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Abstract

We revisit Obstfeld and Rogoff’s (1995) results on exchange rate dynamics in a two-country,
monetary model with incomplete asset markets, stationary net foreign assets, and endogenous
monetary policy. The nominal exchange rate exhibits a unit root. Under flexible prices, it also
depends on the stock of real net foreign assets. With sticky prices, the exchange rate depends on
the past GDP differential, along with net foreign assets. Endogenous monetary policy and asset
dynamics have consequences for exchange rate overshooting. A persistent relative productivity
shock results in delayed overshooting under both flexible and sticky prices. A persistent relative
interest rate shock generates undershooting under flexible prices.
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1 Introduction

Maurice Obstfeld and Kenneth Rogoff’s (1995) “Exchange Rate Dynamics Redux” was originally
written to put forth a model of exchange rate determination with an explicit role for current

account imbalances.! The non-stationarity of the model led most of the subsequent literature in
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!See also Obstfeld and Rogoff (1996, Ch. 10).



the so-called “new open economy macroeconomics” to develop in different directions and “forget”
the insights of the model on the dynamic relation between the exchange rate and net foreign asset
accumulation by de-emphasizing the role of the latter.?

Figure 1 shows two well known stylized facts: the persistent and growing U.S. current account
deficit over the 1990s and the likewise persistent appreciation of the dollar.? It is a commonly held
view that the advent of the “new economy” has been the most significant exogenous shock to affect
the position of the U.S. economy relative to the rest of the world in recent years. We can interpret
this shock as a (persistent) favorable relative productivity shock. A story that one could tell about
the stylized facts in Figure 1 is that the shock caused the U.S. to borrow from the rest of the world
and the capital inflow generated exchange rate appreciation. This story could be reconciled with
models of exchange rate determination developed in the 1970s and early 1980s.* If the shock is
taken as permanent, the story can also be reconciled with Obstfeld and Rogoff’s original model.
Nevertheless, the argument cannot be reconciled with the overwhelming majority of new generation
models that followed.

In this paper, we go back to the original intent of Obstfeld and Rogoff’s work and develop a
two-country model of exchange rate determination in which stationary net foreign asset dynamics
play an explicit role.” We deal with indeterminacy of the steady state and non-stationarity of the
original incomplete markets setup by adopting the overlapping generations framework illustrated
in Ghironi (2000). If exogenous shocks are stationary, the departure from Ricardian equivalence
generated by the birth of new households with no assets in all periods is sufficient to ensure existence
of a determinate steady state and stationarity of real variables. Unexpected temporary shocks cause
countries to run current account imbalances, which are re-absorbed over time as the world economy
returns to the original steady state.’

Differently from Obstfeld and Rogoff (1995) (and in line with the more recent literature on

2This is achieved either by assuming unitary intratemporal elasticity of substitution between domestic and foreign
goods in consumption as in Corsetti and Pesenti (2001) or by combining the assumptions of complete markets and
power utility. (Tille, 2000, provides a clear exposition of the consequences of complete markets.) Kollmann (2001)
is a recent exception to the trend, although he uses a non-stationary model. For a survey of the literature, see Lane
(2001).

3Source: National Accounts and Federal Reserve, respectively. Effective dollar rate: Broad exchange rate weighted
average.

1 Among others, examples are Dornbusch and Fischer (1980) and Branson and Henderson (1985).

"Hau and Rey (2001) explore the relation between capital flows and the exchange rate in a continuous-time model,
focusing on the information content of different financial assets.

SP. Benigno (2001) achieves stationarity in an incomplete markets, open economy model by introducing costs
of bond holdings (see also Schmitt-Grohé and Uribe, 2001). Mendoza (1991) deals with the stationarity issue by
assuming an endogenous discount factor as in Uzawa (1968). Ghironi (2000) discusses these and other approaches
to the issue. Net foreign asset dynamics do not hinge on assumptions about a bond holding cost function or a
non-standard discount factor in our model. Each individual household in the economy behaves as the representative
agent of the original Obstfeld-Rogoff setup. Aggregate per capita assets are stationary, individual household’s are
not.



monetary policy), we allow for endogenous monetary policy in the form of interest rate reaction
functions for the two countries. We consider familiar interest setting rules as in Taylor (1993).
Interest rates react to the deviations of CPI inflation and GDP from their steady-state levels. They
are also subject to exogenous shocks to allow for the possibility of exogenous changes in monetary
policy.”

