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Abstract

This paper studies the scope for international monetary cooperation in an environment
with global demand imbalances and financial spillovers. We show that the absence
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Central banks nearly everywhere feel accused of being on the back foot. The present
danger, however, is not so much that current and planned moves will fail eventually to
quell inflation. It is that they collectively go too far and drive the world economy into
an unnecessarily harsh contraction...by simultaneously all going in the same direction,
they risk reinforcing each other’s policy impacts without taking that feedback loop into
account.

Maurice Obstfeld “Uncoordinated monetary policies risk a historic global slowdown,”
blog post, Peterson Institute, 09/12/2022

1 Introduction

Following a prolonged phase of expansionary monetary policy, central banks around the
world have begun a tightening cycle in an effort to quell inflation and cool down the
economy. Concerns, however, have emerged about the fast pace of collective interest rate
hikes and the extent to which it can trigger an unnecessarily sharp contraction in global
economic activity (Obstfeld, 2022).!

Does a cooperative monetary policy indeed call for a more expansionary monetary
policy? Or is it possible that countries under-tighten relative to the socially optimal level?

More generally, what are the gains from international monetary policy coordination?

A traditional argument for the desirability of monetary policy coordination is that it
prevents strategic terms of trade manipulation. According to this argument, every central
bank has incentives to lower domestic output to move the terms of trade in its favor.
Following this logic, central banks find it individually optimal to keep a tighter monetary
policy relative to what is optimal for the world economy.?

On the other hand, policy discussions on international monetary policy cooperation
tend to orbit around questions of macro-stabilization. For example, a widespread concern
expressed by policymakers is that increases in foreign policy rates can lead to pressures
on domestic inflation and the value of a country’s currency. It is unclear, however, why
under a flexible exchange rate regime, an appropriate response of the domestic central

ISee the Peterson Institute blog post by Maurice Obstfeld “Uncoordinated Monetary Policies Risk a
Historic Global Slowdown”, from September 12, 2022, which has spearheaded extensive policy discussions.

This argument is at the heart of the New Open Economy Macroeconomics (NOEM) framework in
which countries have monopoly power over the good they produce. See Obstfeld and Rogoff (1995) and
Corsetti and Pesenti (2005) for early contributions and Corsetti, Dedola and Leduc (2010) for a review of this
literature.
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bank would be unable to insulate the economy from foreign monetary policy shocks and

why a cooperative arrangement would achieve a superior collective outcome.

In this paper, we take a different perspective, focusing on a financial channel of inter-
national monetary policy spillovers. At the center of our model is the idea that foreign
monetary policies affect the world real interest rate and, through this channel, the degree
of domestic demand imbalances. Our analysis builds on Bianchi and Coulibaly (2021),
who show that international monetary policy spillovers operate through an aggregate de-
mand externality in the presence of an occasionally binding zero lower bound constraint,
and Fornaro and Romei (2022), who study policy cooperation in a related framework
with costly inflation, which we generalize, in particular, by allowing for the possibility of
overheating and non-tradable inflation.

We demonstrate that the Nash equilibrium may feature over- or under-tightening
relative to the cooperative solution, depending on the state of demand imbalances and
differences in labor intensities across sectors. Under the assumptions that non-tradables are
more labor intensive than tradables, we obtain the result that a coordinated monetary policy
calls for more expansionary policy when the economy is facing a recession, echoing the
results in Fornaro and Romei (2022). However, if the economy is overheating, we show that
coordinated monetary policy calls for a more contractionary policy. Intuitively, when the
output gap is positive, a higher real interest rate helps cool down the economy. Individual
central banks do not internalize that raising the nominal rate leads to an increase in the
world real rate and improves the output-inflation tradeoff abroad. Therefore, they under-
tighten relative to the Nash equilibrium. In addition, we find that the Nash equilibrium
may also feature under-tightening if the economy is in a recession, but tradables are more
labor intensive. Finally, if labor intensities are the same across sectors, we find that there
is no scope for monetary policy cooperation regardless of the sign of the output gap. A
key contribution of our paper is to establish analytically that whether cooperation calls for
lower or higher rates can be framed entirely in terms of the sign of the output gap and the
differences in labor intensity across the tradable and non-tradable sectors.

Related Literature. There is a vast literature on international monetary policy coordina-
tion going back to Hamada (1976), Oudiz and Sachs (1984) and Canzoneri and Henderson
(1991). Two pioneer papers adopting a microfounded approach to cooperative mone-
tary policy are Obstfeld and Rogoff (2002) and Corsetti and Pesenti (2005) (see also, e.g.,
Benigno and Benigno, 2006; Devereux and Engel, 2003; Egorov and Mukhin, 2020; and
Bodenstein, Corsetti and Guerrieri, 2020). A key theme in this literature is that individual



countries have incentives to lower their own production to shift terms of trade in their
favor at the expense of other countries. According to this optimal tariff argument, central
banks generally over-tighten monetary policy relative to the socially optimal level. We

highlight instead a financial channel, which generates the possibility of under-tightening.

In Bianchi and Coulibaly (2021), we show that the extent to which a foreign monetary
policy shock is welfare improving for the domestic economy depends on whether it
increases the vulnerability to a zero lower bound. Moreover, we show that capital controls
can insulate the economy from changes in foreign monetary policy. The setup we consider
in this paper also builds on Fornaro and Romei (2022). They show how an increase in the
preference for tradables, acts as a cost-push shock, leading in equilibrium to inflation and
a negative output gap. Crucially, they argue that a cooperative monetary policy would
implement higher output levels relative to the Nash equilibrium because countries do not
internalize that letting domestic inflation rise induces positive spillover effects to the rest
of the world. Our analysis shows that there is also a possibility of under-tightening. More
generally, we establish analytically that, independently of the shocks, whether cooperation
calls for lower or higher rates depend on the degree of slack in the economy and differences

in labor intensities across sectors. >4

The key mechanism at play in our model is also related to the literature on aggregate
demand externalities and pecuniary externalities.” In Farhi and Werning (2016) and
Schmitt-Grohé and Uribe (2016), nominal rigidities and constraints on monetary policy
generate aggregate demand externalities, leading to a welfare scope for capital controls. In
this paper, we consider a model in which monetary policy faces no constraints, but inflation
is costly, and sectorial shocks break divine coincidence. In turn, as individual countries seek
to deal with the domestic output-inflation tradeoff, this generates a pecuniary externality
through the world real interest rate. In this literature, there is scope for individual countries

to use capital controls in the presence of constraints on monetary policy. In this paper, we

30ur setup differs by considering an elastic labor supply, binding upward and downward rigid wage
rigidity, and decreasing returns to scale in labor in the non-tradable sector, which in turn allow for the
possibility of overheating and non-tradable inflation. In their setup wages are perfectly sticky in the first
period, but given that households have a fixed endowment of labor and there is no disutility cost from
working, the possibility of overheating does not emerge. Indeed, they only consider a shock that leads to
involuntary unemployment while non-tradable inflation is fixed because the production function is linear in
employment.

4Acharya and Bengui (2018), Eggertsson, Mehrotra, Singh and Summers (2016), Caballero, Farhi and
Gourinchas (2021), and Fornaro and Romei (2019) study the propagation of liquidity traps across countries,
but do not consider the scope for monetary policy cooperation. For the empirical literature on international
monetary policy spillovers, see, for example, Rey (2013) and Kalemli-Ozcan (2019).

5See, for example, Bianchi (2011), Farhi and Werning (2016), Schmitt-Grohé and Uribe (2016), Fornaro
and Romei (2019), Bianchi and Coulibaly (2021), Bengui and Coulibaly (2022).



consider a model in which monetary policy faces no constraints, but inflation is costly, and

sectorial shocks break divine coincidence.

Finally, there has been an active recent literature on sectorial reallocation and the
connection with the rise of inflation following the Covid-19 pandemic.® Relative to this
literature, our paper provides a normative analysis of the importance of global monetary

policy coordination.

2 Model

Time is discrete and infinite. We consider a world economy composed of a continuum
of identical small open economies k € [0,1] with two types of goods: tradables and

non-tradables. The environment is deterministic and features nominal rigidities.

2.1 Households

Each economy k is populated by a continuum of identical households of measure one.”
Their preferences are given by
). B [logct 2 (7t — 7?)2] , 1)
t=0 2

Households have log utility over the consumption good c; which is a composite of trad-

able consumption ¢/ and non-tradable consumption cV, according to a Cobb-Douglass

of oN
o= ()" ()"

where ¢!, ¢N € (0,1) captures the preference for tradables and non-tradables respectively,

aggregator:

with qbf\] =1- tT . In addition, they have a linear disutility from working n; = ntT + ni\]
hours where 1] denotes hours worked in the tradable sector and n¥ denotes aggregate
hours worked in the non-tradable sector. Finally, households are assumed to face a utility
cost of inflation which is quadratic on deviations of inflation 77; = % — 1 from a target 7.
The parameter § € (0,1) represents the discount factor and x > 0 is the disutility from

inflation.

