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Abstract

How should monetary policy respond to a global liquidity trap, where the two countries may fall
into a liquidity trap simultaneously? Using a two-country New Open Economy Macroeconomics
model, we first characterise optimal monetary policy, and show that the optimal rate of inflation in
one country is affected by whether or not the other country is in a liquidity trap. Next, we examine
how well the optimal monetary policy is approximated by relatively simple monetary policy rules.
The interest-rate rule targeting the producer price index performs very well in this respect.
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1 Introduction

The world financial crisis in the late 2000s has triggered the largest economic downturn since
World War II. To prevent further economic deterioration, most central banks in developed
economies, including the United States, the United Kingdom, and Japan, have reduced their
policy interest rates to unprecedentedly low levels. As a result the zero bound on nominal
interest rates has now become a serious concern that is shared internationally. That is to say,
the world economy is facing a global liquidity trap.

How should monetary policy be conducted in such a situation, if the goal is to maximize
world welfare? We provide four main results. First, the optimal policy with commitment
has two notable features: history dependence and international dependence. Second, inward-
looking inflation targeting rules are a bad policy in the presence of a global liquidity trap.
Third, adoption of a price level targeting rule by even one country has a big and positive
effect on global welfare. Fourth, there are even larger (global) welfare gains associated with
an ex ante agreement among the two countries to use price level targeting rules. The common
theme underlying these results is that in our two-country model, when the zero bound acts
as a constraint it also generates interdependence between the two economies as mentioned in
the first point.

The implications of the zero bound on nominal interest rates have been studied extensively
in closed economy models, such as Reifschneider and Williams (2000), Eggertsson and Wood-
ford (2003), Jung et al. (2005), Kato and Nishiyama (2005), Adam and Billi (2006, 2007),
and Nakov (2008). Optimal monetary policy in two-country models have been studied by
Clarida et al. (2001) and Benigno and Benigno (2003), among others. However, the problem
of optimal monetary policy in a two-country world when both countries may confront the zero
bound has not yet been studied. In a stylized sense, that is the problem the world has faced
over the last few years, and that is the problem our paper addresses.

Our model is a standard New Open Economy Macroeconomics (NOEM) model with pro-
ducer currency pricing and complete international asset markets. Consistent with previous

findings by Clarida et al. (2001) and Benigno and Benigno (2003), in our model, the first best



can be attained if the producer price index (PPI) inflation rate in each country is set to zero
at all times. However, the zero bound on the nominal interest rates might prevent monetary
policy from achieving it.

For the closed economy, Eggertsson and Woodford (2003) describe the condition under
which the economy falls into a liquidity trap using the notion called the “natural rate of
interest,” which is defined as the real interest rate that would prevail in the flexible-price
equilibrium. For the open economy, however, an additional variable, called the “natural rate

”

of change in the terms of trade,” needs to be introduced. It is defined as the rate of change in
the terms of trade in the flexible-price equilibrium. These two rates are used to describe the
condition under which the zero bound binds in each country. Depending on their realizations,
none or one or both countries will be in a liquidity trap.

This paper considers a two-country extension of the model of Eggertsson and Woodford
(2003). The world economy is initially in the non-stochastic steady state with zero inflation.
Then unexpected shocks arrive so that both countries fall into a liquidity trap. When each
country is freed from the liquidity trap is determined stochastically.

We begin by analyzing the optimal monetary policy with commitment that is designed
to maximize the world welfare. In the presence of a global liquidity trap, the optimal policy
has two notable features: history dependence and international dependence. The importance
of the history dependence has been noted in previous studies on the closed economy. The
adverse effect of the liquidity trap can be mitigated if the monetary authority commits to
generate some inflation in the future. Such a mechanism is also at work in a global liquidity
trap.

The international dependence is a new feature. In the open economy, of course, countries
are naturally interrelated through trades in goods and services. As shown by Clarida et al.
(2001), however, if the zero bound conditions never bind, there is no interdependence in the
optimal monetary policy in the sense that it can be implemented by inward looking targeting
rules by each monetary authority. This is because each monetary authority can fully offset

shocks to the other country by adjusting its own nominal interest rate. But a global liquidity



trap brings about a new form of interdependence in the optimal monetary policy. Since the
zero bound limits the extent to which each monetary authority can offset shocks to the other
country, inward-looking rules no longer implement the optimal policy. When the countries
find themselves in a global liquidity trap, a domestic promise of future inflation spills over to
the other country. In addition, the direction in which the optimal rate of inflation is affected
is determined by whether goods produced in the two countries are Edgeworth complements
or substitutes.

The next question is how well, in terms of welfare, the optimal policy can be approxi-
mated by relatively simple monetary policy rules. There are related studies for the closed
economy. For instance, when there is no possibility of a liquidity trap, Schmitt-Grohe and
Uribe (2007) show that the optimal policy is replicated fairly well by the interest-rate rule that
responds only to the inflation rate. Taking the liquidity trap into consideration, Eggertsson
and Woodford (2003) argue that a simple price-level targeting rule performs well.

Given these previous results, we start by comparing two classes of interest-rate rules, one
with inflation targets (ITR) and the other with price-level targets (PLTR).! The ITR is not
a good policy in our model just as Eggertsson and Woodford (2003) argue for the closed
economy. This is because such a policy rule does not allow for history dependence. When
both countries adopt the ITR, its welfare loss relative to the optimal policy is 0.46 percent of
consumption in our numerical example.?

The PLTR, on the other hand, captures history dependence in the optimal policy, and thus
a better policy in the presence of a liquidity trap. Indeed, adopting price level targeting by
even one country improves welfare in both countries and thus global welfare. In our example,
when the home country adopts the PLTR and the foreign country adopts the ITR, the loss
of the world welfare is 0.24 percent of consumption, the welfare loss for the home country is

0.28 percent, and that for the foreign country is 0.20 percent. Even when the other country

'Here, in both ITR and PLTR, the relevant prices are the PPI’s rather than the CPT’s.
2The welfare cost of a given policy rule is measured in a way similar to Schmitt-Grohe and Uribe (2007).
Thus it is given by the fraction of consumption in the equilibrium under the optimal policy that needs to be

reduced in order to equate the world welfare under the optimal policy to that under the policy in consideration.



follows an I'TR policy there are benefits to both countries if the home country uses a rule that
proxies for history dependence.

