
indeterminacy of equihbria can be resolved through sufficiently strong feedback ñ:om 
the endogenous variables. 
Approximating 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 n(L) (n*(L))be the 12 x 1 vector of moving average polynomials in response 
to unitary shocks in zt{z^), for domestic variables. Then, 

Í=-oo 
oo 

Op*(uj) = e-*'^^•|^*(i)|^wherei = 1,120 
J=-oo 

I evalúate S^P{U) at W = ^ (the Fourier frequencies). I do the same for the 
simulated impulse responses for dififerent valúes of coefficients in the interest rate 
rule (27) and I look for valúes of Vt^,Vz,Vz', that minimize the distance between the 
two periodograms at médium and low frequencies. The valúes of the coeíñcients 
in the feedback rule that approximate the optimal policy impulse responses are the 
solutions to the problem: 

7r/4 12 
nin 

where i denotes the number of variables included in the matrix 11. 0j = 0 denotes the 
weights that each variable receive in the mirñmization problem and I assume equal 
weights for aU the variables. The valúes 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. 

min X :E<^^(^f 'H-^r '^H) 
w=01=1 



C h a p t e r 3 

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

1 Introduction 

The ciirrent workhorse for the study of monetary policy 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 reaüstic models of Taylor - type (1979) staggering -̂̂ . 
Moreover, in the basic New Keynesian model, the only way to induce protracted 
effects of monetary pohcy on real variables is to assiune 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 modelhng the costs that firms face for 
changing their price^^. 

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

^°See for example Rotemberg and Woodford (1997) and McCallum and Nelson (1999). 
^̂ See for example Jeanne (1997) and Anderson (19xx). 
^^A recent paper hy Mankiw (2000) reviews some more general weaknesses associated with the 

New Keynesian Phillips curve, such as the coimter-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 rehance 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 ehminated. 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 smaU 
nominal rigidities, are enough to induce non-neutral eífects 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 área 
of recent research (King and Watson 1996, Woodford 2000, Casares and McCaUími 
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 genérate 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 Bum-
side and Eichenbaum's (1996) model with capital and time-varying factor utilisation^^. 
Burnside and Eichenbaum's seminal paper showed that i.i.d. shocks to productivity 
growth could genérate persistence in a real business cycle model with time-varying fac-

^ F̂agnart, Licandro, and Portier (1999) investigate the implications of capacity utilisation in a 
model with explicit micro-foimdations, and find that capacity utilisation is an important mechanism 
for the propagation of technology shocks. Although the depreciation through use assumption in the 
BE model is a crude way of modelling capacity utilisation, the authors find that it generales similar 
predictions to those based on a more micro-founded approach. 
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tor utilisation. We investígate 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 genérate a persistence response to monetary 
pohcy shocks, even at relatively low levéis of nominal rigidlty^"^. Unlike sticky-price 
models with capital adjustment costs, time-varying factor utihsation ehcits 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. hi addition, at low levéis of nominal rigidity, we are able to genérate 
reahstic 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' abihty to adjust capital 
services. As described in Chari, Kehoe, McGrattan (2000), in order to genérate 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 henee 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 genérate persistence at low 
degrees of nominal rigidity. 

In a related paper, Christiano, Eichenbaum and Evans (2001) use staggered wage 
contracts and variable capital utihsation to genérate both output persistence and 
inflation inertia. Labour market rigidities coupled with variable capital utihsation 
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 

related paper by Cook (1999) 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 eífect 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 camiot adjust employment instantaneously), whereas 
Christiano et. al (2001) (in a more complete framework) assmne staggered wage 
contracts. Their model includes various departvires from the standard general equi-
libriiun model, such as habit persistence in consmnption and investment adjustment 
costs, in order to accoimt for the response of consmnption 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 genérate 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 genérate 
persistence in the model and Section 7 concludes. 

2 A model of time-varying factor utilisation 

This section describes a sticky-price variant of Bmnside and Eichenbaum's (1996) 
model with capital formation and time-varying effort and capital utihsation rates. 

The economy consists of infinitely-hved agents, firms, and a government sector. 
Households and firms optimise intertemporally and have rational expectations. As 
is usually assumed in the New Keynesian hterature, 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 utihty from the transactions services 
provided by real balances, and the economy is subject to shocks to real productivity, 
govermnent spending and the nominal money stock. The key feature of the model is 
factor hoarding by firms. FoUowing Burnside and Eichenbatun, we assmne 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 utihsation 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 equiübrium amount of labour units employed (measm'ed in heads) in production 
is assumed to be chosen prior to the realisation of period shocks. 

2.1 Households 

Households consume a continuimi of differentiated goods indexed by i 6 [0,1]. The 
composite consumption good (Ct), which is defined by a Dbcit-Stiglitz aggregate over 
the multiphcity of goods, and price index (Pt) are defined as: 

1 p-1 
di 

.0 

p 
p-1 

(1) 

and 

1 i-P 
pXí) di 

i-p 

(2) 

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 (Ct), real money balances 
(-p^), 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 
probabiüty of employment in time t is given by (Nt). 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 eífort 
(et) expended. Effective hours of leisure for the fraction of the population currently 
employed are thus given hy r — x — het. 

The proportion (1 — Nt) of the population not currently employed derive leisure 
from their total time e n d o w m e n t T h e proportion of the population currently in 

^^A more general specification of the utiUty function is adopted in Section 6. 
^ Îndivisibility of labour makes aggregation easier, and implies a laboiur supply elasticity of zero. 

The steady state elasticity of effort supply is not zero, however, but equal to — 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 rationahsed 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, eífort, nominal money balances and 
one-period bond holdings (Bt+i), capital (Kt+i), utilisation (Ut), and employment 
(Nt+i), to maximise lifetime utility: 

>0 
lnC, ,+^A^, , , ln(r- ;^-/2e, , , ) + ^ ( l -A^, , , ) ln ( r ) + - ^ 

1 c p 

(3) 

subject to a series of period budget constraints: 

= O, l,...oo, where ^ > O, e > O, and /? G (0,1). In the budget constraint, 
i2f_i-|.jdenotes the net nominal interest rate,rí4.j denotes the rental rate on capital 
services, and Vt+j and Ft+j denote lump simi firm profits and government transfers, 
respectively. Investment {h+j) is related to the capital stock by: 

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 (f) > 1. The parameter (p 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 valúes of 0, the negative eífects of 
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utilisation on depreciation domínate the positive effects of utilisation on output, and 
firms choose to keep utihsation constant. 

The first order conditions for the representative household are given in Appendix 
1. 