) 6See, for example, Rubbo (2020), Guerrieri, Lorenzoni, Straub and Werning (2021), di Giovanni, Kalemli-
Ozcan, Silva and Yildirim (2022, 2023), and Baqaee and Farhi (2022).
"The notation does not index variables in each country by k to avoid clutter.



We denote by PN and P/ respectively, the price of non-tradables and tradables (in
terms of the domestic currency). Given the assumption on unitary elasticity of substitution

between tradables and non-tradables, the consumer price index P; satisfies

g D E. @
t t

We assume that the law of one price holds for the tradable good; that is for any country

Py =

pair kand j, P} = e;;tP]{, where e{;t is the nominal exchange rate defined as the price of the
country j currency in terms of the domestic currency, and Pﬁ is the price of the tradable

good denominated in term of country j’s currency.

We will assume that in the initial period, wages are sticky at W, and for t > 0, wages
become flexible. In particular, we assume that households are off their labor supply in the
initial period and their hours are determined by firms’ labor demand, as we will see below.

Each period households receive their labor income, Wt(ntT + nf\] ), where ntT + nﬁ\]
denotes the hours they work in each sector. In addition, households collect firms” profits,
¢+, and trade two types of one-period non-state-contingent bonds in credit markets: a real
international bond that pays a constant net return of R units of tradables, and a nominal
domestic bond that pays R; in units of the domestic currency. The budget constraint of the

representative household is therefore given by

b Plb;
Plef 4 PNel & St & ot = Wilnf + niY) + g1 + by + Pb;. ©
t

where b; and b} denote respectively the amount of nominal bond and real bond assumed
in period t — 1 and due in period t. The left-hand side represents total expenditures
in tradable and non-tradable goods and purchases of bonds, while the right-hand side

represents total income, including the returns from bond issuance.

The households’ problem consists of choosing sequences of consumption {c}, c] },_,
asset positions {b,1, b}, }(;O:O’ and hours {nf,n} }20, to maximize the expected present
discounted value of utility (1), subject to (3) and taking as given profits { ¢; }, and prices
{Ws, BY, P, Ry, R 12

The optimality condition with respect to ¢} and ¢ equate the marginal rate of substitu-
tion between the two goods to the relative price. Owing to the homotheticity of preference
and unitary elasticity of substitution, this implies that the ratio of expenditures on tradable

consumption relative to expenditures on non-tradable consumption equals the relative



preference for the two goods:
PreY gl “
Plel ol

For t > 1, households are on their labor supply. Given that disutility of working is

linear in the sum of total hours, optimality implies that

C?[_Wt C?_Wt

_ M . 5
oN PN ol P ©)

Finally, the first-order conditions for the nominal and real bond holdings yield the follow-

ing Euler equation and interest parity condition:

T CPT
P~ prytiet ©)
C Cri1
« pr
Rt - RfPTt/ (7)
t1

The Euler equation (6) equates the marginal cost of purchasing a real bond with its
marginal benefit. Condition (7) is a non-arbitrage condition that relates the return on real
international bonds to the return on nominal domestic bonds and the expected inflation in

the tradable sector.

2.2 Firms

There is a continuum of firms producing tradable goods and non-tradable goods, both of
measure one. Each firm produces the final good using a production function that uses
labor as the sole input. We assume that the production functions have decreasing returns
yN = (h{\])"‘N and y! = (htT)“T. Profits for tradables are given by PT(hT)* — W;h and the
expression for firms’ profits producing non-tradables is analogous. Firms’ optimality

conditions then imply that

PNaN (M) -1 = W, 8)
PTaT(hD)* 1 = W (9)



That is, firms equate the value of the marginal product of labor to the nominal wage in the
two sectors. Notice that by combining these two equations, we obtain that

N oN pT 4T
]/—N:Wt’ f:Wt

and so non-tradables feature higher labor intensity if #¥ > a’ and viceversa.

As we mentioned before, we assume that the nominal wage is fully rigid at date t =0
and that hours are determined by labor demand. That is, given prices, hours in equilibrium

in each sector will be determined at t = 0 by (8) and (9) evaluated at Wy = W.

2.3 Monetary Policy

The policy instrument is the sequence of nominal interest rates {R;}. Because of the
assumption that prices are flexible for t > 0, we assume monetary policy targets inflation
equal to 77 for t > 0. This implies that the nominal rate follows R; = R} (1 + 7@) for t > 0.
For t = 0, we will evaluate the optimal monetary policy, comparing the cooperative and

non-cooperative outcomes.

2.4 Market Clearing Conditions

Market clearing for labor requires the labor demand by firms in each sector equals the
units of labor services that the household sells to each firm n/ = hl and n)¥ = K].
Market clearing for the non-tradable good requires that output be equal to the demand for

non-tradables in each country:
N
e’ = ()" (10)

We assume without loss of generality that the bond denominated in domestic currency

is traded only domestically. Market clearing therefore implies
bt—l—l — 0 (11)

Combining the budget constraints of households, firms, and the central bank, as well
as market clearing conditions, we arrive at the resource constraint for tradables, or the
balance of payment condition:

b*

t+1 (12)

T TyaT *
ci — (hy)" =b; — R;"




which says that the trade balance in each country must be financed with net bond issuances.

Finally, at the world level, real bonds are in zero net supply. Therefore, aggregating
across countries, we have

/ b, .,k = 0. (13)

2.5 Competitive Equilibrium

We now define a competitive equilibrium in the global economy. With full capital mobility,
the real rate must be the same across countries, and the market for the real bond must clear
globally. In addition, we must have that agents in each of the k economies optimize and
markets for non-tradable goods clear in each country. We use the following notation: a
variable of the form {x; } denotes a vector of values, one for each country k. An equilibrium
is then defined as follows.

Definition 1 (Competitive Equilibrium). Given initial positions for each country by,
and a sticky wage W, an equilibrium is a sequence of government policies {R;}$
for each country, world real rate {R} }$°,, and prices {P], PN, W;}?°, and allocations
{ctT, cf\], htT, hf\], biy1,bf, 1 }52 in each country such that

(i) Households optimize, and hence the following conditions hold: (4), (6), (7) for all
t > 0and (5) holds forallt > 1
(ii) Firms optimize, implying (8) and (9) hold for all t > 0;
(iii) The law of one price holds for tradables: P, = e{P];f for any country-pair k and j,

(iv) The market for non-tradables (10) and domestic bonds (11) clears; moreover, the

labor market clears for t > 1.

(v) Globally, the market for the real bond clears: implying (13)

Notice that by combining firms’ optimality condition with households, optimality
condition (4), we arrive at an equation determining the demand for hours in the non-
tradable sector in each country as a function of the price of tradables P/, the nominal wage

W; and the level of tradable consumption ¢/ :

N N

N_ P& proT
S f Ch -
i

On the other hand, equilibrium hours in the tradable sector are independent of consump-

tion of domestic households, a distinction that will play a central role in the analysis.

8



We assume that countries have symmetric initial net foreign asset positions at t = 0,

and so we can restrict the analysis to symmetric competitive equilibrium.

2.6 Efficient Allocation

We conclude the description of the model by presenting the first-best allocation. We
consider a benevolent social planner of the world economy who chooses allocations
subject to a resource constraint. Because preferences are symmetric and all countries are
identical, each country consumes its tradable output that is, there are no movement in the
net foreign asset position of the countries. Using the resource constraint for non-tradables
(10), the planner’s problem can be written as

max Z Y., B [gb(x log(h )—hi}. (14)

W h 1= 0ie{T,N}

The first-best allocation equates the value of one additional employed unit of labor in each

sector to the marginal cost of leisure:

“N N “T T
h;t :1’ 4)t —1. (15)

Given a linear disutility from labor, this implies that hours in each sector are proportional
to the weight of each good in the consumption aggregate. We summarize these results in

the following Lemma:

Lemma 1 (First-best). The first-best allocation features hN = aNpN and hl = aT¢].
Proof. In Appendix A.1 O

It should be clear that the first-best allocation coincides with the allocations in a compet-
itive equilibrium with flexible prices. This can be seen by noting that if the nominal wage
could be adjusted, we would have from households’ labor supply decision, c/¢' = W;/ P
fori € {T, N}, which combined with firms” demand for labor would yield (15).

Output gaps. To describe the policy trade-off that the central banks face, we introduce

a measure of “output gaps”, which are defined as the gap between the current and the



efficient level of employment described in Lemma 1

T
-1, hl = y

*N _
ht:NN TAT
aN ey ot Py

1 (16)
Nominal rigidities will distort these ratios away from one, which would correspond to the
tirst-best allocations. In our case, the assumption that prices are flexible and that labor is
perfectly mobile across sectors, implies that output gaps are equated across sectors.