There are significant additional benefits from cooperation. If both countries agree to follow
the PLTR, the policies are nearly optimal. Moreover, there is no conflict. This is the best
policy for each country individually. In our example, when both countries adopt the PLTR, its
welfare loss relative to the optimal policy is only 0.00042 percent of consumption. Our result
shows that interdependence is an essential feature of the Ramsey policies and implementing
it would require cooperation of monetary authorities on history dependent policies.

Then, the performances of interest-rate rules augmented by the nominal exchange rate
(ITR-FX) are assessed. Such a rule may be beneficial because the nominal exchange rate
might be used to capture history dependence. When the home country adopts the ITR-FX
while the foreign country maintains the ITR, the loss of the world welfare is 0.29 percent of
consumption, the welfare loss for the home country is 0.26 percent, and that for the foreign
country is 0.33 percent. This result is comparable to the case when one of the countries follows
the PLTR and the other country follows the ITR. It shows the benefit of a policy that proxies
for history dependence. As in the case of the PLTR, our result shows that policy cooperation
yields significant benefits. When both countries adopt the ITR-FX, then the welfare loss
reduces to 0.1 percent.

In the previous literature, Coenen and Wieland (2003) and Svensson (2001) suggest a
benefit of depreciating the currency of a country that falls into a liquidity trap. Here, such
a benefit does not exist. Ome reason for this is that the welfare relevant price levels in
our framework are the PPI's rather than the CPI’s.®> Nakajima (2008) studies the optimal
monetary policy in an open-economy model similar to ours, but he restricts attention to the
case where only one country falls into a liquidity trap. Jeanne (2009) studies the role of
monetary and fiscal policy in a global liquidity trap. He, however, assumes that prices are set

one-period in advance. As a result, the liquidity trap does not last more than one period in

30ur assumption of producer currency pricing is crucial for this. As shown by Devereux and Engel (2003),
under local currency pricing, the nominal exchange rate should also be stabilized. Extending our analysis with

local currency pricing is left for future research.



his model. Cook and Devereux (2010) consider a global liquidity trap with staggered price
setting, but they do not study the optimal monetary policy.

The rest of the paper is organized as follows. Section 2 describes our two-country model
and defines the natural rates that are relevant for the global liquidity trap. Section 3 analyzes
the optimal policy problem, emphasizing the history and international dependence as the key
features of the optimal policy. Section 4 considers simple interest-rate rules, and examines
how well they can approximate the optimal policy in the face of a global liquidity trap. Section

5 concludes.

2 The model

The model economy is an open-economy version of the sticky-price model developed by Wood-
ford (2003), and closely related to the ones considered by Clarida et al. (2001), and Benigno
and Benigno (2003).*

The world economy consists of two countries: the home country (H), and the foreign
country (F'). The size of population in country j € {H, F'} is nj, where ng +np = 1. A set
of differentiated products are produced in each country and they are traded between the two
countries. Let IN; denote the set of those products, where Ny = [0, ng], and Ny = (ngy, 1].

Time is discrete and indexed by t. There are no stochastic shocks prior to period 1, and
the world economy is at the non-stochastic steady state with zero inflation in period 0. At
the beginning of period 1, unexpected shocks hit the world economy. Although these shocks
are not expected at all before period 1, all agents immediately understand their stochastic
nature at the beginning of period 1. Thus, period 1 is the initial period in the description of

our economy below.

2.1 Households

A representative household in the home country H has preferences given by

Uss = Br iﬂt‘l {a(ct) _ /N 3[6,(0)] di} , (1)
t= H

ny

4A more detailed description is given in Appendix.
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where 0 < 8 < 1, E; is the conditional expectation operator at time ¢, C} is the consumption
index defined below, ¢(i), i € Np, is the supply of type-i labor, which is used to produce

differentiated product ¢, and % and v have constant elasticity:

1—-0 1
_¢ . ) = ——
1+w

u(C) :

l1—0

where o > 0, and w > 0. The consumption index for the home household, C}, is given by

C e e
o ()" (%)
ng ng

where Cr; and Cg; are the consumption indexes for home and foreign goods consumed by

the home household, respectively. They are defined by

0
-1 . 0—1 . ot .
Cii = [nj 9/ c(i) @ dz] ) j=H,F. (3)
Nj
Here, 6 > 1 and ¢(i) € N; is the home household’s consumption of good i produced in country

j € {H, F}. It is convenient to define the function u(Cy,CF) by

canco=s((5]"2]").

The lifetime utility of a representative household in the foreign country F' takes the same
form as that of the home household:
> 1
Upp=E1) 7" {a(cg‘) - / [0 ()] dz’} . (4)
t=1 "F JNp
The consumption indexes for the foreign household, {C}, C}'{Lt, C}‘;’t}, are similarly defined as
in equations (2) and (3).
Corresponding to the consumption indexes in the home country, Cy, Cj;, j = H, F, the

prices indexes, P;, Pj;, j = H, F, are defined as

1
—0

1
Py=PyliPpy,  Pi= [n. /N pi(i)' dz’] , j=HF,

J J
where p.(i), i € Nj, j € {H, F}, is the price of good i produced in country j quoted in the

home currency. The price indexes in the foreign country, P, P}

"+, J = H,F, are defined

similarly by individual good prices, p; (i), i € N; , j € {H, F'}, quoted in the foreign currency.
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The law of one price is assumed to hold:
pe(1) = &y (i),

for all i € N;, j € {H, F}, where & is the nominal exchange rate, defined as the price of
foreign currency in terms of home currency. It follows that P;; = &Py, j = H,F , and
P =&P;.