2.2 Firms 

There is a continuum of monopolistically competitive firms, indexed by i G [0,1]. 
Each firm i chooses its factor inputs, labour services (Ntet) and capital services 
{KtUt), in order to minimise costs of producing a given level of output (Yt): 

subject to its technological constraint on production^'^: 

Y,<(mr{N,he,X,r 
(7) 

where O < a < 1. The process for the level of technology is assumed to follow a 
logarithmic random walk with drift: 

where vt~i.i.d.{0,aA). The firm chooses labour and capital services such that: 

aY,mc, w, =—-—-
(9) 

{l-a)Y,mc, 
(10) 

'̂̂ 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 intuitivo appeal 
in that increases in total hoiurs worked automatically raises the degree to which the existing physical 
capital stock is utilised. However, Burnside and Eichenbaiun 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 mct denotes the unit cost fimction, or real marginal cost. 
As described in King and Wolman (1996) and Yun (1996), each firm i is allowed 

to reset its price (P )̂ according to a stochastic time-dependent rule that depends on 
receiving a signal at a constant random rate (1 — rj). The parameter 77 governs the 
degree of nominal price rigidity: if 77 is equal to O, then prices are perfectly flexible; if 
77 is equal to 1, then firms never have the opportunity to revise their prices. Producers 
face an idiosyncratic risk due to the imcertainty of price adjustment. The probability 
that the price set at time í still prevails at t + j is given by 77 .̂ Each firm with an 
opportunity to change its price will choose it to maximise profits, taking aggregate 
output (Yt), the aggregate price level (Pt), nominal marginal cost (MC¡), and demand 
for its good (V '̂) as given: 

EtY^t,t+jrf[P¡-MCÍ^j (11) 

subject to: 

7' = 
(12) 

The solution to this problem yields the íirm's optimal price (P/), which is given 

by: 

EtT,T=o^t,t+jrf 
(13) 

p-1 Etj:%o^t,t+jV'yUj 

Jn the above relationship,^^ is the steady state mark-up, or the inverse of the 
steady state real marginal cost. Equation (1.13) iUustrates that the optimal price 
depends on current and expected futin:e demand and real marginal cost {mdt). 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 i, the aggregate pricing price index evolves 
according to: 

Pt = 'riP¡:,' + {l-ri)P¡-'' (14) 

The aggregate price level is therefore a weighted average of prices set in í — 1, to 
reflect the fact that some firms cannot change their price in period t, 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 gt = fi{l—pg)+pggt-i+egt, \yith \pg\ < 1, and £gt~i.i.d.{0, ag). Government 
expenditure serves as the second real shock in the model. 

The nominal money supply process is assumed to foUow^ :̂ 

M'=AK-I (16) 

where fxt = p^fJ-t-i + ^fit, with < 1, and e^t~í.¿.(i.(0, cr )̂. 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: 

for all i = 0,l,..oo. 

2.4 Market clearing 

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

^t+j ~^t+j "^^t+j "^^t+j 

(17) 

(18) 

*̂The process assumed simplifies the analysis of the variables adj usted for growth. 
McGrattan (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 equihbria where policy is described by a Taylor rule. 

file:///yith
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In the money market, the equihbrimn quantity of nominal money demanded must 

equal supply: 

(19) 

2.5 Equilibrium 

An equilibrium for this economy is a collection of allocations for: consumers {Ct, et, M+ii 
Ut, Kt+i, Mt, Bt+i}; and producers {Yt, Kt, Nt, Ut, et}; together with prices {wt,rt, Rt-i 

and for z € [0,1]} that satisfy the foUowing conditions: (a) taking prices as given, 
consimier 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 investígate the dynamics of the model, we log-hnearise the equihbriimí 
conditions aroimd the steady state. The system of log-hnear 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(l ) process: 

Productivity 

V,=p^Vt-i+£ •At (20) 

Govemment Spending 

gt = Pg9t-i + Sgt (21) 

Money 

(22) 

where EM, £gt, and e^t 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 valúes for our benchmark economy. 

Table 1: Benchmark calibration 

Parameter Description Valué 

P Discount factor 

a Elasticity of effective labour 0.674 
e Preference parameter for leisure 3.89 
h Shift length, in hours 324,8 
X Fixed cost of travel, in hours 60 
X Total time endowment in hours 1369.2 

y. Gross trend growth rate of technology 1.0034 

5 Steady state rate of depreciation 0.0195 

<!> Elasticity of depreciation with respect to 
utilisation 

1.56 

p 
p-\ 

Gross steady state mark-up 1.145 

Interest semielasticity of money 
demand 

0.14 

Probability that a fu-m will be unable to 
change its price 

0.25 

e,U Steady state level of eñbrt and capital 
utilisation 

1.0, 1.0 

N Steady state employment rate 0.8 
AR(1) parameter on productivity shock 0.0 

P, AR(1) parameter on money shock 0.603 

AR(1) parameter on government 
spending shock 

0.956 

Standard deviation of technology 
innovations 

0.0072 

^ / ^ 

Standard deviation of money 
innovations 

0.0082 

Standard deviations of government 
innovations 

0.0146 

Most of the parameter valúes in our benchmark model correspond to those in 
Burnside and Eichenbaum (1996). ;5, /i, x , r, p and e are not estimated. The discount 
factor is calibrated such that the steady state armualised 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 60^°. This valué 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 hoiirs. The calibrated valué 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 valué of 0.14, this valué is consistent with the valúes estimated 
in Stock and Watson (IQQSf^. 

The parameters a, 6, jx, ¿, <P, PA^Pg, (^A and ag take the estimated valúes given in 
Burnside-Eichenbaum (1996). The persistence p^ and variance ÍT^ 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 • 
In the steady state this valué is equal to approximately 3. Blanchard and Fischer 
(1988) and Blanchard (1990) show that a very elastic labour supply can genérate 
persistence. This is not the case in our utility specification, since what matters for 
aggregation is the average laboiu: supply. Mulligan (1999) finds that the assumption 
of indivisibihty 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 
supply elasticity is equal to 0.33, which falls within the range of empirical estimates 
[0.1,1]̂ .̂ Nevertheless, in Section 6 we consider more general preferences that do not 
have the above mentioned features. 

The key parameter valúes of the model are 0, the parameter governing the degree 
to which firms will choose to vary capital utilisation in response to shocks, and rj the 

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

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

^̂ See also Mankiw and Summers (1986), Lucas (1988). 
^̂ The 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 Burnside and Eichenbaum (1996), 
the estímate of 0 depends on the mean of the series for depreciation. The expected 
valué of the rate of depreciation, St, is equal to 0.0195, which imphes 0=1.56 (The 
imphed two-standard deviation band for quarterly depreciation is 0.0181, 0.0206). In 
standard sticky-price models, r] often takes the valué of aroimd 0.75, indicating that 
firms change their price on average once a year. Estimates of this parameter vary from 
0.75 in Gah and Gertler (1999)̂ ,̂ to 0.5 in See Gah, Gertler, Lopez-Salido (2001)̂ .̂ 
Our benchmark valué of 77 = 0.25 assumes a lower degree 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. 

Figme 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 replícate 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 eífect 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 fuUy 
exploit the temporarily higher growth rate of productivity. In a standard two-factor 
input model with predetermined capital, the increased demand for laboiu: 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 utihsation, firms 
can increase capital as well as labour services. In doing so, their action magnifies the 
impact efíect of the productivity shock on output. 