Lemma 2. In any competitive equilibrium, the output gaps in the two sectors are equated. That is,
the output gaps for tradables and non-tradables are equalized h} = R} = hy.

Proof. In Appendix A.2 O

We note that this result applies to a competitive equilibrium given any monetary policy.
Depending on aggregate conditions and the stance of monetary policy, this could imply a
situation with a positive or negative output gap (i.e., ip > 0 or /iy < 0).

2.7 Experiment

Assume that all countries start at the stationary equilibrium where allocations and relative
prices are constant. At the steady state, allocations are efficient and symmetric, and the
inflation rate coincides with the central bank’s target 77, which we assume to be zero for
simplicity. We consider values for P_; and W such that in the absence of any shocks, the
central bank is able to implement the efficient allocation where all output gaps equal zero.
Without loss of generality we normalize W = 1 which implies

Pq= H (“igbi)fzxiq’)"

ie{T,N}

Moreover, by symmetry we have that ¢! = (hT)"‘T for all countries and R* = 1/p.

We then assume that at t = 0, there is a shock. In particular, we will focus us on an
increase in the demand for non-tradables ¢} and an increase in 7. We see in particular
the former as a way to capture the rebalancing of consumption towards consumption of

services post-Covid and the latter as capturing the tolerance for higher inflation.

10



3 Optimal Policy in a Nash Equilibrium

This section studies non-cooperative monetary policy. We model the non-cooperative game
as a Nash equilibrium where central banks choose their monetary policy to maximize their

own welfare, taking as given monetary policy abroad.

3.1 Optimal Monetary Policy for a Single Country

We first study the individual problem of a central bank that takes as given R* and policies
conducted in other countries. Recall that because prices are flexible for t > 1, we can focus
on a situation where the government implements a flexible price allocation with 7y = 7
forallt > 1.8 Starting from t > 1, the lifetime welfare for a government that starts with
net saving bj is given by the following lemma

Lemma 3. Consider a government that starts with by at t = 1. Then, the value is given by

Vi(b;) = ﬁ {¢"10g [(])*" + (1= B)b;| — 1] + pNa™ [log(a¢™) -1]}  (17)

where hT is uniquely determined by

DCT(PT
hy

by
(h{)*"

=14+ (1-p) (18)

Proof. In Appendix A.3 O

Given that wages are flexible for t > 1, hours worked in each sector are determined by
the equalization of the value of one additional employed unit of labor in that sector to the
marginal cost of leisure. (18) reflects the idea that hours worked in the tradable sector for

t > 1is decreasing in the level of saving at t = 0.

We now turn to the problem at t = 0. The objective of the government is to choose
the domestic nominal interest rate Ry, to maximize the utility flow in period 0 plus the
continuation value (17) characterized above subject to households” budget constraint (3),
optimality conditions (4), (6), (7), firms” optimality conditions (8)-(9) and market clearing
constraints (10)-(12). The key difference relative to the problem for the planner under
coordination is that the individual central bank takes as given Rj and can choose allocations

8Notice there are no time inconsistency issues associated with the optimal monetary policy.
%It is worth noting that the marginal value of hours worked in the non-tradable sector is independent of
the level of external indebtedness due to separability of preferences.

11



that lead to deviate from a zero trade balance (even though in the Nash equilibrium, with

identical countries, the trade balance would be zero).'?

We denote by zp = the trade balance of the country at date 0. Demand imbalances

C
)
are captured by a value of z( different from unity. In particular, a value of z( is above unity
signals an excess demand for tradable goods relative to the domestic supply of tradables,
and the country runs trade deficit. When z rises above unity, the country runs a trade
deficit. Replacing constraints (8)-(10) and (12) in the objective, and using the fact that
given an allocation (7) can be used to back out the policy rate of the central bank, we
arrive to the following problem for the domestic central bank, which consists in choosing

{hé\] , hg ,20, 70 } to maximize

g @ ghlog(hy) 1| — 5 (o — )* +¢f log(z0) + pVa (R (h)* (1 —20))  (19)
ic{T,N

subject to
1 (1*"‘1.)4’6
mo=xo |] i0i> —1 (20)
ic{T,N} (“ $o
ho' = aT% g 20 @)
aT¢g
1 ht 1-aT
o= .BRO( il <H1 (Ry(h)™ (1 - Zo))> (22)
0 0

where HT (R} (hOT)“T(l — z9)) is defined in (18) and xo = [;[(a'¢})) ~ "‘i%/(uci([)i)_“i"’i].

The restriction (20) combines the ratio of CPIs (2) at dates 0 and 1 with (8) and (9) to
relate the dynamics of the aggregate price index and output in both sectors and can be
interpreted as the static Phillips curve. The logic here is as follows: a positive demand shock
for tradables, that pushes upward pressure on the price of tradables, increases tradable
output on the one hand and increases demand for non-tradables via the expenditure
switching channel on the other hand. The latter leads to a rise in the price and then output
in the non-tradable sector.

The restriction (21) emerges from combining household optimal mix for tradable and
non-tradable consumption and the firms’ optimality condition for employment.!! This
condition reflects that the ratio of hours employed in each sector is determined by the

190wing to the possibility of non-zero trade balance, the output gaps need not to be equated across sectors
from the individual central bank’s perspective. However, they are equated in the Nash equilibrium as shown
in Lemma 2.

Hn particular, it uses (4), (8), (9) and (12).

12



relative preference of households for the two goods as well as the labor intensity in each
sector. Absent demand imbalances zy = 1, (21) states that the ratio of hours worked
hlY /h} corresponds to the ratio of hours worked in the efficient allocation (aN¢)) / (aT¢l).
Households finance trade surplus zp < 1 by working relatively more hours in the tradable
sector. When the economy runs a trade deficit zg > 1, households work relatively fewer
hours in the tradable sector. We denote by 7y the multiplier on (21) where here a multiplier
o > 0 would reflect the fact that the central bank perceives that being able to reallocate
hours towards the non-tradable sector would improve welfare (the opposite happens when
1o < 0).12 As we will see, this implementability constraint and the associated multiplier

will play a crucial role in the analysis.

Finally, the central bank is subject to a dynamic implementability constraint associated
with domestic households’ borrowing choices (22). An individual central bank can in
principle use monetary policy to change its net position in the global market for real assets.
By doing so, it affects the amount of tradable resources and thus the optimal mix of hours
worked in the two sectors, as reflected in equation (21). We let o denote the multiplier on
(22) where a multiplier 39 > 0 would reflect the fact that the central bank perceives that
borrowing from abroad would improve welfare. The optimality condition for domestic

demand imbalances zg requires that:

1o — sNpNy (23)
Z0

1 1-aT (1-B)¢g
where 5z = 1+ et o7

multipliers on (21) and (22) have the same sign. In other words, when the central bank

. Remarkably, condition (23) reveals that the Lagrange

would rather reallocate more hours towards non-tradable, it is also the case that it would
like households to borrow more. Using this condition, we arrive at the following optimality

conditions for ) and i,

(I)V“N—l—ﬁ(l—od\]) (14 7o) (7m9 — 7T) + (24)
hé\’ —hé\] X 0 0 7o

1 oTaT T 14NN
Sl =B () (- ) - (1R

= — 25
20 hg hg 20 hg o ( )

Condition (24) equates the marginal utility benefits from raising one more unit of non-
tradable employment and the associated increase in output net of leisure value of time
with the marginal utility costs. The latter is given by the costs of higher inflation, and the

12We present more formally the Lagrangian associated with the global planner problem in Appendix A.4.
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effect on the implementability constraint (21). The inflation cost emerges because raising
employment in the non-tradable sector requires a higher price level to stimulate firms to
hire more workers, a standard Phillips curve relationship. Condition (25) is the analogous
condition for tradable employment. Notice that the last terms in the two conditions have
the opposite sign as increasing ] and 1)’ have the opposite effects on constraint (35).

Combining these conditions we arrive to

Yi(1—a) gy oY 1—aT  1—aN\ [ plalN
Tﬂzw(l—zo—w)(l_w)q)—%] 770:< P e U )( (;lgv 1| (26)

We can infer from this condition that, starting zero net position in the global market zg = 1,

the sign of the multiplier 7y depends on two sufficient statistics: the difference in labor

N _ ,T
Y )

intensity across sectors (« and the sign of the output gap fip. When the two sectors

N = aT, households’ composition of consumption between

are equally labor-intensive «
tradable and non-tradable is socially optimal. An individual central bank does not perceive
any additional benefit from reallocating consumption across sectors.