We solve the model with the method of undetermined coefficients illustrated in Campbell
(1994). We rely on Uhlig’s (1999) implementation of the method when solving the model numer-
ically. The method has the advantage of delivering a process equation for the exchange rate with
straightforward quantitative and empirical implications.

We are able to solve a benchmark model with purchasing power parity and flexible prices
analytically. The solution for the nominal exchange rate exhibits a unit root, consistent with the
empirical findings of Meese and Rogoff (1983). However, today’s exchange rate also depends on the
stock of real net foreign assets accumulated in the previous period. Thus, the model implies that
asset holdings help predict the nominal exchange rate. (We discuss the conditions under which a
decrease in asset holdings—a current account deficit/capital inflow—generates an appreciation of the
domestic currency.) The response of the exchange rate to shocks is more different from that of a
simple random walk the slower the convergence of net foreign assets to the steady state and the
higher the degree of substitutability between domestic and foreign goods in consumption.

The exchange rate overshoots its new long-run level following a temporary (relative) produc-
tivity shock. If the shock is persistent, endogenous monetary policy and asset dynamics generate
delayed overshooting. Endogenous monetary policy is responsible for exchange rate undershooting
after persistent (relative) interest rate shocks. (“Persistent” does not mean “permanent” through-
out the paper. When we consider permanent shocks, we say so explicitly.)

Next, we analyze exchange rate and asset dynamics in a sticky-price world. We introduce
price stickiness by assuming that it is costly to change output prices over time as in Rotemberg
(1982). It is harder to solve the model analytically in this case. We investigate the effect of
nominal and real shocks using a plausible calibration of the model. When prices are sticky, the
exchange rate still exhibits a unit root under the Taylor rule.® The current level of the exchange
rate depends on the past GDP differential, along with net foreign assets. Temporary shocks to
relative productivity result in delayed overshooting. So do persistent shocks. Temporary relative
interest rate shocks cause immediate overshooting. No overshooting may happen when interest rate
shocks are persistent.

Our results on exchange rate overshooting contrast with Obstfeld and Rogoff’s (1995), who

"Benigno and Benigno (2001) study the consequences of endogenous interest setting for exchange rate dynamics
in a sticky-price model with no net foreign asset accumulation.
8Benigno and Benigno (2001) first obtained this result. See also Monacelli (2001).



obtain no overshooting following monetary and/or productivity shocks in their benchmark setup.
We show that price stickiness is not necessary to generate overshooting once asset dynamics and
endogenous monetary policy are accounted for. This brings a new perspective to bear on a topic
that has been at the center of theoretical and empirical research on exchange rates since Dornbusch’s
(1976) seminal paper. Our model has the potential for reconciling the evidence in favor of delayed
overshooting in Clarida and Gali (1994) and Eichenbaum and Evans (1995) with rational behavior
and uncovered interest parity.

As far as the empirical performance is concerned, we show that the simple model of this
paper delivers exchange rate appreciation following a favorable shock to relative productivity in
an environment in which monetary policy obeys the Taylor principle. However, the model does
not generate accumulation of net foreign debt following the shock, unless the latter is permanent
and prices are sticky. The reason is that consumption smoothing is the only motive for asset
accumulation in the model. If the relative productivity shock is permanent and prices are sticky,
the new long-run level of domestic GDP relative to foreign is above the short-run differential, which
causes domestic agents to borrow from abroad to smooth consumption. The stock-market value of
the home economy rises permanently above its foreign counterpart.? It remains to be seen whether
the advent of the “new economy” has shifted U.S. productivity permanently above foreign. If one
believes that the shock has been persistent, but not permanent, the model can explain only part of
the dynamics in Figure 1. Inclusion of capital accumulation and investment appears a promising
way of completing the theory.

On more rigorous grounds, the model yields a set of straightforward empirically testable im-
plications for exchange rate dynamics. Econometric work on these implications will be necessary
if we hope to overturn Meese and Rogoff’s (1983) dismal conclusions.

The rest of the paper is organized as follows. Section 2 presents the model. Section 3 illustrates
the log-linear equations that determine exchange rate and asset dynamics. Section 4 discusses the
relation between net foreign assets and the exchange rate under flexible prices. Section 5 extends

the analysis to the case of sticky prices. Section 6 concludes.