Let y(i), i € Ng, and y; (i), ¢ € Np, denote the supply of home and foreign products,

respectively. The corresponding production indexes are defined as

L 0—1 % 1 0—1 %
Vo= g [ )Tl Ve [ [ a7
Ny

and Y; = (YH’t>nH (h)w

nH ng

There exist worldwide complete financial markets. The flow budget constraint for the

home household is
PCy + Et[Qt e 1 Wig1] = Wi + /N [wy (0)€(2) + T (d)] di + T,
H

where @41 is the stochastic discount factor between dates ¢t and t + 1 for nominal payoffs
in the home country, Wi, is the portfolio of one-period state-contingent bonds, wy () is the
date-t nominal wage rate for type i € Ny labor, I1;(7) is the date-t nominal profits from sales
of good ¢ € N, and T} is the nominal lump-sum transfer from the home government. The
flow budget constraint for the foreign household is given analogously.

Under the standard assumption that the representative households of the two countries
are equally wealthy in the initial period, their equilibrium consumption levels are identical for
all ¢:

Cui=Chys=Yuy, Cry = Cpy = Yy, Ci=C{ =Y.

2.2 Aggregate supply

The technology to produce each good is linear in labor:

yi (i) = Aynpgle(i), @€ N, yi (1) = Ainpli (i), i€ N,



where A; and Aj represent country-specific technology shocks. Each product is produced
by a monopolist. For simplicity, the monopoly distortions are, assumed to be completely
eliminated by subsidizing each monopolist’s revenue at the rate n = e—il.

Following Woodford (2003), the “natural rates of output” at each date ¢, Yy, and Y,
are defined as the levels of home and foreign output which would prevail in the flexible-price
equilibrium. Since the monopolistic distortions are absent, the flexible-price equilibrium is
the first best.

Suppose that goods prices are adjusted at random intervals as in Calvo (1983). Let a be
the probability that each good price remains unchanged in each period. This probability is
identical in the two countries. Consider the price adjustment in the home country. Suppose
that the price of good ¢ € Ny can be adjusted at date t. The supplier of that good chooses
p¢(1) to maximize its expected discounted profits:

oo -5t 0] )

ng | Pur

The price adjustment problem for the foreign country is described similarly.
Log-linearizing the first-order conditions for the price adjustment problems yields the New

Keynesian aggregate-supply relations:

THt = YHTHt + YHFNFTF: + BETH 141, (5)
Tht = YHFNHTH + YFTE + BBy .- (6)
Here 7yt =In Pyy — In Py 1 and ﬂ'}’t =In Pﬁt —In P}7t_1 are the inflation rates for goods

produced in the home and foreign countries, respectively: z;; =InY;; —In Y]"t is the output

gap in country j = H,F'; and the coefficients are given by vy = ([1 +w+ (0 — 1)nH],

yar = (o = 1), ¢ = ([1+w+ (0 - Dng], and ( = 15035727



2.3 Welfare approximation

Our welfare criterion is the average lifetime utility of the representative households in the two

countries evaluated in period 1:°
Uwip=npUgp +npUpa,

where Uy 1 and Up, are the lifetime utility levels of the home and foreign households given
by (1) and (4), respectively. Following Woodford (2003), a second-order approximation of the
world welfare around the zero-inflation steady state is obtained as
[e.e]
Uwa ~ —wB1 > B Ly + v, (7)
t=1
where 1y > 0 and v; are constants independent of policy, and L; is a quadratic measure of

the world-welfare loss given by
— 1 / 2 *
L; = 5331;/\% + —(mHe) + —(7p)~
Here, 2y = (xp ¢, vry), and

A YHNH YHFNMHNFE

1
0 YHFNHNE YFNF

Notice that our welfare measure (7) implies that what must be stabilized are the PPI
inflation rates, mp; and 7r}7t, rather than the consumer price index (CPI) inflation rates,
and 7}, where my =In P, —In P,y and 7 = In P — In P ;. That is, it is efficient for price
dispersion to be eliminated within but not across countries. This is consistent with previous

findings by Clarida et al. (2001), and Benigno and Benigno (2003), among others.

2.4 IS equations and the zero lower bound

As demonstrated by Eggertsson and Woodford (2003), a negative shock to the real interest
rate triggers a liquidity trap in the closed economy framework. In our open economy model

with complete markets, the real interest rate is equalized across the two countries. Does that

5A detailed derivation is given in Appendix.
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mean that the two countries get into and out of a liquidity trap simultaneously? The answer
is no. The key is that it is the PPI inflation rates that have to be stabilized, as our welfare
measure (7) indicates.

To see this, let us first consider how the nominal interest rate in each country is related to
its CPI inflation rate, m; and 7. Let i;; be the nominal interest rate in period ¢ in country

j = H,F. The Euler equations imply that
iH,t:rt‘i‘Et(']Tt—&-l), and iF,t :rt“‘Et(W;_l)- (8)

Here r; denotes the real interest rate in period t:

ry=—1In {Et [5%(:(/;)1)]}

where 4. denotes the derivative of the function %. Equations (8) show that if 741 = 77,4,
then ip; = ipy. That is, if it were the CPI inflation rates that must be stabilized, then the
desired nominal interest rates would be identical between the two countries.

To derive the relationship between the PPI inflation rates and the nominal interest rates,

let §;+1 denote the rate of change of the terms of trade of the home country:

041 =1In <PH’H1) —In (PH’t>
* Ppit1 Ppy

It follows that

* *
T4l = TH+1 — NEoer1,  and Ty = Tpyiq + ngde.