When the non-tradable sector is more labor intensive than the tradable sector (i.e.,

aN

> a’), an individual central bank internalizes that a reallocation of consumption
from the tradable sector toward the non-tradable sector would help mitigate the recession
and improve social welfare by 7o > 0. Private agents do not internalize this aggregate
demand externality and over-borrow. By the same token, if the non-tradable sector is less
labor-intensive than the tradable sector and there overheating in the labor market, private
agents do not internalize that running a larger trade deficit helps reallocate consumption
away from the tradable sector and improves welfare by 179 < 0; and thus under-borrow.

We summarize these findings in the proposition below.

Proposition 1 (Demand Imbalances). Consider Rjj such that private borrowing implies zg = 1.
Suppose aN > a7, then from the domestic central bank’s perspective, private agents over-borrow
(ie. uo > 0) if and only if hy > 0 and under-borrow (i.e. uy < 0) if and only if hg < 0. The
relationship is reversed when a™ > a™.

Proof. In Appendix A.5 O

As we will see later, in the constrained-efficient allocation in which monetary policy
is chosen under cooperation, the world real rate is such that private borrowing implies
zo = 1. Proposition 1 thus describes the forces at play that lead individual central banks to

deviate from the cooperative solution. In particular, a domestic central bank would find
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it optimal to loosen its monetary policy in an effort to run a trade surplus (zg > 1) and
reallocate of consumption away from the non-tradable sector when the non-tradable good
is more labor intensive N > aT and the labor market is overheated 7y > 0.

3.2 Nash Equilibrium

We saw that an individual central bank has incentives to generate demand imbalances
when the labor intensity differs across sectors. However, by symmetry in any competitive
equilibrium where all central banks are optimizing, there are no capital flows and exchange
rates are constant. Combining (24)-(25) and using zp = 1 in the competitive equilibrium in
the global economy, we arrive to

(I)\]“N_ T _ JTsNyEN]| O TsiN(] i\ i =
1 [h0+(1 M)ho} Y (1 —aT6) (1 — &)l | x (1+ o) (710 — 71) (27)

N
hO i

71 -1
with 6T = 0 and 6N = [1 +(1- aT)%] . This condition reveals how depending
on the nature of the shock, only one of the two scenarios can emerge: either the world
economy is overheating, i1y > 0, and inflation is below target or there is a recession /iy < 0
and inflation is above target. To understand the intuition, consider the possibility that
in a coordinated equilibrium, there is a negative output gap in the tradable sector (and
the non-tradable) and inflation is below the target. In that case, by lowering the nominal
interest rate and allowing for higher prices, the central bank can narrow the output gap
and the inflation gap. By the same token, if is a positive output gap and inflation is above
the target, it would be optimal to raise the policy rate, as this would help lower inflation
and take output closer to the efficient level. It is also clear from these conditions that if
the inflation cost is zero x = 0, central banks can implement the first-best allocation for
any shocks. The following proposition provides a characterization of employment and

inflation in the each country in the competitive (Nash) equilibrium.

Proposition 2. In the Nash equilibrium, employment in each country is uniquely determined by

L1 —aT8) (1 —al)gh
Yi(1— aToh)aigy,

i = R =

X [1 + o ()

| IS

oY) -7, @8
and where the inflation rate of the consumer price index 7vo(h)') satisfies
. -\ T (=)
o () = Ko <1+hé\’) "1 (29)

15



Proof. In Appendix A.6 O

Condition (28) describes the output-inflation tradeoff that central banks face in this
environment. It states that in the Nash equilibrium, central banks trade-offs the goals of
eliminating output gaps and driving inflation back to its steady-state level; and where the
product of the relative weight of inflation costs in welfare x and the slope of the Phillips
curve determines the relative weights given to inflation. The nominal interest rate that

implements the desired level of employment is described in the next lemma.

Lemma 4. In any competitive equilibrium in the global economy, the nominal interest rate set is
uniquely determined by

Ro = 20 (1 4 o) " =" (30)
p
Proof. In Appendix A.7 O

This expression describes a negative relationship between the nominal interest rate Ry
and the output gap . Intuitively, a higher nominal rate lowers the price of tradables by
(7). Faced with a lower price of tradables, firms in the tradable sector reduce production,
while households on the other hand shift demand away from the non-tradable goods
which in turn pushes downward on prices in the non-tradable sector and leads to a fall in

non-tradable output. Output and prices in both sector therefore fall following an interest
hike.

4 Over-tightening or Under-tightening?

Having characterized monetary policy in the Nash equilibrium, we now turn to analyze
the question of whether coordination calls for tighter or looser monetary policy relative to
the Nash equilibrium. We will argue that the source of inefficiency arises from the inability
of individual central banks to internalize the financial channel of international spillovers.

4.1 The Financial Channel of International Spillovers

In a competitive equilibrium in the global economy, individual central banks take as given
the world real rate when setting monetary policy. A question that emerges is, What are
the effects of a change in the world real rate on welfare? Letting V denote the welfare
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of households in a given small open economy, the next proposition characterizes these
effects.

Proposition 3 (Financial Channel of International Spillovers). Consider small changes {dR}
in the world real rate. Starting from a symmetric equilibrium with no demand imbalances, the effect
on households’ welfare in a generic country is given by

dR}
R;

dVo = |aNgy' iy + (1 — a™)pd x(1 + 7o) (o — ) | 8N (31)

Proof. In Appendix A.8 O

The proposition underscores that the effects of changes in the world real rate on welfare
is determined by the output gap and the deviation of the inflation rate from its target.
If both gaps were zero, changes in the world real rate would have no effects on welfare.
Because the country has a zero net position in the global market, a marginal change in
the world real rate does not affect the country’s resource constraint. When these gaps are
different from zero, changes in the world real rate have in general effects on domestic
welfare. In particular, when the economy is overheated, a marginal increase in the world
real rate dRjj > 0 leads households to substitute consumption intertemporally toward the
future. Because /iy > 0 the reduction in demand for both tradables and non-tradables
improves welfare by bringing output closer to the efficient level. On the other hand, the
fall in demand for goods pushes prices down which improves welfare if inflation is above

the target by bringing inflation closer to the target and reduces welfare otherwise.

In the Nash equilibrium, however, the two gaps always have opposite signs (28) and
the net effect of a marginal increase in the world real depends on the difference in labor

intensity across sectors.

Corollary 1. Starting from a Nash equilibrium, the effect of small changes dRj in the world real
rate on households’ welfare in a generic country is given by

1— T&N N T B R*
dVy = (1-a . )$o P__ (N — aT)ig a 0 (32)
Li(1—ald') (1—af) ¢ Ry
Proof. The proof substitutes (28) into (31). O]

Consider that countries are overheating in the Nash equilibrium i > 0, which by
(28) implies a negative inflation gap 9 < 7. Following a marginal increase in the world

real rate, holding constant the price of both tradable and non-tradable goods, the fall
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in the consumption of tradables translate one-to-one into a fall in the demand for non-
tradables bringing output in both sectors closer to the efficient level by the same amount.

In equilibrium, prices fall in both sectors pushing inflation further away from its target.

However, the fall in the price of non-tradables, in constrat to the change in demand for
non-tradables, may be larger or smaller than the fall in the price of tradables depending on
the labor intensity. Because the change in the price is inversely proportional to the labor
intensity, the price of non-tradables fall less than the price of tradables when the former is
more labor intensive aN > aT. As a result, the inflation cost associated with the increase in
the world real rate is lower than the benefits from reducing the output gaps, and therefore
improves welfare. The opposite happens when the tradable good is more labor intensive

as price of non-tradables fall more than the price of tradables.

The corollary below summarizes the effects of a marginal increase in the world rate
on welfare conditional on the two sufficient statistics: the output gap in the competitive

equilibrium and the labor intensity across sectors.

Corollary 2. Suppose aN > aT. A marginal increase in the world real rate increases welfare, i.e.
aAVo/dRj > 0, if and only if there is a positive output gap in the Nash equilibrium. The relationship
is reversed when a* > NV,

Proof. The proof follows directly from Corollary 1. O

The implication of our findings is that, starting from a Nash equilibrium in which labor
markets are overheated and non-tradable goods are more labor intensive than tradables, at
the margin, a collective tightening of monetary policy is welfare-improving in all countries.
To shed light on this result and determine the extent to which countries under-tighten in

this scenario we characterize in the next section the cooperative solution.

4.2 Cooperative Monetary Policy

The cooperative solution is the solution a global planning problem that chooses a sequence
of nominal interest rates, allocations, and prices for each country to maximize total welfare.
Given that all countries are identical, the optimal monetary policy problem can be reduced

to maximizing an arbitrary country’s welfare under financial autarchy.