2 The Model

The model is a monetary version of the setup in Ghironi (2000). The world consists of two countries,
home and foreign. In each period ¢, the world economy is populated by a continuum of infinitely
lived households between 0 and NtW. Each household consumes, supplies labor, and holds financial

assets. As in Weil (1989), we assume that households are born on different dates owning no assets,

% Also in Obstfeld and Rogoff’s original model consumption smoothing causes the domestic economy to run a debt
after a permanent favorable shock to relative productivity (which has no short-run effect on GDP in their setup).
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but they own the present discounted value of their labor income.! The number of households in
the home economy, Ny, grows over time at the exogenous rate n > 0, i.e., Ny11 = (1 + n)Ny. we
normalize the size of a household to 1, so that the number of households alive at each point in time
is the economy’s population. Foreign population (N;) grows at the same rate as home population.
The world economy has existed since the infinite past. It is useful to normalize world population
at time 0 to the continuum between 0 and 1, so that N}V = 1.

A continuum of goods i € [0,1] are produced in the world by monopolistically competitive,
infinitely lived firms, each producing a single differentiated good. Firms have existed since the
infinite past. At time 0, the number of goods that are supplied in the world economy is equal to the
number of households. The latter grows over time, but the commodity space remains unchanged.
Thus, as time goes, the ownership of firms spreads across a larger number of households. Profits
are distributed to consumers via dividends, and the structure of the market for each good is taken
as given. We assume that the domestic economy produces goods in the interval [0, a], which is
also the size of the home population at time 0, whereas the foreign economy produces goods in the
range (a, 1].

The asset menu includes nominal bonds denominated in units of domestic and foreign currency,
money balances, and shares in firms. Private agents in both countries trade the bonds domestically
and internationally. Shares in home (foreign) firms and domestic (foreign) currency balances are

held only by home (foreign) residents.

2.1 Households

Agents have perfect foresight, though they can be surprised by initial unexpected shocks. Con-
sumers have identical preferences over a real consumption index (C), leisure (LE), and real money
balances (%, where M denotes nominal money holdings and P is the consumption-based price
index—CPI). At any time tp, the representative home consumer j born in period v € [—00, %]

maximizes the intertemporal utility function:

. o ¥ _ MUJ
Uy =" 87" | plog C; + (1 — p)log LEY + ylog = (1)
t=to

with 0 < p < 1.11
The consumption index for the representative domestic consumer is:
-1

o = [a® (1) ™ +a-a® (on) ] o

'0Blanchard (1985) combines this assumption with a positive probability of not surviving until the next period.
"'We focus on domestic households. Foreign agents maximize an identical utility function. They consume the same
basket of goods as home agents, with identical parameters, and they are subject to similar constraints.




where w > 0 is the intratemporal elasticity of substitution between domestic and foreign goods. The

consumption sub-indexes that aggregate individual domestic and foreign goods are, respectively:

[’
vi Lor [/ i N\ . |7t vi IR PR N
Chy = {(5)9/0 (ct (z)) 0 dz] , and Cpy = [(1—a)9/ (C*t (z)) ¢ dz] ,

where c}k’f (7) denotes time ¢ consumption of good ¢ produced in the foreign country, and 6 > 1 is

the elasticity of substitution between goods produced inside each country.
The CPI is:

1
P, = [aP}Y + (1 —a)Pp, ¥ ] ™

where Py (Pp) is the price sub-index for home (foreign)-produced goods—both expressed in units

of the home currency. Letting p;(z) be the home currency price of good i, we have:

Puc= (3 [ i)~ ai) T (= [ oy —7ai) v

We assume that there are no impediments to trade and that firms do not engage in local
currency pricing (i.e., pricing in the currency of the economy where goods are sold). Hence, the
law of one price holds for each individual good and p:(i) = epf (i), where ¢; is the exchange rate
(units of domestic currency per unit of foreign) and pj(7) is the foreign currency price of good
t. This hypothesis and identical intratemporal consumer preferences across countries ensure that
consumption-based purchasing power parity (PPP) holds, i.e., P, = e FP;".

Workers supply labor (L) in competitive labor markets. The total amount of time available

in each period is normalized to 1, so that:'?
LEY =1-LY 2
t t (2)

The representative consumer enters a period holding nominal bonds, nominal money balances,
and shares purchased in the previous period. She or he receives interests and dividends on these
assets, may earn capital gains or incur losses on shares, earns labor income, is taxed, and consumes.