It then follows from equations (8) that the relationship between the nominal interest rates

and the PPI inflation rates is given as
igg =1t — npEi(d41) + Ee(THe41), 9)
irt =71t +naB(0i1) + Ee(mr4q)- (10)

Note that i+ and if; are in general different even when 71 = 77;715 41 =0 This clarifies
why the desired nominal interest rates differ across countries as long as the PPI inflation rates

have to be stabilized.
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Now let us define the natural rates for r; and ;1. The natural rate of interest, r*, is the
real interest rate that would prevail in the flexible-price equilibrium, that is,
ac(}/tﬁ-l)
T”:—ln{Et [6~ ,
! tc(Yy")
where Y, is the natural rate of output. To define the natural rate of change in the terms of

trade, notice that in equilibrium

Pay  ug(Yue,Yre)  nm Y

Py ur(Yis, Yri)  nr Y
where uy and up denote the derivative of the function u(Cy,Cp) with respect to Cy and
CF, respectively. Thus it follows that the natural rate of change in the terms of trade of the

home country, 6", 1, is given by

Y7 Yi
0ty =In % —1In # .
Yy Yir

Then equations (9)-(10) can be rewritten as

IHt = Et{ (14 (0 = Vng| (g1 — 2me) + (0 — Dnp(Tre — 2re) + 7TH,t+1} + e (11)

iRt = Et{ [1+ (0 = Dnp](zremt — 2re) + (0 = Dnp (e — ) + wa,m} + g (12)
where T?Lt and r}%t are the composite natural rate shocks defined as
THe =T — nrEi(0f41), and TEy =1+ npEd(0 ).

A competitive equilibrium attains the first best outcome (up to a first-order approxima-
tion) if 7y = wf,it =z = xrt = 0 at all dates and under all contingencies. The IS

relations (11) and (12) imply that the nominal interest rates in such an equilibrium should

7.1

7, for j € {H,F}. It becomes infeasible, however, if the composite natural

satisfy i;; = r

rates, 7%, and r%,, become negative, because of the zero bounds for the nominal interest
b b

rates:

iH,t > O, and Z'F,t > 0. (13)

A country j € {H,F} is in a liquidity trap if the zero bound condition (13) is binding in

country j.
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Let us briefly discuss how the nominal exchange rate should evolve in the first best equi-
librium. As noted before, in the first best equilibrium, the CPI inflation rates are not zero,
and the nominal exchange rate fluctuates in general. Indeed, in the first best equilibrium,
since Py and P, are constant, o is equal to the rate of change in the nominal exchange
rate. In this sense, 0!, ; represents the efficient rate of change in the nominal exchange rate

as long as the zero bound does not bind.

3 Optimal monetary policy

In this section we study the optimal monetary policy that maximizes the world welfare function
(7). In period 0, the world economy is at the non-stochastic steady state with zero inflation,
but stochastic shocks arrive in period 1 so that it is no longer possible to set the PPI inflation
rates equal to zero at all dates. In response to such shocks, the two monetary authorities are
assumed to coordinate with each other and choose their policies with perfect commitment in
period 1 in order to maximize the world welfare. The equilibrium in this case is obtained by
solving the Ramsey problem, that is, by maximizing the world-welfare function (7) subject to
the constraints (5), (6), (11), (12), and (13). This equilibrium is referred to as the Ramsey

equilibrium, and the optimal policy is also called the Ramsey policy.®

3.1 Properties of the optimal policy

Consider first the case in which the zero bound conditions (13) never bind. Then the Ramsey

equilibrium can be implemented by the following targeting rules:

1
THet g (xHt —xH—1) =0, (14)
. 1
TEy =+ 5 (xF,t — xF,t—l) = 0. (15)

These rules are inward looking in the sense that the monetary authority in each country only

needs to look at the PPI inflation rate and the output gap in its own country. Thus, in this

5Qur optimal policy exactly corresponds to the one studied by Eggertsson and Woodford (2003) for the
closed economy. In particular, the initial conditions of the Lagrange multipliers for the Ramsey problem are

set to zero as in Eggertsson and Woodford (2003).
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case, the world welfare is maximized by purely inward-looking policies. This point has been
previously made, for instance, by Clarida et al. (2001). Note that this inward-looking feature
of the optimal monetary policy does not depend on the value of o.

However, the optimal monetary policy can no longer be described by inward-looking rules
if the zero bound conditions bind with a positive probability. Even with the producer cur-
rency pricing, foreign variables must be included in the domestic targeting rule. The degree
of influence from foreign variables is determined by o. Denoting the Lagrange multipliers
associated with inequalities (13) by ¢+ and ¢py, the first order conditions for the Ramsey

problem yield the following targeting rules:

1
THet g (THt — TH1—1) = ZH 1) (16)
1
Ty + 7 (Ft — TRi—1) = 2F s (17)
where zy; and zp; are defined by
2He| _ gy | P (18)
ZF¢t ¢F,t
Here L is the lag operator and Z(L) is given by
e e iy, B0
Z(L)=— (o Vo ot (o Dy (1-L)(1-p7"L)+ g1 L. (19)
((1+w)(wto) (1+w)(wto)

The targeting rules (14)-(15) and (16)-(17) show that when the zero bound binds, its effect
is summarized by the term z; = (2p4, 2F¢). Suppose that country j € {H, F'} is in a liquidity
trap in some period £, so that gzﬁjf > 0. Then it affects z; for three periods: t =¢,{+ 1, + 2,
as shown by equation (19). If ¢ = ¢p = 0 for all ¢, the optimal targeting rules (16)-(17)
reduce to the inward-looking rules (14)-(15).

To understand better the effect of a liquidity trap on the optimal policy, Figure 1 plots
how zy and zp respond to a one-time increase in ¢y for different values of ¢ in equation (18).
Specifically it shows how zp; and zp; vary when ¢g; = 0 for all t # 1 and ¢g;1 = 1 with

¢ry = 0 for all t.” Let us look at the upper panel, which shows how the optimal targeting rule

"The parameter values used to plot the figure are summarized in Table 1.
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for the home country is affected when it falls into a liquidity trap in period 1. In the period
when the zero bound binds, the monetary authority has to allow for deflation and a negative
output gap, so that the targeting rule shifts downward: zp,; < 0. However, such a downward
shift in the targeting rule is alleviated by promising an upward shift in the targeting rule in
the future, zg2 > 0. In other words, a country caught in a liquidity trap can reduce the
damage it sustains if the monetary authority commits itself to generating some inflation and
positive output gaps in the future. This feature of the optimal monetary policy is the history
dependence that is emphasized in previous studies on the closed economy, such as Eggertsson
and Woodford (2003) and Jung et al. (2005).