The global planner chooses a sequence of nominal interest rates, prices, and allocations
to maximize (1) subject to firms” and households” optimality conditions (4) and (8)-(9) and

market clearing constraints for labor and consumption (10)-(12). Notice that because there
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is a single tradable good and countries are identical, we must have that (htT)"‘T = c[. The

problem is thus static.!® Replacing constraints in the objective, we atrive at the following

problem:
max Y |a'¢glog(hy) —hy| — = (mo — 7T) (33)
ho g ic (TN} [ } 2
subject to
I’li (1_“i)¢6
mo=xo |] 1,01. —1 (34)
ie{r, Ny \¥'¢0
N 4N
N_ %P7

One of the key difference between the optimization problem of individual central banks
and the global planner is that the global planner understand that, even though an individ-
ual central bank can in principle change its net position in the global market for real asset,
in any competitive equilibrium in the global economy there is no demand imbalances, i.e.
zo = 1. In particular, the restriction (35) on the optimal mix for tradable and non-tradable
consumption faced by the global planner is analoguous to the one faced by the individual
central bank, with the exception that zy = 1.

We denote by 779 the multiplier on (35) where here again a multiplier 779 > 0 reflects the
fact that the planner perceives that being able to reallocate hours towards the non-tradable
sector would improve welfare and the opposite happens when 779 < 0.* The optimality
conditions with respect to i} and &)’ can be combined to obtain

L—aeh ¢ SLAE —aN) <4,ng _1) )

T AT T N N
al Py o o ho

The difference between the cooperative solution relative to Nash equilibrium follows from
examining (36) with the corresponding optimality condition for individual central banks
(26) absent demand imbalances zyp = 1. When the two sectors are equally labor-intensive

N = 4T, both the global planner and individual central banks in the competitive equilib-

o
rium do not perceive any additional benefit from reallocating consumption across sectors.
Away from this special case, that is for a¥ # a’, the global planner perceives a larger
benefit from reallocating consumption across sectors relative to individual planners. This

difference in the value of reallocating consumption can be intuited from Corollary 1. That

13Recall also that prices are flexible for t > 1.
4We present more formally the Lagrangian associated with the global planner problem in Appendix A.10.
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is, when the labor intensity differs across sectors, the general equilibrium response of the
world real rate to central banks actions has implications for the allocation of consumption

across sectors and welfare that are not internalized by individual central banks.

The next proposition provides a characterization of employment and inflation under

the optimal cooperative monetary policy.

Proposition 4 (Optimal monetary policy under cooperation). Consider the optimal monetary
policy under cooperation. We have that employment is determined by
i N il —al)gh

hg =hy = WX [1 + ”0(%\])} [ﬁo(%\]) - ﬁ] , (37)

where the inflation rate of the consumer price index to(hl) satisfies (29).

Proof. In Appendix A.9 O

The monetary policy target under cooperation (37) shares with its counterpart in the
Nash equilibrium the feature that either the world economy is overheating and inflation is
below target, or there is a global recession and inflation is above target. However, due to
the differences in the perceived benefit from reallocating consumption across sectors, the
global planner put a different relative weight on the two objectives (eliminating output
gaps and driving inflation back to its steady-state level) compared to the one in the Nash
equilibrium (28).

4.3 Comparison of Policy Rates

We now turn to comparing the nominal interest rates in the Nash equilibrium and in the
cooperative equilibrium. In light of Proposition 2, 4 and Lemma 4, we have the following
Proposition.

Proposition 5. Suppose a™N > al. We have under-tightening, i.e. RYE < RSP, if and only if
there is a positive output gap in the Nash equilibrium. The relationship is reversed when a” > aN.

Proof. In Appendix A.11 O

The proposition establishes that under the assumption that ¥ > aT, when economies
are experiencing overheating cooperation calls for higher interest rates. This result can be
intuited from the observation that during overheating countries perceive a benefit from

shifting relatively more consumption (and employment) towards the sector with lower
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labor intensity as this would help bring employment back to its efficient level for the same
inflation. By encouraging domestic households to save more abroad, an individual central
bank can alter aggregate demand for consumption and thus non-tradable employment,
while keeping the same level of tradable output. This implies that, in the competitive
equilibrium, countries will tend to loosen more monetary policy in an attempt to have
a relatively less appreciated currency and generate a trade surplus. At the world level,
however, not all countries can run a trade surplus and a loosened monetary policy brings
more overheating. Under cooperation, countries internalize this general equilibrium effect

and would set higher interest rates.

On the other hand, when economies are experiencing a recession under the assumption

that aN > a7, cooperation calls for lower interest rates, as in Fornaro and Romei (2022).

Ilustration. Figure 1 illustrates the workings of monetary policy in the Nash equilibrium
and under cooperation following a reallocation shock toward non-tradable goods (i.e., ¢
increases). The dashed (NE) and solid (GP) downward-sloping line represents the output-
inflation tradeoff of central banks respectively in the Nash equilibrium (28) and under
cooperation (37). These curves illustrate the optimal output gap given arbitrary levels
of inflation. The upward sloping line (PC) represents the short-run Philips curve, given
by (29). This curve illustrates the level of inflation for arbitrary levels of the output gap.
The monetary policy response in each equilibrium, for given parameters, is represented
by the intersection between the downward sloping curve and the upward sloping curve
corresponding to the output-inflation trade-off in that equilibrium.

The figure illustrates these two curves starting at the steady state (solid lines) and how
they shift in response to a shock (dashed lines). The left panel considers an increase in
cpg)\[ . Notice that when starting at steady state, the curves intersect at (77,0). That is, the
tirst-best allocation is feasible both in the Nash equilibrium and under cooperation.

In response to an increase in ¢}, the Philips curve shifts down. The output-inflation
curves rotates counter-clockwise and intersects the Phillips (PC) curve in the right bottom
of (0,77") where the economy experiences more overheating. In particular, to the intersection
of the curves at point E. Because the non-tradable good is more labor intensive than the
tradable good, the global planner internalizes that a higher world real rate would help
cool down the economy at the expense of a (relative) smaller welfare costs of inflation.
As a result, in the cooperative solution, the global planner would choose higher nominal
interest rate and the intersection of the two solid curves would occur at point G where the
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Figure 1: Policy response in the Nash equilibrium vs under cooperation for aN > aT

(NE) corresponds to the output-inflation tradeoff (28) in the Nash equilibrium. (GP) corresponds to the
output-inflation tradeoff (28) under cooperation. (PC) is the Philips curve and corresponds to (29).

economy experiences less overheating relative to the Nash equilibrium.

4.4 Extension with Imperfect Labor Mobility

Our baseline model assumes perfect labor mobility across sectors. In this section, we
introduce frictions in labor mobility across the two sectors by assuming that aggregate
hours worked is a composite of hours worked in the tradable sector and in the non-tradable

sector according to the following CES aggregator:

= (o) ()] a9

where 17 measures the degree of labor mobility: that is how easy it is for a household to
substitute hours worked in the tradable sector for hours worked in the tradable sector.
When 1 — oo, there is perfect labor mobility and the aggregate hours worked reduce to
ny = n} +n} asin Section 2. For 7 = 0 labor is perfectly immobile across sectors. In order
to simplify the exposition, we adopt the linear-quadratic approach, commonly used in the

New-Keynesian literature (see for example Clarida, Gali and Gertler, 2002 among others).
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Nash equilibrium. We derive the loss function of the policy problem of a single country
from the second-order approximation to households’ utility function (1),

T

. [a% ()" -+ (1) + 3 o - 2+ (£ + 172<+¢0>—1) (zo>2] @)
where 8N is defined in (A.35) with 6N = 6N when n — oo. The loss function (39) represents
the difference between the households” welfare under the efficient allocation (the maximum
welfare achievable) and households” welfare under the current market-determined levels
of consumption and leisure. The first two terms in (39) reflect the inefficient use of labor in
both tradable and non-tradable sectors stemming from nominal rigidities. The third term
is the welfare cost from deviations of inflation from the target, while the last term reflects

welfare losses from demand imbalances.