'̂'See Blinder (1994), Sbordone (1998) and Taylor (1999) for empirical evidence of nominal price 
rigidities in the US. 

^̂ See also Gali, Gertler and Lopez-Salido (2001). 
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Figure 1 : Responses to a productivity shock 
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The effect of the shock is persistent because of the combined effect of utihsation 
on depreciation and henee the capital stock, and the assumption of labour hoarding. 
In periods foUowing the shock, the physical capital stock is lower. Output must 
remain high to finance investment and build up the capital stock. Utihsation and 
employment remain above steady state to genérate 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 utihsation rates along this path 
dampen the rate at which capital accimiulates. In addition to this mechanism, the 
assinnption that it is costless to adjust hours worked in the period after the shock 
leads to an inunediate 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 onHne with increases in employment. These combined effects lead to a hump-
shaped response in output. 

Figm-e 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 Eichenbaima's original model. Utihsation 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 utihsation 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 
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Figure 3: Responses to a money supply shock 
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Figure 3 plots the impulse responses to a shock to the money supply rule. Despite 
the low degree of nominal rigidity assimied, 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 íbced at just over one quarter. 

Money has real eífects 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 eflect 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 structm:e 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 
b " 

(23) 

where the parameter b determines the size of the capital adjustment cost. 
The calibrated parameter valúes for a standard one- and two-factor input model 

both with and without capital adjustment costs are reported in Table 2. Only param­
eter valúes that take on a different valué from those reported in Table 1 are included 
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below. 

Table 2: Models without time-varying factor utilisation and effort 

Parameter Valué 
e 2.1 
h 1 
X 0 
T 1 Steady state time endowment normalised 

to 1. 
<t> 10000 
e 0.33 Steady state level of employment. 
U 1 
N 1 
b =0 no capital adj costs 

=19.4 w/ capital adj costs 
Capital adjustment cost parameter 

Ih the standard one- or two-factor input model, eflFort is interpreted as labour 
supply^^. Its steady state valué is calibrated to . The adjustment cost parameter, 6, 
takes on a valué 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 (6 = 0), then 
the response of investment is imconstrained, and in the case of money shocks leads 
to unrealistically large responses in investment and output^^. 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 valué for h is cahbrated 
in a similar way to that in Casares and McCallum (2000), namely that the semi-
elasticity of investment with respect to the retum of the real asset is around 3.25%. 
The resulting valué for the adjustment cost parameter falls within the range explored 

^̂ In this case the elasticity of labour supply is given by which for our calibartion impies a 
steady state valué of around 2, somewhat lower than the typical valué assumed in the RBC literature. 

^̂ If the adjustment costs are described generically by the function ̂  (;^), where \¡4>' [•^) is in­
terpreted as Tobin's q, then adjustment costs affect the second derivative (p" {•j¿¡)- 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. 

^̂ See Casares and McCallum (2000) and Ellison and Scott (2001). 
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in the above references. These are given in Table 3̂ .̂ 

Table 3: Capital Adjustment Cost Parameter, b 

Woodford, 
(2000) 

3 Calibrated such that the degree of 
responsiveness of prívate expenditure is 
similar to that estimated in Rotemberg 
and Woodford (1997) 

Casares and 
McCallum, 
(2000) 

13.4-19.4 Calibrated such that the semi-elasticity of 
investment with respect to real asset 
retums is 2.25-3.25% 

King and 
Watson,(1996) 

40 Calibrated such that the elasticity of the 
investment-to-capital ratio with respect to 
Tobin's ̂  is 1. 

Chari, Kehoe, 
and McGrattan, 
(2000) 

87, 88.5, 

110 
Calibrated such that ̂ ^^^^y^ = 3.25 

4.2 Comparison of impulse responses 

In this section we compare the impulse responses of our benchmark model of time-
varying factor utihsation 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 (77 = 0.25). 

Figure 4 illustrates the basic motivation behind Bm-nside and Eichenbaum's model, 
namely that standard models with constant utilisation rates cannot genérate 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 utihsation. In order to genérate persistence, a highly autocorrelated productivity 
shock in levéis (eg pA = 0.95) is usually assumed in these models. 

'The estimated parameter assumes quadratic adjustment costs as described by Eq. 1.23. 
'For brevity we only compeire the model responses to productivity and money shocks. 
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Figure 4: Response to a productivity shock 
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Figure 5: Response to a money supply shock 
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We now turn to the various model responses to a money shock. These are illus­
trated in Figure 5. 

In models with constant factor utihsation, 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 utihsation does show a relatively 
large impact and persistent effect of a money shock. 
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A n interesting feature of Figure 5 is the imphed 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 cychcal 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. L i models with time-varying factor utihsation, 
although it is true that for a given level of employment services an increase in capital 
services reduces marginal cost, the equiUbrium 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 detall in Section 5 below. 

5 Model simulations 

5.1 Model statistics 

In this section we investígate simulated statistics across the different model variants. 
We allow for both productivity and policy shocks, the standard deviations 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 Umited 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 
utihsation 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 variabihty of the real vEiriables is due 
to real demand shocks and supply shocks have a very small overaU 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 particidar, 
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 valúes 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, ^ = 0.25 

Model Setting 

Data* No capital Capital Capital with 
adjustment 

costs 

Time-varying 
factor 

utilisation 
cr(r) 1.72 0.73 0.78 0.71 1.54 

a{C) 0.86 0.88 0.49 0.58 0.67 

cr{l) 8.24 - 1.50 0.88 4.32 

a{eN) 1.59 0.73 0.87 0.75 2.10 

a{K) 0.63** - 0.92 0.92 0.89 

a{KU) - - - - 1.29 

cr{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 mmierically calculated from model simulalions. 

We now look at the model statistics in the case where the degree of nominal rigidity 
is assmned to take on a more standard valué of 77 = 0.75. These are reported in Table 
5. The statistics indícate 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 Führer, 2000)"̂ ^ 

^̂ See 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 
henee output when there are no capital adjustment costs, The model with capital 
and adjustment costs is considered as an intermedíate 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 indícate 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 iUustrates that introducing factor utihsation ex-
acerbates the volatility of investment and henee 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 aUows for a reduction in the 
degree of nominal rigidity in a model with time-varying factor utihsation, 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 som'ce 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. 



CHAPTER 3: A Monetary Model of Factor Utilisation • 69 

Table 5: Model Statistics, r[ = 0.75 

Model Setting 

Data* No Capital Capital Capital with 
adjustment 

costs 

Time-varying 
factor 

utilisation 
1.72 1.26 4.03 1.63 16.65 

a{C) 0.85 1.82 0.51 1.37 1.07 

8.24 - 16.09 3.19 65.63 

a{eN) 1.59 1.86 6.74 2.76 21.05 

cr{K) 0.63** - 1.02 0.92 2.94 

a{KU) - - - - 13.26 

a{R) 1.29 1.36 2.49 1.21 2.86 

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

Many authors have tried to evalúate 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 íinding is that demand shocks are the dominant source 
of fluctuations in real variables for sbc 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^^. 