Denote the date ¢ price (in units of domestic currency) of a claim to the representative domestic
firm i’s entire future profits (starting on date t+1) by V{. Let :rffl be the share of the representative
domestic firm ¢ owned by the representative domestic consumer j born in period v at the end of
period t. D{ denotes the nominal dividends firm i issues on date t. Then, letting A;’il (Az‘fl)

be the home consumer’s holdings of domestic (foreign) currency denominated bonds entering time

12 A similar constraint holds for foreign agents.



t + 1, the period budget constraint expressed in units of domestic currency is:
j j i i i j
A+ e A+ [ (Viadh = Viay) di+ o
. . a
= (1+i)AY + (1 +147) A +/ Diz?"di
0
a .. . . .
+/ (Vi = Vi) ai"di+ MYy + Wi Ly — PO} = Py, (3)
0

where #; (7)) is the nominal interest rate on holdings of domestic (foreign) bonds between ¢ — 1 and
t, W, is the nominal wage, Mt“jl denotes the agent’s holdings of nominal money balances entering
period ¢, and T} is a lump-sum net real transfer, which is identical across members of generation
L

The representative domestic consumer born in period v maximizes the intertemporal utility
function (1) subject to the constraints (2) and (3). Dropping the j superscript (because symmetric

agents make identical choices in equilibrium), optimal labor supply is given by:

p=1-rEp=1-"L%, (@
p W
which equates the marginal cost of supplying labor with the marginal utility of consumption gen-
erated by the corresponding increase in labor income.
Making use of this equation, the first-order condition for the optimal holdings of domestic

currency bonds yields the Euler equation:

. YR
Cy = |8(1 +%+1)(P_) Ci (5)
t+1
for all v <*¢.
Demand for home currency real balances is:
MP 1+
?t = K—H_lczj (6)
i P

Real domestic currency balances increase with consumption and decrease with the opportunity cost
of holding money.

Condition (5) can be combined with the first-order condition for holdings of foreign bonds to
yield a no-arbitrage condition between domestic and foreign currency bonds for domestic agents.

Absence of unexploited arbitrage opportunities requires:

. ‘ €41
1414 = (1 + Ztﬂ) o (7)

13Given that individuals are born owning no financial wealth, because not linked by altruism to individuals born
Vi

. . . J J J
in previous periods, Ay = A}V =z, = Mj_; =0.



The consumption-based real interest rate between ¢ and ¢+ 1 is defined by the familiar Fisher
parity condition:

b L+

= CPI’
Py I+ mh

L7y = (1+4441) (8)

where 704! is CPI inflation (7&f = PtT“:l —1). PPP ensures that 1+ 7P = (1+¢;) (1 +7FF7),
where 1 + 7P1" = % and 1+ ¢; = ;2. Combining (8) with (7) and making use of PPP shows

_ . N . .
that 1+r, = 1+75, = (1+4f,) P real interest rates are equal across countries in the
absence of unexpected shocks that may cause no-arbitrage conditions to fail ex post.

Absence of arbitrage opportunities between bonds and shares in the domestic economy requires:
Diy +Via

7 (9)

Lty =

i

. i D iV, . . "
Letting di 1, = p+ and v; = &, we can re-write the no-arbitrage condition between bonds and

shares as:
i i
diiq + Vi

7
Uy

147141 = <1O>

As usual, first-order conditions and the period budget constraint must be combined with

appropriate transversality conditions to ensure optimality.!*

2.2 Firms

Output supplied at time ¢ by the representative domestic firm ¢ is a linear function of labor de-

manded by the firm:
Y5 = Z,L. (11)

Zy is an exogenous economy-wide productivity parameter. Production by the representative foreign

firm is a linear function of Li*, with productivity parameter Z;.!5
Output demand comes from several sources: domestic and foreign consumers and domestic

and foreign firms. The demand for home good ¢ by the representative home consumer born in

. —0 —w
V(s pt (Z) PHt CU
Ct (Z) - P P, t
Ht t
Y Gimilar labor-leisure tradeoff, Euler equation, no-arbitrage, and transversality conditions hold for foreign agents.
15Because all firms in the world economy are born at t = —oo, after which no new goods appear, it is not necessary

to index output and factor demands by the firms’ date of birth. As for consumers, we focus on domestic firms below.
Foreign firms are symmetric in all respects.

period v is:




obtained by maximizing C" subject to a spending constraint. Total demand for home good ¢ coming

from domestic consumers is:

W= )+ (4w 01+ m) )
. —0 —w
- () (&) e

T O i+ wrCe TR
—i—nC’t +n(1+n)CZ+ - +n(l+n)t"1Ct
a(l+ n)t

et () o e (0) 4 1] <z>]

where

a

Ct =

is aggregate per capita home consumption.!