Because for a given output gap in the tradable sector, a negative demand imbalance
can help reduce the output gap in the non-tradable sector i)Y = il + 2y, a domestic central
bank may wish to exploit a certain degree of demand imbalances to reduce welfare loss
from nominal rigidities. In particular, a trade deficit during recessions can help alleviate
the under-provision of non-tradable goods. From households’ borrowing choices (22), the
equilibrium demand imbalances is determined by,

Zo = —6N [(rS —ry") + szng] , (40)

which says that the domestic country runs a trade deficit when the world real rate falls
below its natural level r;" (that is, the world interest rate would prevail absent nominal
frictions) or when there is an under-provision of the tradable good. Using (40), it is possible
to rewrite the loss function (39) conveniently as

il . N 2 T
L5 [0 a0 =80 i)+ (4 iy ) Gt g (o= 2 )
with 6T = 0 and where the world real rate r; = log(R}) is taken as given by the central
bank. It is worth noting from the loss function (41) that a higher world real rate helps cool
down the economy when the labor market is overheated. During recessions, on the other
hand, a lower world real rate stimulates the economy. Central banks, however, do not
internalize the effects of their decision on the equilibrium world interest rate. The optimal

policy problem of an individual central bank consists in choosing the domestic inflation

15See Appendix B for more details.
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rate and the output gap in the tradable sector {7, i} } to minimize (41) subject to (40) and

the following linearized Phillips curve,'®

o = log(xo) + Y_(1 — a')g | (1 — a8V — 8'(ry — 15" (42)

The optimal policy rule or “target criterion” trades off the goal of closing the output gap

with the goal of driving inflation back to its target, and is given by

A

12(1 —aT )l pfy (g +20) + (4’3 + W)“TZO = - 12(1 —aT6)(1—a)gp X710

Given that in any competitive equilibrium, the global market for real assets clears, i.e

Jo Zoxdk = 0, we arrive at the following target criterion in the Nash equilibrium!”

L1 — aT8) (1 — al)gh

Wl = —¥r,, with¥ = .
° ’ ¥i(1— aT6)alg)]

(43)
Point E in the left panel of Figure 2 represents the output gap and inflation in the Nash
equilibrium assuming that non-tradable goods are more labor intensive a™¥ > aT. At point
E, the solid upward-sloping curve (PC) representing the Phillips curve is tangent to the
indifference curve (IC) and the economy is overheating. Point I in this panel corresponds
to the point where output gaps are closed and inflation is at his target (0, 77). In the right
panel, we plot the linear approximation of the relationship between the domestic nominal
interest rate and the output gap,

ro =1l + [1 —(1- széN)cp(Z)V] (rs —r3") — [(1 - aT(sN)[prgﬂ il (44)

where r6’ is the natural level of the nominal interest rate.

Cooperative equilibrium and undertightening. In contrast to individual central banks,
the global planner internalizes how an increase in the world real rate helps reduce the
loss from nominal rigidities (41) when the labor market is overheated at the expense of a
steeper slope of the Phillips curve (42). Substituting for r§ — " = —aTh! into (41) and

16The linearized Phillips curve (42) combines the log-linearized equations (20) and (22).
7Note that (43) corresponds to the linearized version of the optimal policy target (28) described in
Proposition 2 for 7 — oo.
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Figure 2: Monetary policy: competitive equilibrium vs. cooperation for a¥ > a”
(42), the optimality conditions yield

. N1 aNoN 90 90
hy =—|1— (™ —a")A| ¥y, with A= — - —
4 ) Yialpy Y (1—aiol) (1—af) ¢
net benefit of
an increase in r§

(45)

Therefore, if the non-tradable good is more labor intensive (N > aT) and the labor market
is overheated, the welfare benefit of the reduction in output gaps induced by an increase
in the world interest rate rj outweighs the welfare cost of inflation.'® Because countries
fail to internalize how the increase in r;; alleviates the overheating in the labor market, they

put less weight on closing output gaps and under-tighten, as illustrated in Figure 2.

5 Prudential Undertightening

Until now, we considered an economy that faces a sudden shock that creates an output-
inflation tradeoff at t = 0. We saw in the previous section how this may lead to a situation
of under-tightening relative to the optimal cooperation outcome. In this section, we expand
the environment by assuming that countries are able to perfectly anticipate the shock at
date t = —1. To simplify the notations, we denote variables at date t = —1 without a
subscript, e.g. x = x_;.

18In particular, with a constant return to scale production technology in the non-tradable sector (N = 1) a
marginal increase in 7 raises non-tradable output without incurring any inflation cost as the price of the
non-tradable good fully inherits the nominal wage rigidity.
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Given that the problem of the global planner is static, its optimization problem at date
t = —1 is identical to the optimization problem at date t = 0, (33) (absent shocks). The
optimal monetary policy under cooperation is thus characterized by equations (37) and

(29) in Proposition 4, which absent shocks imply zero output gap and no inflation gap,
h=mn=0. (46)

Therefore, when economies are not currently hit by a global cost-push shock that leads
to a non-trivial output-inflation tradeoff, a global planner would set monetary policy to
replicate flexible wage allocation and close both the output gap and the inflation gap. We
argue that at the prevailing world real rate consistent with the global planner solution,
individual central banks perceive that changes in domestic demand imbalances can help

mitigate the effects of an anticipated global shock, creating an incentive to act prudentially.

Let Vj(b;) denote the value of a central bank that starts with a net asset position b} at
date 0. The central bank at date t = —1 chooses output, inflation, and the degree of demand
imbalances {hT, hN, 7,2} to maximize the utility plus the continuation value Vy(b;) which
solves the date-0 problem (19). The problem of an individual central bank is given by

max Y [wgllog(h) ~ '] + 9" log(z) — 5 (m)? + BV (5)
WIN 2 e (TN 2

subject to
b*
==z (47)
H ( hi )(1_“i)¢i
= — -1 (48)
4
IXN(PN
hN “T¢ThTz (49)
T hT)ocT
T 0

The restriction (47) is the balance of payment identity equation which says that the trade
balance must be financed with net bond issuances. The optimal mix for hours worked in
the tradable and non-tradable sectors has a multiplier 77, and the dynamic implementability
constraint (50) has the multiplier y. Similar to the central bank problem at date 0, 7 > 0
and pu > 0 respectively capture that reallocating hours towards the non-tradable sector

and borrowing from abroad would improve welfare. The central bank’s optimal choice for

26



demand imbalances is given by

T
[+ 1= 0] £ = 0V - (- S 1)

with yg = %ﬁ:—g > 0. Condition (51) states that the central bank would like households
0-0

to borrow less when reallocating more hours towards tradable today improves welfare or
when anticipated shocks would require more borrowing next period. In the latter case,
by encouraging saving in the current period, the central brings more resources to the
future which helps reduce the welfare cost of a future trade deficit. As shown in Section 3,
whether individual central banks have incentives borrow more from the rest of the world
when a global shock hits depends on the output gap in the competitive equilibrium and

the difference in labor intensity. In particular, we have in any competitive equilibrium,

LS G Y Y
N L —aTH) (1 —a)gp

As a result, when the labor intensity differs across the tradable and the non-tradable sectors,
central banks in a competitive equilibrium sets monetary policy to trade-off the cost of
opening up the output and the inflation gaps in the current period with the benefit of

reallocating consumption across sectors next period. The target criterion is given by

B aTE)(1 - )
T Aoy

N iy (1=8N)epeTal hy
X[l—l—n(h )] n(h) = Y1 — aTd)aigl (Pgﬂo (52)

with 85 =6/ [6N+(1—0N) 7] and where 7t(hN) satisfies (29) with kg = 1. Therefore, when
the non-tradable sector is more labor intensive aN > a7, central banks lean with the
wind by loosening monetary policy to engineer a boom today when they anticipate that
an adverse shock will drive the economy into a recession. Central banks under-tighten
relative to the cooperative solution. If the non-tradable sector is more labor intensive and
central banks anticipate that a global shock next period will lead to an overheated labor
market, they over-tighten and drive the economy into an unnecessary recession. These

tindings are summarized in the next Proposition.

Proposition 6. Suppose aN > al. We have under-tightening, i.e. RNE < RO, if and only if
when central banks anticipate a negative output gap in the Nash equilibrium next period. The

relationship is reversed when o™ > aN.
Proof. In Appendix A.13 O
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6 Conclusion

We studied the scope for international monetary cooperation in an environment with
global demand imbalances and ask whether the Nash equilibrium features under- or
over-tightening relative to the optimal cooperative solution. We show that the answer
depends on the sign of the output gap and the difference in labor intensity across sectors.
Under the assumption that labor intensity is higher in the non-tradable sector, cooperation
calls for lower interest rates when the economy is in a recession and for higher interest

rates when the economy is overheating.
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APPENDIX

A Proofs

A.1 Proof of Lemmal

The proof follows directly from rearranging (15). ]

A.2 Proof of Lemma 2
Using (8), (9), and that ¢/ = (htT)“T we obtain

PtN B ,XT(hT)aT—1

P_tT = NNy (A.1)
Combining this with (4)
T,T NN
= . A2
Rearranging and using Lemma 1, we obtain i} = hN. O

A.3 Proof of Lemma 3

Because for t > 1 the economy is in a stationary equilibrium, the continuation value is

V(b]) = 1 [#" og(el) + " logel) — (] + 1) (A3)

and since wages are flexible for ¢t > 1, (5) holds. Combining it with (8) and (9) yields
() = ¢la’ (A4)
forany i € {T, N}. Market clearing for tradables (12) requires
T *
et = ()" +(1-B)bi (A5)
where we use R* = 1/B. Using (10) we arrive at ¢} = hlY = aN¢N. Substituting it into