The possibility of a global liquidity trap adds an additional feature to the optimal policy:
international dependence. Mathematically, such interdependence can be seen by the fact that
either ¢ or ¢y affects both zp; and zp;, as shown in equation (18) provided that o # 1.8
For instance, if the home country is in a liquidity trap in period ¢, then ¢g; > 0; this will
affect not only the home country’s targeting rule (16), but also the foreign country’s rule (17)
through its influence on zp; and zp;. The optimal rate of inflation for each country is affected
by whether or not the other country is caught in a liquidity trap. Economic efficiency is no
longer attained simply by ‘keeping one’s house in order.’

The lower panel of Figure 1 shows how a liquidity trap in the home country affects the
optimal targeting rule for the foreign country. The direction of the effect depends on whether
o is greater or less than unity. This follows from the fact that the source of the international
dependence in our model is the dependence of the marginal utility from consuming the com-
posite good produced in one country on the consumption of the composite good produced in
the other country. When ¢ > 1, for instance, home goods and foreign goods are Edgeworth
substitutes, i.e., ugr = upg < 0. In this case, a change in the output of the composite
good produced in country j € {H, F}, Y;, affects both uy and up in the same direction,

because ugpg < 0 and upp < 0. Thus, a shift of the optimal targeting rule in one country

8Tt is clear from equation (18) that if ¢ = 1, then ¢; only affects z; for each j = H, F. Thus, the targeting
rules (16)-(17) do not exhibit the form of international dependence discussed here. In what follows, whenever

the international dependence of the optimal monetary policy is discussed, it is implicitly assumed that o # 1.
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is transmitted into a shift of the optimal targeting rule in the other country in the same
direction. This can be seen in the figure that ¢p; affects zp; and zp; in the same direction
when o = 2. To the contrary, when ¢ < 1, home goods and foreign goods are Edgeworth
complements: ugr = upg > 0. Thus, a change in Y for j € {H, F} affects ug and up in
opposite directions. As a result, the optimal targeting rule in the two countries shift in the
opposite directions. This is consistent with the figure in the case of o = 0.5.

Another way to understand how monetary policy should be conducted in a global liquidity
trap is to look at the dynamic IS curves (11)-(12) with the zero bound conditions (13). First,
suppose that T%,tg < 0 so that the the home country is in a liquidity trap in period tg:
i, = 0. The optimal policy attempts to relax the degree to which the zero bound binds.
Equation (11) reveals that there are several ways to do this. One way is for the monetary
authority in the home country to commit to future stimulation of the home economy. Such a
commitment makes E; mp 4,41 > 0 and Ey (41 — THt,) > 0. Both of these would offset
at least partially the depressing effect of the liquidity trap in the home country. Additionally,
if the foreign monetary authority also commits to achieve (o — 1)E¢ (zFto+1 — TFyt,) > 0,
then the severity of the liquidity trap in the home country would be weakened further. Thus,
if 0 > 1 (respectively, if o < 1), a future expansion (contraction) of the foreign economy
helps alleviate the severity of the current liquidity trap for the home economy. In this way,
policy commitment by each of the two monetary authorities acts to reduce the welfare loss
associated with the home country’s liquidity trap.

Next consider the IS curve for the foreign country (12) at the date 1 > to, when ;|
turns back to positive. As discussed above, given the home monetary authority’s policy
commitment, the home economy experiences a temporary boom in period t1, xgs > 0,
which implies that Ey, (g ¢,4+1 — 2ms) < 0. From the perspective of the foreign monetary
authority, if ¢ > 1 (¢ < 1), this tends to lower (raise) the right hand side of equation (12).
Thus, for 0 > 1 (for ¢ < 1), the foreign monetary authority tends to lower (raise) ir; when
7y, becomes positive. Notice also that such a response by the foreign monetary authority

tends to raise (lower) gy, when o > 1 (¢ < 1); this is indeed consistent with the foreign
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monetary authority’s commitment to generate (0 — 1)E¢ (zF 4,41 — TF4,) > 0 during periods
when the home country is in the liquidity trap.

Simple intuition on the role of ¢ is obtained from the fact that the optimal policy aims to
stabilize marginal utilities across states. Suppose that the home country is in a liquidity trap
and its output gap is negative. It tends to make the marginal utility from consuming home
goods excessively large. If home and foreign goods are Edgeworth substitutes (o > 1), the
rise in the marginal utility can be mitigated by expanding the production of foreign goods,

and vice versa.

3.2 Numerical example

In order to further analyze the properties of the optimal policy, let us consider a numerical
example, which extends the closed-economy experiment of Eggertsson and Woodford (2003)
to our open-economy model. Table 1 summarizes the parameter values assumed here. In
the initial period ¢ = 0, the world economy is in the non-stochastic steady state with zero
inflation: 7o = W}p =xpo=2r0 =0and igo=1ipo = Tho =Tpo=T"= % Then, in
period ¢t = 1, both r?Ll and 7"%,1 drop unexpectedly to a negative level ™ < 0. The natural
rates evolve according to the following stochastic process: (i) Tiq ="Tpy =1 (i) if riy=r"
in period ¢ in country j € {H, F'}, then

n

" T, with probability p; ;,
r. 1=
Pt ' with probability 1 — p;,

where pj; = p; for 1 <t < S—1and p;; =1 for t > S; (iii) if riy, =T7", then r?, |

1 = 7" with
probability one, for each j € {H, F'} and for all ¢t > 1. Here, S is a large positive integer that
determines the maximal number of periods for which a country’s natural rate may remain
negative.