Given the mixed evidence on the sources of business cycles fluctuations, it is not 
possible to evalúate 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 foimd in Gali (1999), namely that the estimated conditional correlations of 
hours and productivity are negative for technology shocks and positivo for monetary 

Blanchard and Quah (1989) and Gali (1992), (1999) identify supply shocks that have permanent 
level eífects, 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 featm-e 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 investígate further the question of persistence in response to a money shock, we 
estímate the elasticity of real marginal cost with respect to output. These are reported 
in Table 6, and reflect the findings of the impulse response fimctions, namely that 
although the behaviour of output diñiers across the model specifications in response 
to a money shock, the behaviom: 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 speciflcations in turn accounts for the range of elasticity 
estimates. 

Table 6: Elasticity of Real Marginal Cost witli Respect to Output 

Model Setting 

Models No capital Capital Capital with 
adjustment 
costs 

Time-varying 
factor 
utilisation 

dmc y 2.97 1.23 2.08 0.24 
dy me 

The relationship between marginal cost and output is crucial for understanding the 
model's response to monetary shocks. In principie, money has real effects only if 
firms react to imanticipated 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 imphcation 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. 



CHAPTER 3: A Monetary Model of Factor Utilisation 71 

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 smaU (eg less than one), the im-
pUcations 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 utihsation holds more generaUy in staggered price setting models. This finding 
diflters from that of Chari, Kehoe and McGrattan (2000), who conclude that output 
persistence caimot be rationalised within a standard business cycle model with stag­
gered price setting without appeahng to implausibly large nominal rigidities. In a 
model with factor utihsation, it seems, small degrees of nominal rigidity can lead to 
a persistent response to output by flattening the marginal cost cvrve. 

5.3 Persistence 

We calcúlate the conditional autocorrelation coefficient, ^, oí output for money shocks 
to measure persistence for each of the model variants, assuming their respective 
basehne degree of nominal rigidity. The valúes 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 assmned. This is because of the effect 
of utihsation on depreciation, and of labour hoarding. Labom: hoarding prolongs 
the response of effective labour input, which in tmrn propagates the response of real 
variables. On the contrary, models with capital are unable to genérate persistence 
for a low degree of price stickiness. This failm-e 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 

*̂ We also calcúlate 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 Autcx;orrelation Autocorrelation Model Setting 
coefficient̂  ( T I = 0 2 5 ) coefficient 5 (TI=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 Vaiying Factor Utilisation 0.76 0.75 Time Vaiying Factor Utilisation 
(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 Variable Capital Utilisation 
(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 (T, = 4, CT, = 3, the results are robust to the valúes of elasticities used as long as O", « cr„ . 

6 Robustness 

In this section we investígate how much each of the various features of the time-
varying factor utihsation 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 argüe that the persistent effects of monetary shocks 
are a consequence of the particular utihty 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: 

l+a„ '1+(T, ' l-£ 

(24) 

We find that tmder factor hoarding monetary shocks can stiU genérate 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-g << (T„ see also Gali, 1999)̂ '̂ . In Table 7 we report the valué 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 assmnption. 

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 genérate 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 investígate whether our results on persistence are driven by the 
assumption of capital utihsation. Thus, we consider a two-factor input model with 
variable capital utihsation. Such a model has a similar structiu-e to the two-factor 
input model presented in Section 4 with the additional feature that utihsation is 
allowed to move. The calibrated valúes for this model are therefore the same as those 
reported in Table 2, except that 0 = 1.56. 

We find that variable capital utilisation alone cannot accoimt 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 genérate reaUstic investment 
volatility without having to assume capital adjustment costs at low degrees of nominal 
rigidities. But this assumption alone caimot 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 investígate the behaviour of the model over a range of parameter valúes, 1 < (Te,a„ < 10. 



CHAPTER 3: A Monetary Model oF Factor Utilisation 74 

6.3 Labour Hoarding and Variable Labour EfFort 

If we assiime 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 smaU at low 
degrees of nominal rigidities. The model we consider is the same as the one in Section 
2 with 0 = 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 labom: 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. McCaUum 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 coefñcient in output is reduced by 
13%)''^ 

6.4 Endogenous Monetary Policy 

In the preceding discussion we have only analysed eqmUbria 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 
weU the behavior of interest rates in practise."̂ ^ This rule takes the form: 

Rt = Kn + byVt + fJ^t 

''̂ From 0.76 in the benchmark model reduces to 0.66 for r}=0.75 with capital adjustment costs. 
*̂ See Calrida, Gali and Gertler (1998, 2000) for an empirical analysis of Taylor rules. 
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where 6̂  = 1.5 and by = 0.5 as in the original paper of Taylor (1993) and /it represents 
a pohcy shock. 

FoUowing Leeper, Sims and Zha (1996) we, also, analyze equilibria where policy 
is determined by: 

Rt = bmmt + Att 

According to this rule the interest rate has feedback only from the money supply 
contemporaneously, since inflation and output may not be observable when decisión 
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 77 = 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 
T] = 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 equihbrium sticky-price 
models to genérate business cycle fiuctuations unless an extreme degree of price stick­
iness is assumed. This paper investigates the propagation mechaiñsm of monetary 
shocks in an otherwise standard general equilibrimn sticky-price model, modified to 
incorpórate 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 genérate 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 aUows for 
a reduction in the assmned degree of nominal rigidity without sacriñcing 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 abihty to adjust capital and labour services. The 
sensitivity of marginal cost to output is closely related to a firm's abihty 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. ín 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-rim 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 
AUowing to denote the Lagrange multipher 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 
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Money demand 

—C,-%l¡ ^ ^ -R,=0 
(A15) 

Capital Law of Motion 

(l-5)kt -5(j)u, +{Y^-\+5)h -(l-^)v, =rJcM (A16) 

Resource Constraint 
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Production Function 

y¡ -{\-a)kt +(l-a)ví -am-aet = O 
(A18) 

Calvo Pricing 

(A19) 

Money supply process 

%lt-\ - - V i -%ít-7ü^=0 
E (A20) 

Hatted variables denote log-deviations from their steady state valúes. The vari­
able denotes the nominal Lagrange multipher , 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 pohcy in a currency área 
when the central bank conducts monetary pohcy taking into accoimt the possibihty of 
defection from the part of the región members. It is constructed around the, by now, 
standard stochastic general equihbrium two country model with imperfect competi-
tion and price rigidities which allows for the welfare evaluations of different pohcies^ .̂ 
Unconstrained optimal policy in a monetary unión imphes the maximization of the 
welfare of the consimaers of each región 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 valué of the utihty of each region's 
consumers inside the unión should be higher or equal than the present valué of the 
utility of each region's consumers if it were to conduct monetary pohcy 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 accormt the dispersión of inflation and output across regions. 

Benigno (1999) studying the unconstrained problem of a central bank in a cvir-
rency área 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 créate asymmetric responses of inflation, output 
and nominal interest rates. In the absence of participation constraints, optimal mon­
etary pohcy enhances the targeting of a weighted average of the harmonized inflation 

"̂ Î would like to thank Albert Marcet for valuable advice and Ramón Marimon for his classes on 
contract theory. I would also like to thank Richard Clarida and Mairk Gertler for useful discussions. 