(A.3) along with (A.5) we arrive at (17). Equation (18) is obtained by plugging (A.4) for
i = T into (A.5). [
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A.4 Single Central Bank Problem

The Lagrangian associated with (19) can be written as follows:

2

:\ (1))
i i i I _
L= ) [Dé ¢p log(hy) — ho} — )2—( ko J] ( i0i> —(1+ )| +¢dlog(zo)
ic{T,N} ie{T,N} \4 ¢
NN TyaT
s Thal (4 Py N 1 () Ty1—aT
+ 5V<R0(h0) (1 ZO)) + 10 —OCTCPg hozo — hy | + po 20 ﬁRO—(qubg (Hq)
with HT = HT <R3(hg)"‘T(1 - zo)> for simplicity. O

A.5 Proof of Proposition 1

The proof follows directly from (23) and (26). Consider R such as zg = 1. Then, combining
(23) and (26) yields

o oIy (A.6)

[Zi(l —ai)(1 —aidi)cpf)] Mo {1 —aT  1—alN

aT ! ON «T  aN
Suppose that aN > aT. Then uy < 0 if and only /g > 0. Suppose that ¥ < «T, Then
uo < 0if and only hy < 0. O
A.6 Proof of Proposition 2
The proof follows directly from (36) and (35). Rearranging (36), we get
Pou’

7T
T hO
0

_TN@ _ ‘P_g T ﬁ _NY(1_aTsN -
1+(1—a'6 )hT hT(l it )+hT (1—a™)(1—a" 67) | x (14710) (719—7)
0 0 0

where we use (16). Then, using (35) we arrive at

(1—ah)pl + (1 —aTsN)(1 —aV)

0 )
Tl + (1 aTeNargy X+ (=)

fio = —

Equation (29) is obtained by plugging directly (21) into (20) with zg = 1. O
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A.7 Proof of Lemma 4

Combining (2) and (4) with market clearing ¢/ = (htT)"‘T and cN = (BN )%, we get

Py (¢7)

T
P (ph)n
T\¢T

N o —p T N
(¢ [ 60" (hg) ¢ (1) P
(M) \ o5 ()™ ¢t () P

Because wages are flexible for t > 1, hl = aT¢T, WY =

stabilizes prices P; = Py for t > 1, we arrive at

T et NN NN
P (ho) ¢t (Mo )

T N T(1—¢T
Fy (h))* Py (aTpT)™ =01

Next, plugging (35) into (A.7) we arrive at

(8 )“‘ o [(W)”‘”’T <aN¢N>“N"’N] O (aTT)

DpT T T NN T T
o\ (Ngh) ™ (aTgT)" 0 | 99

Using market clearing for tradables and plugging hl = aT¢T into (6), we obtain

R = 32wty (1)

Finally, substituting (A.8) and (A.9) into the interest parity condition (7), we get

i i\’

o (aNeN L aTeT) 1 o
Ro = (1+ ho) e %)B{ [T ( (P)M,]
ie{T.N} (aigh)"™*0

where the last equality uses (16).

A.8 Proof of Proposition 3

= aN¢N and monetary policy

(A7)

(A.8)

(A.9)

We substitute (20) and (21) into (19) to express the single central bank problem as follows:

Vo =min |} &) | log(hg) — (XN(PO
e |5 ’ "‘T%

7\ Zi(1-a))e)
_)_C[K ( ¢ ) 2 M — (14 7)

‘Po

0

1+

ho +aN $o log<

2

aTof
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subject to

1 L (hd ol N o7
o = BR (WT RS (1~ )

1—aT

We determine dVj/dR; by applying the envelope theorem to the central bank problem,

A% T dVy(b}) ol —aldHI () 1|1
= 1-— 1-— & — | — Al
Starting from a symmetric equilibrium with zyp = 1, (A.10) reduces to
dV() . Ho
d_RS = R—é. (A.11)
Applying the envelope theorem to changes in zp, we have
Vo _ N N (N Ny 4N = 1 _
d—zo_[(—ho + 4)0)—(1—04 )gbo)((no—n)} +(5—Nﬂ0—0, (A.12)

where we use zp = 1. Substituting (A.12) into (A.11) , we arrive to

AVy = [aNgh 7§ + (1= M) x(1+ 70) (10 — 7| SN2

A.9 Proof of Proposition 4

We combine the optimality conditions for il and k)Y of the global planner problem (33)

NN N
Pp « 1= 4)_0(1 —aN)X(1+7T0)(7TO_ ) + 1o

hy ~hY
TOCT T hN
P 1= Y= a1+ o) (0~ 7) = e
0 0 0

to arrive to

x(1+ 7o) (770 — 7T)

1

N N L
(A5 -1) () = [£a -

we then use (35) to substitute for hé\’ and obtain
798 +aN g | i = — [(1—a")gf + (1 —a™)gp] x (14 7o) (770 — 7)
which corresponds to (37). Equation (29) is obtained by plugging directly (35) into (34). [
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A.10 Global Planner Problem

After substituting the restriction (34) in the objective, the Lagrangian associated with the
global planner problem (33) is given by

+1o

:\ (1-a)eh
o hi
L=y [M(pglog(hf))—hlo]—% |:K() 1 ( .0.) —(1+7%)

ie{T,N} ie (T, N\ X0

(POh h]
4) 0 0

0

A.11 Proof of Proposition 5

Let define

(1—af)pg + (1 —a’d)(1—a)gy T (a' )~

FNE(hO) = hO + DCT(Pg + (1 . “TC)“N%\’ X ; (Dci47i)_“i¢i

=\ Li(1—al)ph Hz’(cpi)(l_“i)% 7\ (1—ad) i _
and
o, (L—a)ef + (1 —aN)gh o (aigf) "4
Fep(ho) = ho + AToT + aNgl XH( i)
r -y | TTi(ph) 1% Yi(1—ai)gl, _
x (1+ho) [FL@P) v (1+ ho) 1+7)| (A14)

Notice that Fyg( fzo) = 0is the implicit function that determines the output gap in the Nash
equilibrium. It combines (28) and (29). Similarly Fgp(fig) = 0 is the one that determines the
output gap under cooperation by combining (37) and (29). We denote by i$? the solution
to Fop(hy) = 0 and fzé\]E the solution to Fyg(fy) = 0. We have that

v N (' — aT) aTpi ¢’
Fop(ho™) = Ene(ho™) + [(1—aT)gg + (1 —aT&)(1 —aN)gy'][aTeg + aNey]

hE (A.15)

Moreover, we have

iy pi )2
(Xi(1—a)gp) X (14 7o) (1 + 2wy — 7T) > 0.

I (5 —

Now, suppose ¥ > aT. If B)'E > 0, then from (A.15) we have that Fgp(i)F) > 0. Further,
because F.p () > 0, it follows that h)YE > h§P. By (30) in Proposition 4, this implies that
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RVE < RS;P. If h)YE < 0, then from (A.15) we have that Fop(h)'F) < 0 and thus h)'E < hgp.
By (30), this implies that R)'’F > R§”. The opposite happens if a7 > a!N. O
A.12 Optimal Policy with Anticipated Shocks

Optimal Policy for a Single Country

We start by rewriting the problem of the central bank in period 0

Vo(bg) = max Y~ aNey'log(hy') — (b +hp') — X (7t — )2 + VA (b])
WON 2 e (TN} 2

subject to
b*
o= (1= z0) (D) + by (A.16)
0
hi (1*“i)¢6
mo=x0 ][ ( i0i> -1 (A.17)
ic{T,N} \ %P0
sz N
hy = “TZ(; hlz (A.18)
0
T
AR IGH) o
- - /3120% ( 1aT1¢; (h]) (A.19)
0

where HI (b7) is defined in (18). The first order condition for zj is given by

Ho — sNnNy (A.20)
Z0

where 79 and y are the Lagrange multipliers associated with (A.18) and (A.19) respectively.
By the envelope theorem, we have

1 oHT
V/ b* — R*vl b* _R* 1—OCT . 1@
§(65) = BRIVI(61) — Ri(1 —a) et e
_90 1 (1 )
_c§+c§ )L (A.21)

where we use (17) and (18).
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We now turn to the problem of the individual central bank at date t = —1. It solves

max ) [(xicpi log (') — hl} + ¢Tlog(z) — &(rc)2 + BVo (by) (A.22)
WEIN 2 e (T Ny 2
subject to
% — -2 (A.23)
()
= — ~1 (A.24)
R4
NN
hN = AToT h'z (A.25)
1 |
—=BR* (W) T A26

We letting # and y denote the Lagrange multipliers associated respectively with (A.25)
and (A.26). Substituting (A.23) into both (A.22) (A.26), and substituting (A.24) into (A.22),
the first-order condition with respect to z yields