Given identity of intratemporal preferences, the expression for the demand of home good 1
from foreign consumers born in period v is analogous, and total demand for the same good by

foreign consumers is

it = (20) " (21 o e,

where
—t* 1* 0*
(—a)| TG ot <1+n>20 T reaC
+nCl +n(1+n)C¥ +---+n(l +n)i-1CF

O
Il

(I—-a)(1+n)t
is aggregate per capita foreign consumption.

Changing the price of its output is costly for the firm, which generates nominal rigidity.
Specifically, we assume that the real cost (measured in units of the composite good) of output-price

inflation volatility around a steady-state level of inflation equal to 0, is:

2 .
paci=5 (i 1) B

When the firm changes the price of its output, a set of material goods—e.g., new catalogs, price tags,

etc.—need to be purchased. The price adjustment cost (PAC?) captures the amount of marketing

6 At time 0, home population is equal to a. At time 1, it is a (1 + n). Hence, generation 1 consists of an households.
Population at time 2 is a (1 +n)°. It follows that generation 2 consists of an (1 4 n) households. Continuing with this
reasoning shows that generation ¢ consists of an (1 + n)t*1 households. Going back in time from ¢ = 0, population

at time —1 is H_Ln Hence, generation 0 consists of 1= households. Population at time —2 is m It follows
that generation —1 consists of %2)2 households. Continuing with this reasoning makes it possible to show that

generation —t consists of households.

an
(1+n)t+t



materials that must be purchased to implement a price change. Because the amount of these mate-
rials is likely to increase with the firm’s size, PAC? increases with the firm’s revenue ((p;(i)/P;)Yy),
which is taken as a proxy for size. The cost is convex in inflation; faster price movements are more
costly to the firm.!'” We assume x > 0. When x = 0, prices are flexible.

Total demand for good ¢ produced in the home country is obtained by adding the demands
for that good originating in the two countries. Making use of the results above, it is:

. —0 —w
. P ~
yDi — pe(7) Ht yDwW 12
t (PHt P, ¢ (12)

A “hat” denotes aggregate (as opposed to aggregate per capita) levels of variables. Aggregate
world demand of the composite good, f@DW, is defined by }A/tDW = @W + P/A\CZV . @W =1+
n)tlacs + (1 — a)cf] and PTCZV = aPAC} + (1 — a)PAC}® denote world consumption and the
world aggregate cost of adjusting prices, respectively.!®

Given the no-arbitrage condition between bonds and shares (10) and a no-speculative bubble
condition, the real price of firm 4’s shares at time tg is given by the present discounted value of the

real dividends paid by the firm from ¢y + 1 on:

o0
Uto - Rt075d87
s=to+1

where

1
S Y

[T (1+r)

u=tp+1

Rto,s = Rtoyto =1.

At time £g, firm ¢ maximizes:

o0
Uto + dto = Rt075d87

s=tp

i.e., the present discounted value of dividends to be paid from ty on. At each point in time,
dividends are given by net real revenues—(1 — 7) %ﬁYg—pluS a lump-sum transfer (or tax) from
t

. ) . 2 N
the government—th ~minus costs—% {5 (pfi—(ll()i) — 1) ptT(Z)Y;. The firm chooses the price of its

product and the amount of labor demanded in order to maximize the present discounted value

'"The quadratic specification for the cost of adjusting prices, first introduced by Rotemberg (1982), yields dynamics
for the aggregate economy that are similar to those resulting from staggered price setting a la Calvo (1983).
"8The expression for the world aggregate cost of adjusting prices derives from the assumption that the number of

firms is constant. In the expression for P/ATCt , we have already made use of the fact that symmetric firms make
identical equilibrium choices. Keeping the i superscript for individual firms’ variables allows us to denote aggregate
per capita variables referring to firms by dropping the superscript below.
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of its current and future profits subject to the constraints (11) and (12), and the market clearing
condition Y} = YS! = Y,P!, Firm i takes the aggregate price indexes, the wage rate, Z, world
aggregates, and taxes and transfers as given.