Let Ty and Tr be the stopping times defined respectively as the last periods in which
rie = r" and ri, = r". For each (7y,7r) € {1,... ,S}2, the probability that (Ty,Tr) =
(te,7r) is (1 — pg)™ *pg (1 — pp)F ~'pp. For a given monetary policy, the equilibrium is
described by a set of stochastic processes {ip ¢, F,t,ﬂH7t,7r}7t,xH7t, TF}i2,, each of which is

adapted to the filtration generated by the stopping times (Tx,7F). The optimal monetary

17



policy chooses this set of stochastic processes so as to solve the Ramsey problem described in
the previous subsection. The details of the numerical algorithm are given in the Appendix.

Figure 2 plots the path of the Ramsey equilibrium corresponding to the realization Ty = 15
and Tr = 10 (that is, where Tt and Ty Yeturn to 7 when ¢ = 16 and ¢t = 11, respectively).
It is clear that the optimal policy exhibits the history dependence discussed in the previous
subsection: for each country j, the nominal interest rate remains set to zero for a while even
after its natural rate becomes positive, and both the inflation rate and the output gap are
positive in the period when its natural rate changes from r” to 7".

Furthermore, the international dependence of the optimal policy can also be clearly seen.
For instance, look at what happens to the foreign country’s nominal interest rate ir; after the
home country’s natural rate returns to 7" (i.e., t = 16,17). The home country’s output gap
increases temporarily in period 16, as a result of which its expected growth rate from ¢ to t+1
is negative for t = 16, 17. Given that our example has ¢ = 2, the negative growth of the home
output gap tends to lower the right hand side of (12). This is why the foreign nominal interest
rate if; declines for the periods ¢ = 16,17. Analogously, the negative expected growth rate
implied by the foreign output gap in the period when the foreign natural rate returns to 7"
(t = 11) acts as a negative shock to (11). In that period, however, the home country is still
caught in a liquidity trap and the home nominal interest rate cannot be lowered further. As
a result, its effect appears as a decline in the home output gap in period 11. Yet another
form of the international dependence appears in the term Ei(xp¢41 — 2F;) in equation (11)
for periods t < Ty. When r%’t returns to 7" in period 11, the foreign output gap rises at
first, and then declines for a few periods (¢t = 12,13). After this, the foreign output gap starts
to increase gradually (for ¢t = 14,15,16). Although quantitatively small, this behavior of the
foreign output gap for ¢t = 14,15,16 is enough to yield Ei(xpi+1 — ;) > 0 during those
periods, which helps to alleviate the severity of the liquidity trap that the home country is

caught in.”

9See the working paper version (Fujiwara et al., 2011) for more detailed analysis on the properties of the

optimal policy.
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4 Simple monetary policy rules

In this section we examine the extent to which the optimal monetary policy is approximated
by simple monetary policy rules.'® It turns out that the interest-rate rule with price-level
targets is quite successful in approximating the Ramsey equilibrium in terms of the welfare.

Our measure of the welfare costs associated with a suboptimal policy is similar to the one
used by Schmitt-Grohe and Uribe (2007). Let Uy, be the world welfare associated with the
optimal monetary policy discussed in the previous section:

Uy, = E1 zﬁt—l {a(y;) - /NH B[00 (i) di _/

it oG] i}

Np

where Y,°, £¢, and ¢;° denote output and labor supplies under the optimal policy. Consider
an alternative policy regime, denoted by a. The world welfare corresponding to it is given as

U%,1=E1§Bt‘1 {a(Yﬁ)—/N 502 (3)] dz’—/

H N

o[y ()] di} .
The welfare cost of adopting the suboptimal policy regime a is given by xyw, which solves

Uy = fjﬁ {0 -1 - [ stegndi= [ i) i},

Np
That is, xw is the fraction of consumption that has to be given up in the Ramsey equilibrium
in order to make the world welfare identical between the two policy regimes. In this sense, it
measures the welfare loss associated with the suboptimal policy a in consumption units.

It is sometimes of interest to examine the welfare in each country separately. For instance,
let U%,; denote the welfare in the home country associated with the policy regime p = {o, a}:

= 1
Uha=m Y a0 - [ aleai).
7 =1 nH JNg

The welfare cost of adopting policy a is measured by x g which solves

Ufy = B ijﬁ fala -1 - = [ R0 ).

nH

0Related questions for the closed economy have been addressed by Schmitt-Grohe and Uribe (2007), and
Eggertsson and Woodford (2003), among others.
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Notice that xg can be negative, because our optimal policy is the one that maximizes the
world welfare Uyy,;; and not the welfare of individual countries, Ug,1 or Up,;1. The welfare cost
for the foreign country, xr, is defined analogously.

The second-order approximation is applied to compute xw, xg, and xr, the details of

which are described in the Appendix.

4.1 Basic rules

We start with the following two classes of interest rate rules: the interest-rate rule with

inflation targets (ITR):

tHt = On (THt — THE) + QoTHr + T,

(20)
ZF,t = Or (W}(T,t - W*Et) + ¢xxF,t + ?n;
and with price-level targets (PLTR):
Ht = ¢p (hl Py — IH?H,t) + Gy +T,
(21)

iRy = by (m P, — lnf}7t> + bprpy + T
In what follows the target inflation rates in the interest-rate rules (20) are zero: Ty =T, =
0; and that the target price levels in the interest-rate rules (21) are the date-0 price levels:
fHJ = Py and F}J = PEO. Due to the zero bound on nominal interest rates, the actual

rates set by the monetary authorities are
ims = max{ipg,, 0}, and irs = max{ipy, 0}.