^̂ See 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 imconstrained 
with the constrained problem would be identical. This is not the case, since belonging 
to a currency área imphes costs for the región members. In Monacehi (2001) an econ­
omy rehnquishing its monetary independence may face a potential trade-off between 
higher instabihty in real activity and lower instability in inflation. In Benigno (1999) 
a monetary imion is associated with costly inertia in the terms of trade. In Devereiix 
(1999) the dependence of the money shocks in each country lead to increased vari­
abihty of domestic variables which would be avoided under a flexible exchange rate 
regime. Also Gah and Monacehi (2000) show that by rehnquishing monetary policy 
a smaU open economy might increase the volatihty 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 
enforceabihty constraints. The fact that at the initial period our new state variables 
are well defimed allows for a proper recursive formvilation. Given the difflculties in 
constructing a numerical algorithm to compute the equihbria in the presence of par­
ticipation constraints, we make some specific assxmíptions on the price setting and on 
the functional forms to aUow 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 simphfications aUow 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 foUows: First, we find a trade-off between eí­
ficiency and incentives which emerges in settings with lack of a strong enforcement 
technology. The way to deal with the enforcement problems is to manipúlate 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 impHes a 
persistent increase in consumption for this country in order to prevent defection. An 
immediate implication of this result is that individual paths of consimaption depend 
on individual histories and not on the aggregate consumption path. Thus, in the 
presence of binding participation constraints asymmetric shocks do créate asymmet-
ric responses of consumption, even if the two countries are identical in aU the other 
respects. Moreover, the asymmetric movements in consumption affect the evolution 
of inflation and employment and increase the instabihty 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 énforceability 
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. 

FinaUy, 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 unión. One conclusión that could be then reached is that unions with more 
idiosyncratic shocks across regions entail costs in terms of eíBciency. 

The rest of the paper is structmed as foUows. Section 2 presents the basic model 
and Section 3 the problem of the central banks when they conduct policy indepen-
dently. The imconstrained maximization problem of the central bank in a currency 
área 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 área. Each región 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 normahzed on the interval [0,1], the population of región 
H belongs in the [0,n) interval while the population of región F in the [n,l]. Each 
agent derives utility by consmning an index of consmnption goods and disutihty from 
producing output. Households in both coimtries maximize the expected discoimted 
valué 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 
coimtry level the asset markets are complete while a bond denominated in the unión's 
currency is traded internationally. 

2.1 Consumers 

There is no migration across coimtries. In each period í, the economy experiences 
one of finitely many events St. Let denote the history of realized states from period 
zero until period t, i.e., / i * = {SQ, S i , s t } . The probabihty, as of period zero, of any 
particular history is 7r(/i*). The initial reahzation SQ is given. Assume that pref­
erences are identical across regions, in the home country consumers have preferences 
given by: 

EU=t = OYYMh') [uiC^{i,h')) -viYH{i,h'),z"{h'))] (1) 

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

and V an increasing convex function 

v{Y,z) = z-'^ — , v>l 
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is a region-specific productivity shock and C^{i, /i*) is an index of consumption 
bundles defined as: 

C"(i, h^) = [(1 - a)nCH{h h^)"^ + avCF{i, /i*)"^'"^ T7-1 (2) 

where CH and Cp are indexes of consumption across the continuum of differentiated 
goods produced respectively in región H and F: 

\ JcH{i,h')'^dij , CF{h') = I (^^y lcAJ,h')'^dj 

0 
\ er=í 

I O / \ n 
Here, ^ > 1 is the constant elasticity of substitution across goods produced within 
the región, while the elasticity of substitution between the bundles Cu and Cp is r]. 
Given the indexes of consumption price indexes are defined accordingly: 

P^ih^) = [(1 - a)Pu{h'f-^ + a(e(;i*)Pp(/i*))i-^]l^ 

( i ) ]puii.K^r^di 
) 

Prm = 

(3) 

(4) 

where e(/i*) is the nominal exchange rate, Pnih h*) is the price of goods produced 
in country H sold in the market of country H and PF{J, h^) is the price of goods 
produced in coimtry F sold in the market of country F. Finally, P^{h*) denotes the 
aggregate price index. 

We assmne that there is no International price discrimination and the law of 
one price holds. Note that the foreign consiuner price index will be analogously 
P^(/i*) = [(l-a)F;r(/i')^-''+a(Pf/(/i*)/e(/i*))^-'']^ and therefore purchasingpower 
parity does not hold in this economy, unless there is no home bias in consimaption. 
The terms of trade are defined as the ratio of the price of the bundle of goods produced 
in región F relative to the price of the bundle of goods produced in región H , = 
PF{h*)/PH{h^). The real exchange rate is accordingly defined as: q{h^) = ^ ^ 5 ^ ^ . 

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

P"ih')C"ii, h') + Eft« Q{h\ h'+')b''{i, h') + B{h'+^) < 
(1 - r)PHÍi, h^)YH(i, h') + b"{i, h') + (1 + R{h'))B{h') + TR{i, h*) (5) 
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The home consumer purchases the set of securities b at price h}'^^), which is 
sufficient to span all the state of nature within región H. She also purchases the nom­
inal non contingent bond denominated in the imions 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): 

(ul(h^\ P^jh') _ 1 /57r(;i*+i) (6) 

2.2 Producers 

Agents are monopohsts in seUing their product and prices are sticky. A l l seUers fix 
their price one period in advance and choose the price, P¡y(í, h^) for the produced 
difíerentiated good i so as to maximize expected utihty resulting from sale revenues 
minus the disutihty of output supply, taking as given P,PH, and Pp and subject to 
a downward sloping demand function. Thus the home firm at í — 1 chooses its price 
to maximize: 

Y,^{h')Q{h\ h'-'){{l - r)Pfj{i, h')YH{i, h') - V{YH{Í, h'); z"{h'))} (7) 

where z^{h^) (z^(/i*))is a domestic (foreign) productivity shock. 
Prom the properties of the consiuners' preferences it is easy to see that the demand 

for firm i is given by: 

y¿(z,/^*) = Cn{h') + C*j,(h') 

where C*p{h^) is the foreign demand for domesticaUy produced goods. 
The optimal pricing decisions for country H and F satisfy respectively: 

(8) 

Et_i{[í/c(C^(/i*)) ( l - a ) + as(^') 1-1 -v,(F^(/i') ,zf)]y^(/i')} = o 

(9) 

Et-,{[U,{C^{h')) (1 - a) + as{hy-^ - Vy{Y^{h\ z^)]Y^{h')} = O 
(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: 

TÍ PH{i,h^)YHÍi,h^)di= f TR{i,h')di (11) 
Ji£H JieH 

A similar condition holds for the foreign coimtry. 
We also assume that r = —(9 — so that in equilibriiun the market power 

distortion created by the monopolistic structure in the market for diíferentiated goods 
is neutralized. 