T T acl (v N
? ﬁR*(hT)"‘V(bo)—<1—iT ‘)diO))(f)z*?W:O

e I
Plugging (A.21) and using (A.19) we arrive at
T db* R* T
(1 1 ¢ Ho _ 14 -1 Rfe (1 _ 1
6N gbg; Z0 dba Récg; 6N

which corresponds to (51). The first-order conditions for hN and h' are given by

Enin =0 (A.27)

Ny ol 1 Ny N
aToT 1 LN
[hg] h—(f—l = E(l—“T)CPoTX“*'”)”—h—T’?
al by dCI(by) | u alb .
Nash Equilibrium

In the Nash equilibrium, there is no demand imbalance z=zo =1 which implies by = b] =0.
By (A.27) we have [6N +o(1 — 6N)] p=6Nnlin—(1-6V) g—iaN hi'no. Plugging it into (A.29)
0
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and combining (A.28) and (A.29), to eliminate 77 we arrive at
N , N T
hY (1 - aTc56> gt =—Y (1 - ocT(S’O) <1 - ocl) o'x (14 m)m+alsl <1 - 5N> (P—Th{)\];yg
i i Po

where we use po=6Nhll1o from (A.20) and &)= m. O

A.13 Proof of Proposition 6

We denote variables under cooperation and in the Nash equilibrium with superscripts
GP and NE, respectively. Under cooperation, 15" = 0 and by (30) R = % In the Nash

equilibrium, NE = 0 satisfies Fyg(ANF) = 0 with

- - - ~ Yi(1—ah)g} ~ i g
Fne(RNE; ) = WNE + ¥y (1 + hNE> ’ [(1 + ANEYEi (=) 1}

SN(1 — sNYaTopT )
- <zi<(1 - ocT;;cvéigftl)’i)z (& —al)ho (A30)

(1T st EPVAPY/ P NE.7,
with ¥ = Z’g (1“_22 (gil)af;) ? . Further, note that WT’M > 0. Suppose aN > aT.

If fig > 0, then Fyg(0; 1g) > 0. Because Fyg(hNE; ) is increasing in hNE this implies
that 7INE > 0. Using (30) we arrive at Rf)VE < Rgp = ,B_l. If iy < 0, then INE < 0 by
Fne(0;719) < 0 and because oFyg (NE; ) is increasing in ANE. Using (30), this implies
that R)'E > R§P =p~1. O
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B Linear-Quadratic Approximation

B.1 Derivation of the Loss Function

The goal is to write the objective function of the domestic central bank (19) in terms of the
squared output gap, squared inflation, squared terms of trade, and demand imbalance.
The loss function is defined as the gap relative to the efficient outcome Vjy — V"**, where
V¥ is the maximized welfare, defined as welfare when consumption and leisure take on
their efficient values. We start by describing the efficient allocation.

Efficient Allocation. The socially optimal allocation solves

Vv = max Z ﬁ {(p;‘r(xT log(htT) + (PI{\I(XN log(hg\]) [(hT)le (hN)1+ ]Z}

hN KT ¢

The optimality conditions require

I = (th ! )’711 Tl +aNgN | (A31)
hNAb — <sz(/>{\]> T [chgth +aN ﬂ ™ (A.32)

Loss function. We now turn to the second-order approximation of the objective function
of the domestic central bank, given by

L
+1

Vo = gfa log(h) + gd'a™ log (k') — [(n)"+7 + (m) 7]
— 2o — )2+ 9§ log(z0) + V1 (Rs () (1 —z0) ) (A33)

The continuation value V; (derived in Appendix B.2) satisfies

Vi= 115{Vfb+4’ log(z1)
T (A1 1 Yia'¢f alpl 2 —1 n
patgr (Bt LB g (1 A D) )]
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wherez; =14 (1 - B)R;j (iyﬂ (1—zp) and H1(z1) = <“T¢T> O [M + ocN(pN] ™

Hi (z1) gl
A second-order Taylor expanlsion to the welfare (A.33) yields

1 ; ; 1 (ag) (@No0) (71 7n)?
Vo= VI T G o ] g o e (58 )

NJES

_ - .11
(0~ 7 + 0320~ ] |20+ 3 (o] ol

where +o(]|s||?) indicate the 3rd and higher order terms left out, s is a notation for the log
of the shocks, and

1 1—ﬁ¢3{ T( 1 waPN)]
—=1+—=|1- 1——— — || > 1. A.35
N er " 7+ 1L alg! (A3)
Denoting by I. = V® — V the loss function, we arrive at
L= 2 TG o G+ a2 (B L) | ol
2 oN (i)t

O

B.2 Derivation of the Continuation Value

Because for t > 1 the economy is in a stationary equilibrium, the continuation value is

Vi) =1 {‘PT log(c]) + ¢Nlog(el) = [(h])" 7 + ()] } (A.36)

and since wages are flexible for t > 1, we have

1 1
() e ()
Py $1 h Py 1 h

Combining it with (8) and (9) yields
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T
Denoting by z; = (hT) —— the demand imbalance at t = 1, we arrive at
aTpT el aTgT =
hl = ( ) [— +aNpN |, (A.37)
21 21
1
U 7+l
hN = (ocN(p )”“ {“ s + aNgN (A.38)
for any i € {T, N}, where using market clearing for tradables (12), we get
z1=1+(1-p) al (A.39)
1 — (h’{)le :

Substituting (A.37), (A.38) into (A.36) along with market clearing cl¥ = (h}Y )“T and cf =
21 (h{)”‘T, we arrive at (A.34). O

B.3 Linearized Model

For convenience, we present the problem of the central bank here

max V) (hg, hé\[, no,zo)

{hd Y, mo,20}

subject to
hl (1—a')¢hp
70 = Ko H <h1 fb) -1 (A40)
ie{T, N} \'""’
7
N N\ 7+1
N T
1 (e 1
- ﬁRo( O% T (A.42)
0 $o 1 ( 1)

where Vj is given by (A.33) and hTfe and KNP are respectively given by (A.31) and (A.32).

The goal here is to linearize (A.40)-(A.42). For simplicity, we omit the term "o||s||?”

which indicates that 2"¢ order and higher terms are left out when using the 15 order
approximations.

Relative consumption. The first order Taylor expansion of (A.41) is given by

hY = hl + 2 (A.43)
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Aggregate demand. Using ¢! = z; (th)“T, the first order approximation of (A.42) yields

Zo=—(ry —ri") —aThl + 2 +aThT (A.44)

with 7§ =r*+ (1 — 17+1> log [ } +- log {Zl ’44 Then, plugging b} = Rg(hg)“T(l —20)
into (A.39) we obtain, up to a f1rst-order, that (A.37) and (A.39) become

7 1 N(PN

= — [1 ” +1“T(PT+“N¢N] Z1 (A.45)
P

Z1=—(1-B) o Zo (A.46)

Finally, substituting (A.45) and (A.46) we arrive at

o= —6N [(r;; — ") + TR ] . (A.47)

Phillips curve. Linearizing (A.40) around the efficient allocation, we get
o = log (i) + (1 — a™M)pN i) + (1 — aT)pl R (A.48)
Using (A.43) and substituting (A.47) into (A.48), we get

o = log (ko) — (1 — a™)gg"dN (15 — rg") + Y (1 — a"6) (1 — &)} g

B.4 Nominal interest rate

We start by deriving the non-linear relationship between the nominal interest rate and
output gap for a single central bank. Using (2) and (4) and market clearing cN = (hN )"‘N
and ¢/ = (h] )“th, we can express the inflation rate as

AT —¢p AT N
n_ ol (0D 60\ e o
Py T Ny 0 Ny ! pT '
o ¢ (hy') (h') 0
Using P; = Py, and substituting (A.41), (A.37) and (A.38) into (A.49) we get
(a —u )qbo
T
pT 0 T\ 1=t (z )(1—aN)<P3’ {(“04’ ) T hT}
_1T = (Ko)"*T ¢_T ° 7 T\N 1 (T_aN\gN (A.50)
Py Po (21)(1*,7?“ ><P [aZTT N(PN:|1( —aN)¢
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T T
The nominal interest rate is given by the interest parity condition, Ry = RS% where %

0 0
satisfies (A.50). Linearizing this expression yields

ro—rp =15 — 15"+ (a' —a)gp'hy

N sN
+(1—aN)<p3’zo—{1—aT<1— ! s

i +1 NT(PT + DCN(PN

)} oMz (A51)
with ! =r*+ - log (k). Finally, substitutin (A.46) and (A.47) into (A.51), we obtain
0 n+1 g Y g

ro =1y + [1 — (1 —aN5N> (pé\q (rg —ro") — (1 —ocTﬁN) aNpl it
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