Given that the exogenous shocks, r?ﬁ and r%’t, follow the stochastic process described
in the previous section, the expected world welfare (7) evaluated in period 1 are compared
under alternative policy rules. For the interest-rate rules (20)-(21), the range of the policy
parameter examined here is 1.1 < ¢, < 5,0 < ¢, <5, and 1.1 < ¢, < 5.11 Furthermore,
this parameter space is discretized with a grid size of 0.25, when searching for the optimal

parameter configuration.

1This restriction guarantees the local determinacy. As is well known, however, there remains a problem of

global indeterminacy. On this issue, see, for instance, Benhabib et al. (2001).
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Table 2 shows the welfare costs of adopting different policy rules under the benchmark
parameter values given in Table 1. For each policy rule, the policy parameters (such as ¢,
¢p, and ¢,) are chosen so as to maximize the world welfare within the given parameter space.

The first row of Table 2 shows the result of the case when both countries adopt the best
ITR with ¢, = 5 and ¢, = 0.5. The best ITR places a positive weight on the output gap. This
is in contrast with what Schmitt-Grohe and Uribe (2007) find for the closed economy without
a liquidity trap. Our result here suggests that liquidity traps might provide a justification
that the nominal interest rate should respond to the output gap. Under this rule, the welfare
cost is 0.46 percent of consumption in the Ramsey equilibrium.

Now suppose that the home country uses the PLTR while the foreign country adopts the
ITR. The second row of the table shows that the best policy parameter configuration for this
case is given by (¢, ¢,) = (5,0) for the home country, and (¢r, ) = (5,0) for the foreign
country. The welfare costs in terms of the world, home, and foreign welfare are 0.24, 0.28, and
0.20 percent of consumption in the Ramsey equilibrium, respectively. Adopting the PLTR by
even one country improves welfare in both countries and thus global welfare. The difference
between the ITR and the PLTR is that the ITR rule does not provide any history dependence,
a key element in mitigating the severity of a liquidity trap. In contrast, with the PLTR, the
nominal interest rate in each country is gradually adjusted to its steady-state level after
the natural rate shocks are gone. This enables the PLTR to generate history dependence.
Our result demonstrates that the claim made by Eggertsson and Woodford (2003) for the
closed economy can be extended to the open economy. Moreover, in the open economy, the
advantage of the PLTR is so large that adopting the PLTR in one country improves welfare
in both countries.

Notice that the welfare cost for the home country is greater than that for the foreign
country: xm > xr. Since the foreign country uses the ITR, it suffers from a large drop in
the output gap during the liquidity trap. Thanks to the complete asset markets, however,
households in both countries decrease the amount of consumption of foreign goods by the

same amount, which equally lowers the welfare of the two countries. On the other hand, the
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negative output gap in the foreign country reduces the labor supply there, which lowers the
disutility of labor supply in the foreign country. This partially offsets the negative effect of
the decrease in consumption of foreign goods for the foreign household. This is why xz can be
lower than x . This point is indeed closely related to the fact that a country has an incentive
to adopt a deflationary policy in the open economy, as discussed, for instance, by Corsetti
and Pesenti (2001).

The third row of the table shows that there are significant additional benefits from policy
cooperation. It corresponds to the case where both countries adopt the PLTR with ¢, = 5
and ¢, = 0. The welfare cost of adopting this simple policy rule relative to the optimal one is
only 0.00042 percent of consumption. If both countries agree to follow the PLTR, the policies
are nearly optimal for both countries. Thus, the advantage of policy cooperation during a
global liquidity trap can be very large. This is because interdependence is an essential feature
of the Ramsey policies and implementing it would require cooperation of monetary authorities

on history dependent policies.

4.2 Exchange rates

We next examine if augmenting the policy rules (20)-(21) with the nominal exchange rate
improves the welfare. From the household’s first-order conditions it follows that the nominal
exchange rate & satisfies

Pyingp Yuy
g = HLnE

Prynu Yrg )
Let &' denote the nominal exchange rate in period ¢ that would prevail if the first best

equilibrium were attained:

Pynp Y,
ji .
PF ng Yl?',t

& =

Then let € denote the exchange rate gap, i.e., ¢ =In&; — In&*. Notice that
€ = (ln Pry — lnﬁH) — (ln Ppy — ln?*F> + Tt — TRy (22)

This equation illustrates why responding to the nominal exchange rate can be beneficial. It

shows that the nominal exchange rate is related to the PPI price levels, Py and Pﬁt. Thus,
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letting the interest rate respond to the exchange rate is an indirect way of letting it respond
to the price levels.

Given this, let us modify the policy rules (20)-(21) as

it = O (THt — THE) + QeTHE + Qeatr + T,
(23)
ZF,t = ¢n (ﬂ—;‘ﬂf - ﬁ*Rt) + ¢me,t — Gextt +T;

and
it =¢p (I Py — I Ppy) + ¢upys + Geaer + 77,
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in = by (m P, — 1n?}7t) + batrs — Peger + T 2
These policy rules are referred to as the ITR-FX and PLTR-FX, respectively. Here the range
of the paprameter examined is ¢, € [0,5] with a grid size of 0.25.

The welfare costs associated with these rules are reported in the fourth to sixth rows of
Table 2. The policy parameter for each rule is again chosen to maximize the world welfare
within the given parameter space. When the home country adopts the ITR-FX while the
foreign country keeps the ITR, the welfare losses are 0.29 percent of consumption in the
world, 0.26 percent in the home country, and 0.33 percent in the foreign country. Just as in
the case with the PLTR, additional benefits are obtained if both countries cooperate to use
the ITR-FX. The fifth row of the table shows that the welfare loss in this case falls to 0.1
percent of consumption. Finally, the last row of the table illustrates that as long as the PLTR
are adopted by the two countries, there are no gains from letting the nominal interest rates
respond to the nominal exchange rate: the best value of ¢, is zero in this case. This is in line
with the previous discussion that the main advantage of making the interest rate respond to
the exchange rate comes from the fact that it proxies for the price levels and thus for history

dependence.