2.4 Market Clearing 

Total demand for domestic output comes form the demand for consimiption of home 
and foreign consumers. Thus, domestic output is determined by: 

Y"{h') = [(1 - a) + as{h'Y-''\[(1 - a)C"(h*) + aq{h')'>{h')] 
(12) 

and for the foreign country: 

Y^{h') = [(1 - a) + as{hy-^] ^ [(1 - a)C^ih') + aq^i^^C"{h^)\ 
(13) 

where g(/i*) is the real exchange rate. 

2,5 Exogenous Processes 

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

z\ = exp(t;J), where vi = p'^v\_i + el,i — H,F and the cross correlation between 
the two shocks is p^^ and p^^. 

and et is a (1 x 2) vector of mean zero i.i.d. shocks to technology with a diagonal 
variance matrix E. To keep the model as symmetric as possible we assume that the 
foreign technology shocks take on identical variances to the home coimtry shocks. 
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The asymmetry between the two shocks is in the degree that they are correlated. 
We will aUow for positive correlations smaller than one and for negative correlations 
between the two shocks. 

2.6 Characterization of Equilibrium 

We now tum to characterize the equilibrium policies and allocations. An equilib­
rium is a collection of allocations for home consumers C^(/i*), M^(/i^), 6(/i*+ )̂; al­
locations for foreign consumers C^{h'''),M^(h^),b*{h^'^^); allocations and prices for 
domestic goods Yuihh^), PH{hh^) for i € [0,n]; allocations and prices for foreign 
goods Ypih h^),PF(i, h^) for i G [n, 1];, aggregate price levéis P^{h^), P^{h*), bond 
prices /í'),Q-^(^*+^,/i') terms of trade s(h.') and individual transfers and 
tax rates TR(i, h'^),T, TR*(i, h^),T* and policies that satisfy the foUowing con­
ditions: (i) taking as given the prices, consumers aUocations solve the consumers' 
problem, (ii) the price set by each differentiated good producer solves his problem 
(iii) 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 wiU consider. 

3 Optimal Independent Monetary Policies 

In this section we analyze the interaction between the two regions when they conduct 
monetary pohcy independently. In this case the monetary authorities in each región 
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 í as: 

w^ih') = [u{C"{h') - v{Y"{h'),zÍ')] (14) 

The welfare criterion is thus defined as: 

W' = Et-i^Y(^Mh'W{h')^ (15) 

The domestic pohcymaker maximizes the welfare of its region's consmners subject 
to (6) and (9). (The problem of the foreign pohcymaker is defined in a specular way). 
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Notice that under flexible prices the optimal pricing decisions for región H and F 
satisfy: 

Uc{C"m [(1 - a) + asih')'-^Y^^ = Vy{Y^ih% ) (16) 

U^iC^m [il-a)+as{hy-']-^- = Vy{Y^{h%z[) (17) 

Under flexible prices a positive productivity shock decreases the marginal disutility 
of producing domestic output. In equilibrium the terms of trade will deteriórate in 
order for resources to be aUocated 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: Et-i{[Uc{C^(h^)) 
(I - a) + as{hy-i]~^ -Vy{Y^{h^),z^)]Y"{h^)} = 0. In the foreign región it 

also holds that: Et-i{[U¿C^{h*)) [(1 - a) + as(/i*) ' '-i]~^ 
-Vy{Y^{h*),zf)]Y^(h'^)} = 0. In a discretionary equiübrium the above condi­

tions are taken as given by the poUcymaker but need to be satisfied in equilibrium. 
An imexpected 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 inefHciency of the equi­
librium when the two regions conduct policy independently: the pohcymaker in each 
región may have an incentive to surprise the foreign región 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 hnks increase the incentives for competition between home and 
foreign policymakers. 

The incentives to strategicaUy use the terms of trade for deteriorating the foreign 
region's conditions could be ehminated if the two policymakers could coordínate in 
designing pohcy. One way of coordination is the establishment of a cm-rency área 
between the two regions. A currency área has the potential of eliminating the pohcy 
competition distortion since in a monetary unión the central bank intemaüzes the 
strategic role of the terms of trade. However, a currency área can partly solve the 
problem since the fixity of the nominal exchange rate coupled with the fixity of prices 



CHAPTER 3: Appendices 89 

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 ehminates 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 ehminated for some positive degree of monopolistic 
distortions. In a recent paper, Benigno-Benigno (2001) show that by appropriately 
choosing the overaU degrees of monopohstic competition, the flexible price allocation 
can be implemented as a Nash equihbrium. 

4 Optimal Monetary Policy in a Monetary Union: The 
case of no participation constraints 

In general, a currency área might partiy solve the problem of the presence of beggar-
thy-neighbor policies when the pohcymakers conduct pohcy independently. However, 
when prices are pre-set, the role of the exchange rate of adjusting the economies after 
a región 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 unión and conducting policy independently for a given 
región. 

Following Benigno (1999) the problem of a central bank in a monetary unión 
is to maximize the weighted average of the utihties of the two regions' consumers 
subject to the aggregate constraints in the economy and vmder the assumption that 

^̂ See Devereux (1999). 
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the exchange rate is fixed^°. The average utihty flows are defined at each date t as: 

w^'^ih') = (1 - nMC^^ih') - v{Y"{h'),z?)] + n[u(C^(/i')) - t;(y^(/i*), z()\ 
(18) 

The welfare criterion is thus defined as: 

M/^'^ = |g/3V(/i*)í/;̂ ^(/i')| (19) 

A Ramsey equihbrium is a pohcy, an allocation for consumption, output and the 
terms of trade, and price rules, P^{.) and P^{.) such that the pohcy 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 pohcy should solve the 
consumer's and the producer's problem at home and abroad^^. 

Throughout the paper we suppose there is an institution or commitment tech­
nology, through which the central bank can bind itseh to a particular set of pohcies 
once and for all at date zero. We model that by allowing the central bank choose a 
policy, at the begiiming of time and then having consumers choose their allocations. 
The Ramsey aUocation problem, setting the initial nominal assets of consumers to 
zero, is 

ma^ {l-n)Y,Y^Mh')[u{C^{h')-v{Y^{h%z?)] + (A4.10) 

nY.YlP'-nmu{C^ih'))-v{Y^{h%z()]} 
t h*-

subject to the cholee of intertemporal consumption smoothing at home and abroad 
(6) and the optimal pricing decisions (9)̂ .̂ 

^°The 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. 

^̂ Notice 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. 

^^Condition (9) is an incentive compatibility contsraint that the central bank has to take into 
account when designing policy. The inclusión of the expecation operator in the í — 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 imconstrained máx­
imum give^ :̂ 

Moreover, in the impact period of the shock As(/i*) = O,and also for all periods: 

Y\h') = C\h'){{l -a)+a f T ^ - V ' ' " i = H,F (21) 

The above conditions show that asymmetric shocks do not créate asymmetric re­
sponses of inflation, consumption, and output. Equation (21) states that in the 
unconstrained optimum the central bank wiU 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 flnancial 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 
Colé 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 caimot 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 proportionahty of real GDPs in 
the two regions means that production rises by too little in the domestic región and 
too much in the foreign región. This is achieved if domestic employment falls and 
foreign employment increases in response to a domestic technology shock, in place of 

53, The 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 diíferentials are 
perfectly correlated, the adjustment to technology shocks imder the optimal policy 
in a currency área requires costly adjustments in labor markets in the impact period 
of the shock. The more asyrmnetric are the underlying processes in the two regions, 
the bigger the ineíficiencies in labor markets provoked by the inertia in the terms of 
trade. 

The objective of a central bank in a currency área 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 replícate the 
flexible price allocation. A positive productivity shock in country H should increase 
constmiption 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 equihbrium process of the nominal interest rate (in 
log-linear form) associated with the optimal policy is given by^ :̂ 

'̂ = + ""'^ ^ + ""̂ '̂  ^̂^̂  
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 
foUows from the Euler equation in the foreign country). The decrease of the nominal 
interest rate in country H, reinforces the income effect in coimtry 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. Infiation variabihty is low in 
equilibrimn since the faU 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^ .̂ 

"̂̂ Details of the derivations are included in the Appendix. 
*®If staggered prices were assumed instead the d3T[iamics would be qualitatively similar, though we 

would not be able to obtain a complete analytical solution (see Pappa(2001)). 
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5 Optimal Monetary Policy in a Monetciry Union: The 
Case of Participation Constraints 

Although a currency área may have the potential of eliminating the beggar-thy-
neighbor policies of the independent-pohcy 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 aUocation. The costs from the inefíi-
cient movements of employment in a currency área might be higher than the benefits 
from cooperation inside the unión for a región member. Since when a región conducts 
pohcy 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 variabihty of domestic variables when a región 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 fiexibility might 
outweigh the costs of pohcy competition when the central bank conducts pohcy 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 equihbrirrai decreases as well. 

For that reason, a central bank when designing pohcy, should take into accoimt 
the fact that the country members might be better off outside than inside the unión. 
This consideration from the part 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 
región members should maximize unions utility subject to the additional constraint 
that the present valué of the utihty of each región inside the imion should be higher 
or equal with the present valué of the utihty of each región if it were to conduct 
monetary pohcy independently. 

The problem of the central bank in this case is given by^ :̂ 

maxEt_i/3* {(1 - n){[«(Cf) - VÍY/", z^)]} + n{[u{Cf) - v(Yf, z[)\}} 

^^Hereafter, 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 cholees of the consumers and the producers and 
subject to the intertemporal participation constraints oí the form: 

k=0 MU k=0 

k=0 
> 

MU A=0 

ín what follows we assume that the decisión of a región member to leave the unión 
if its participation constraint was violated is irreversible. For any period í > O, the 
constraints restrict the utility of all members in a monetary unión to be at least as 
large as their utility when the monetary authority in each country conducts pohcy 
independently. From now on, for ease of notation, we wiU cali the right hand side of 
(24) and (25) 4>H{<^1") and (PF{<^Í^) 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 decisión 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 P^'yu, i = H,F, be the multipliers in (24) 
and (25), the lagrange of the central bank will be given by: 

£ = {l-n)Y: ^ ' { K C f ) - viYt", zt")]} + n Eí3H[u{C[) - v{Yf, zf)]} + 
t=o t=o 

f ; /S^Hfc kc.^fc) - v{Yt%^,z?^,) - 4>H{Í^{H + £ ^ S K . \U{C!^J,) - v{Yl^, 4 , ) - <¡>M 
k=0 k=0 

subject to the constraints of the consumers and the producers decisions. 
K we define 

Ai¿m+i = E i = H,F 
n=0 

(26) 
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and collect all the terms that involve u and v, the Lagrangian becomes: 
oo 

£ = Y/3'fim+i{HCn-v{Y,",z,")]}+(^m+i-pim) [u{Cli,) - v(Y»,,zli,)-M^n 
t=o 

oo 

+YP'f^Ft+i{[u{C[)-v{Y/,zn]}+{f^Ft+i-f^Ft) [u{Cl,k)-viYtlk.4+k)-M^'/) 
t=o (27) 

with 

fJ-Ho = (!-"•) and ^ipo = n (A4.10) 

Atit+i = Aíit + 7ií for i = H,F 

Here the vector /it = {/ÍHÍIMFÍ} 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 valúes of the control variables and the costates 
/it are relevant from past history. In order the solutions in problems (24-25) and 
(28) to be equivalent in (29) the initial valúes of the multipliers should coincide 
with the weights of the central bank's problem, while in futme periods fiit,i — H,F 
is determined according to the fimctions 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 technologicaUy feasible 
for the central bank to reset /if = {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 imion. FuU 
commitment from the part of the policymaker means that it commits to the evolution 
of /i determined by the participation constraints in aU periods. 

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

^ fm±i±J^s;'^ (28) 

Optimal monetary pohcy amounts to choosing efficiently the time profile of the 
time dependent weights mt+i+Hio, i = H,F, in order for the participation constraints 
to be satisfied in all periods. We wiU 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 región^". 
If the participation constraints were never binding the results of the unconstrained 

with the constrained optimum would be equivalent. In (29) 'yu = O, for i = H,F and 
\/t. Thus, /ijt-fi = Hit - Hio 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 t the constraint does not bind but at period í, 
7jt > O, although for k <t, 7̂ -̂  = 0. Then for the agents of the coimtry j it holds: 

/ ît+i = Aíjo + Ijt > f^jo (29) 

Suppose, for example, that j — H, then the denominator in (30) increases. Since st 
is constant for one period, consumption in country H should increase. The mone­
tary unión 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 
región which is likely to defect. The increase in consumption has to be persistent in 
order for the additional consumption that the specific región 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 región members and 
the equilibrium allocation is associated with losses. 

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

(30) 

'̂̂ In case that the two regions hit their participation constraints silmuntaneously, the central bank 
is unable to avoid defection and the currency área disintegrates. 
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Moreover, the decrease of the nominal interest rate in the constrained optimum is 
bigger relative to the imconstrained optimum, since pHt+i > PHQ and > 0. 
The central bank decreases interest rates in order to increase consumption in coimtry 
H. Given that región H is Ukely to defect the central bank will decrease more the 
nominal interest rate than in the imconstrained optimum in order to certify that 
región H will comply with the contract. In the second period prices and terms 
of trade move to restore equilibrium. The variabiüty 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 coimtry. In equiUbrium the income 
effect dominates the substitution effect and consiunption rises in both coimtries. 
Thus, although the multipliers would change valué 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 eñicient reallocation of resources. 

The above analysis suggests that when the participation constraints are binding 
the variabiüty 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: 

Wt^EoU^/S'Lt] 
l t=o J (31) 

with Lt = {<f>M - é¿? + -nlt + <í>s{st - s^f} 

where (ct —ĉ ) is the gap between actual and flexible price consumption, and (st —s") 
is the gap between actual and fuUy 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 

Benigno (1999) introduces a similar criterion for the case of no home bias in consumption. 
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are often binding decreases tlie welfare of the consumers of aU the region-members in 
a currency área. 