4.3 Sensitivity analysis

Table 3 provides some sensitivity analysis. It reports how the welfare costs of the inflation
targeting and the price-level targeting rules vary for different values of p;, o, and (ng,np).
As before, for each parameter configuration, the policy parameters, ¢, ¢p, ¢., are chosen to

maximize the world welfare.
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The parameter p; denotes the probability that the natural rate shock 77, returns to the
normal level 7 for country j € {H, F'}. Panel (a) of the table shows how the welfare costs
of the two policy rules are affected by reducing p; for both countries. Since lowering this
probability makes the liquidity trap a more prolonged event on average, the welfare losses of
suboptimal policy rules are expected to be greater, which is confirmed by the table. What is
notable here is that the advantage of the price-level targeting rule over the inflation targeting
rule becomes greater: compared to the benchmark case, the welfare cost of the inflation
targeting rule increases from 0.46 percent to 1.76 percent, while that of the price-level targeting
rule rises from 0.00042 percent to only 0.00048 percent.

Panel (b) shows the sensitivity analysis with respect to o, the degree of risk aversion.
When it is lowered from 2 to 0.5, the welfare losses of both policy rules become greater. Now
the welfare cost of the inflation targeting rule becomes as much as 2 percent of consumption,
while that of the price-level targeting rule remains small, 0.00097 percent.

Lastly, the effects of the country size on the welfare costs are examined. Panel (c) reports
the case when the home country is twice as big as the foreign country, ng = % and np = % It
illustrates that a smaller country suffers more from a suboptimal policy. But quantitatively
the difference appears to be not very large.

Overall, the analysis here confirms the robustness of our basic result: the price-level
targeting rule is a very good policy regime in face of a global liquidity trap. Its welfare cost

is minimal when compared to that of the inflation targeting rule.!?

5 Concluding Remarks

How should monetary policy respond to a global liquidity trap? Compared to the closed

economy case, a notable feature of the optimal policy in the presence of a global liquidity trap

121 this paper the natural rate shocks rf, and v, are independent. It would be interesting to see what
happens if this assumption is relaxed. Note that if they were perfectly correlated, then our model would
effectively reduce to the closed economy model of Eggertsson and Woodford (2003), where the desirability
of the price-level targeting rule has already been confirmed. The case where the two shocks are imperfectly
correlated would be somewhere between these two cases. For this reason, we conjecture that our basic result

would also be robust against this extension.
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is its international dependence. The optimal rate of inflation for each country is affected by
whether or not the other country is in a liquidity trap. We also find that the optimal policy is
approximated well when each country coordinates to adopt an interest-rate rule that targets
its own producer price index.

The model considered in this paper is of course very stylized, and the robustness of our
findings needs to be tested under alternative assumptions. For instance, strategic interactions
between monetary authorities in different countries are abstracted. An interesting venue for
future research is to allow them to choose their policy in a non-cooperative way. Another
extension of potential interest would be to consider how the results would be affected if local
currency pricing is adopted rather than producer currency pricing. It may also be interesting
to augment the model with a debt-deflation mechanism, which will make deflation a more

serious event. These extensions are left for future research.
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Response of z, to fH

Figure 1: Response of zpand zp to a one-time increase in ¢y for different values of o. The

upper panel shows the dynamics of zi and the lower panel shows the dynamics of zp .
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Figure 2: The optimal paths of iy, ip, 7y, 75, vH, and xp when Ty = 15 and Tr = 10.
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Table 1: Parameter values

Parameters Values Explanation

B 0.99 Subjective discount factor

D) 0.2 Prob(r?, 4 =7"r7, =1r"), for j = H, F.
2 Inverse of the intertemporal elasticity of substitution
7.88 Elasticity of substitution among differentiated goods

w 0.47 Elasticity of the disutility of labor supply

n; 0.5 Size of country j € {H, F'}

« 0.66 Probability of no price adjustment

" -0.02/4 Negative natural rate shock

S 50 Maximal length of periods with r} = r"

30



Table 2: Welfare costs of alternative policy rules: Benchmark parameters

Rules Policy parameters Welfare costs (%)
ITR in both countries Or =5, ¢z = 0.5 0.46

PLTR in the home country Op=25,¢,=0 world: 0.24

and ITR in the foreign country and ¢, =5, ¢, =0 home: 0.28

foreign: 0.20
PLTR in both countries Op =05, ¢, =0 0.00042
ITR-FX in the home country Or =5, ¢y = 1.5, ey = 0.25 world: 0.29
and ITR in the foreign country and ¢, =5, ¢, =0 home: 0.26

foreign: 0.33

ITR-FX in both countries br =5, by = 0.5, ey = 0.25 0.10

PLTR-FX in both countries Gp =5, ¢z =0, dpeg =0 0.00042

Note: ITR denotes the interest-rate rule with inflation targets. PLTR denotes the interest-rate
rule with price-level targets. For each policy rule, the policy parameters such as ¢, ¢,, ¢, and

e are chosen to maximize the world welfare.

31



Table 3: Welfare costs of policy rules: Sensitivity analysis

(a) pj =0.18 for j € {H, F'}

Rules Policy parameters Welfare costs (%)

ITR br =5, by = 0.75 1.76

PLTR ¢p =5, ¢z =0, 0.00048

(b) 0 =0.5

Rules Policy parameters Welfare costs (%)

ITR b =11, by =5 2.05

PLTR Op =25, ¢ =0, 0.00097

(c) nHzganan:%
Rules Policy parameters Welfare costs (%)
ITR ¢r =5, o = 0.5 world: 0.45
home: 0.42, foreign: 0.49

PLTR $p =5, ¢y =0, world: 0.00041

home: 0.00027, foreign: 0.00069

Note: ITR denotes the interest-rate rule with inflation targets. PLTR denotes the interest-rate

rule with price-level targets. For each policy rule, the policy parameters such as ¢, ¢,, and ¢,

are chosen to maximize the world welfare.
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