6 Conclusions 

We conclude with a brief overview of the paper's primary findings. 

• Optimal monetary policy in a currency área should take into account the dis­
persión of output and inflation across regions when participation constraints 
define the set of feasible policies. In the constrained máximum, individual 
paths of consumption depend on individual histories and not on the aggregate 
consumption path. 

• 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 
enforceabihty constraints bind, the weight of the región for which these con­
straints have been binding more frequently in the past is higher than in the 
other región. 

• In this framework, asymmetric shocks in a currency área do créate asymmetric 
responses of regional variables. 

• Participation constraints introduce a trade-off between eíficiency 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. 

• Prequent violations of the participation constraints in a ciirrency área increases 
the variabihty of the macroeconomic variables. 

• In the presence of enforceabihty constraints, the central bank should pursue a 
more expansionary policy with respect to positive productivity shocks than in 
their absence. 

• The inclusión of countries that seem to do better outside a monetary unión 
might increase instabihty inside the unión. 
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In the current paper we have hmited our analysis in particular utihty 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 coimtry members of the EMÚ 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 aU the above mentioned issues. 



CHAPTER 4: Appendices 100 

APPENDIX 1 

The Unconstrained Máximum 
In the unconstrained máximum the central bank maximizes the welfare objective 

subject to the first order conditions of the consumers' problem and taking into accoimt 
the first order conditions of the firms. The problem of the central bank is summarized 

59. 
as' 

otr^t Z, 

<-l 

[(1 - a) + a ^ r ' ] ^ [(1 - a)Cf + a^^^Cf ]1 

subject to: 

( l - « ) + « 4 + í 
{í-a) + as¡ l - r , } = 0 (A2) 

(Al) 

_{l-a)+as1-\ 
} = 0 

If we set 77 = 1, (Al) is simplified: 

(A3) 

inax í ? t - i ( l - n ) 2 : / 5 * { ^ f — [ ( 1 - a ) C f + a^^Cf H + (A4) 
t 

^E^'IT=V-'Í [ ( i - a ) c f + a 5 r ^ c f n 

subject to: 

c f - £;í/3{c,^r"(i + Rt)} = o H -ai (A5) 

Cf- '^ - .Et/3{Q^r"(l + ^í)} = O (A6) 

The FOC of the central banks problem are given by: 

{\-n){Cf-''-z^-\\-a)Cf-VastClr\\-a)}-nzl-^ast^^^^ 

+ A f (-cr)Cf-e^+i) - Af_ i ( -^)Cf - ( -+ i ) ( l + i2f_i) = O (A7) 

^̂ For ease of notation in the appendix we abandon the dependence of the variables in the states 
of natura and we replace the sum over probabilities with the expectations operation. 
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n{Cr'^-zr'[{l-a)C[+as;'Ct"r-'{l-a)}~{l-n)z^-'^^^^^ 

+ Af (-cr)Cf-(^^+1) - Af_i(-cr)Cf-('^+i)(l + Rt-i) = O (A8) 

- A f / 3 Q ^ r ' ' - A ^ / ? C f , r ' ^ = 0 (A9) 

Et-i{{l - n ) í í - v[{l - a)C^ + a s . C f J'^-iaC/" + v[{l - a)Cf + ots^^C^Y-^aC^ s^"^} = 
(AlG 

Adding and substracting Cf '^C[a{l — n) and C/" "^C^St "^an and using the 
FOC of the firms problem in (AlO) we get: 

n 
1 — n 

- 2 (All) 
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APPENDIX 2 

The Constrained Máximum 
Using the simplified welfare objective (A4) the Lagrangian for the constrained 

problem is given by: 

i — CT V 

- - ^ [(1 - + a^.Cf J'' - M^n]} 

+ E / 5 W i { [ f r ^ - ^ [il-a)C[ + asT'cm+ (A12) 
í 

r - l 

1 - CT V 

subject to A5 and A6 and with 

fJ-it+i — mt + lit (A13) 
vn 

and iiimJri = XI 'Y'" "̂'̂  i = H,F 
n=0 

Substituting (AIS) into (Al2) and taking the derivative with respect to st follow­
ing the same procedure as in the imconstrained maximmn results in equation (30) in 
the text. 
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APPENDIX 3 

Determination of the nominal interest rate in the uncon­
strained máximum 

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 consmnption 
Loghnearizing equation (21) in the text we get: 

( l - n ) { l - . r ^ C f ' ^ + ' ^ - l [ ( l - a ) + a . r ( i T ^ ) " ^ ^ ' ( 1 " ")> 

F - l -1 
— nz¡ oiSt 

( l - a ) . , - * ( - " ̂ ) ^ ^ % a . r ^ r ^ = 0 (A14) 

n{ l - z f - ^ C r + - M ( l - a) + asr - a)} 

n \ 1+0- + aStY-^=Q (A15) -{l-n)z?-'as,[{l-a)sr {j^ 

Loghnearizing the above conditions^°: 

+ zf -{v + a- l )c f + 

+ l - ( í ; - l ) a - ( í ; - l ) ( l - a ) — — > SÍ = O 

(A16) 

zf + z[-{v + a- l )cf -

' {v — l)a((T — l) f n 
1 + G l — nj 

+ l-(v-l)a-{v- 1)(1 - a) : n 
1 + (T V i — 

st = 0 
(A17) 

The loglinearized versión of the FOC of the consumers gives: 

c f = Etc^^^ --{Rt- TTHt - aAst+i) (A18) 

(A19) 

^°Lower case variables denote the percentage deviations from respective steady state valúes. 
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Substitute (A16) to (A18) and (A17) to (Al9) to get: 

Rt = r^—r(^f + ) + - ^EtAst+i (A20) 

Repeating the same for procedure for the foreign country: 

Rt = (^f + z[) + T^Ft + íí£ t̂ Ast+i (A21) 

where ü = | í - : i J | ^ ( ^ ) ^ + i _ _ i )a _ _ i ) ( i _ a)^ ( i ^ ) " ^ } " 
a 
a 

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 máximum 

The procediire followed for determining the optimal behavior of the nominal in­
terest rate in the constrained máximum is exactly the same as for the unconstrained 
one. The only difference hes in the presence of the multipliers. Also, notice that we 
are loghnearizing after we have derived the FOC of the planners problem. Equations 
(Al6) and (Al7) in the presence of participation constraints become: 

w P- / X ff (v — l)n (v — l)(l — n) 

)\ ¿ + i _ ( u - l ) a - ( i ; - l ) ( l - a ) : ; > st = 
O 

(A22) 

R p / . X F {v — \)n (Í; —1)(1 —n) , 
zf ^zl-{y^ü- l)cf - liFt + (1^^) m - (1 - n)iiFt -

[-̂  + l - ( v - l ) a - ( í ; - l ) ( l - a ) - - — > St = O 

(A23) 

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