Let \! denote the Lagrange multiplier on the constraint ¥;%' = Y;”?. Then, A} is the shadow
price of an extra unit of output to be sold in period ¢, or the marginal cost of time ¢ sales. The

first-order condition with respect to p;(7) yields the pricing equation:
pi(i) = WLPA, (13)

which equates the price charged by firm ¢ to the product of the (nominal) shadow value of one
extra unit of output-the (nominal) marginal cost (P;\!)-and a markup (¥%). The latter depends
on output demand as well as on the impact of today’s pricing decision on today’s and tomorrow’s

costs of adjusting the output price:

S

|
N =
VRS
F s
= =
Q\_/

N~—

|

—
N————
[\]

Ui =gy} {(9— Y, [1 -

where

Ti—yi P i) < pe(t) 1> b B <pt+1(i))2 <pt+1(i) _ 1) .

pe—1(2) \ pr—1(7) 147140 P \ pe(d) pe(7)

If k = 0, i.e., if prices are fully flexible, Ui = 6/[(6 — 1) (1 — 7)], the familiar constant-elasticity
markup. If k # 0, price rigidity generates endogenous fluctuations of the markup. Firms react to
CPI dynamics in their pricing decisions. Changes in monetary policies generate changes in CPI
inflation. Hence, they affect producer prices and the markup. Through this channel, they generate
different dynamics of relative prices (the real price of the firm’s output is RP} = %:—)) and the real
economy.

The first-order condition for the optimal choice of L} yields:
— = \Z,. (14)

Today’s real wage must equal the shadow value of an extra unit of output.

Making use of the market clearing conditions Y5 = Y;P* and lA/tDW = lA/tSW = ?;W, of the
expressions for supply and demand of good ¢, and recalling that symmetric firms make identical
equilibrium choices (so that p¢(i7) = Pgy) yields:

Li= <p’}§f))w%—iv. (15)

11



This equation can be combined with (13) and (14) to obtain:
Li = (Whw,) "YW 271,

where w; = %. Firm ¢’s labor demand is a decreasing function of the markup and of marginal
cost. It is an increasing function of world demand of the composite basket and of productivity if

w> 1.

2.3 The Government

We assume that governments in both countries run balanced budgets. The government taxes
firm revenues at a rate that compensates for monopoly power in a zero-inflation steady state and
removes the markup over marginal costs charged by firms in a flexible-price world. The tax rate is
determined by 1 —7 = %, which yields 7 = —ﬁ. Because the tax rate is negative, firms receive
a subsidy on their revenues and pay lump-sum taxes determined by th = TRP}Y}. In addition,
the government injects money into the economy through lump-sum transfers of seignorage revenues

to households: BT} = — (Mt“] — ,}’11) Similarly for the foreign government.

2.4 Aggregation and Equilibrium
2.4.1 Households

Aggregate per capita consumption and labor supply are obtained by aggregating consumption
and labor supply across generations and dividing by total population at each point in time. The

aggregate per capita labor-leisure tradeoffs in the two economies are:

— 1—pcf
Li=1————, L= ——p—t*.
P Wy P wy
Labor supply rises with the real wage and decreases with consumption.
Consumption Euler equations in aggregate per capita terms contain an adjustment for con-

sumption by the newborn generation at time t 4 1:1?

1+n no_u 1+n n

+1 * * t+ 1
cg=———— |41 ——C G=———— ¢, — —C . 16
B (1+7i41) T ) B(L+rgr) T 14 L (16)
19T understand the presence of Cfill in the aggregate Euler equation, apply the aggregation procedure to both

sides of the Euler equation C} = mC’fﬂ. It is:
" { S a1 (SRR S 7 CY } a[ e O + ot 5 Cl }
+nCf + - +n(l +n)CE 1 +nCiy +---+n(l +n)1Ch,
a(l+n)t B+ rig1) a(l+n)t

The left-hand side of this equation is equal to ¢;. The right-hand side is ) [(1+n)cepr —nCi] .

1
B(1+7‘t+1
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Newborn households hold no assets, but they own the present discounted value of their labor
income. We define human wealth, h;, as the present discounted value of the household’s lifetime

endowment of time in terms of the real wage:*"

“+o00 —+00

* *

ht = E Rt,s'ws; hi = E Rt,sws-
s=t s=t

The dynamics of h and h* are described by the following forward-looking difference equations:

by — hiy1 B hiy X 17
t = ———— +wy, t_m_’_wt' (17)

Using the labor-leisure tradeoff (4), the Euler equation (5), and a newborn household’s in-
tertemporal budget constraint, it is possible to show that the household’s consumption in the first

period of its life is a fraction of the households human wealth at birth:
Ciil =p(1=B)heyr, CH =p(1—=0) hiyy. (18)

Aggregate per capita real money demands in the two economies are:

M, 1+ M 1+
t_Xltun mt = X th1

- Ct, = . = Ct- 19
B p i ' TR Pty ' (19)

In the absence of arbitrage opportunities between bonds and shares, the aggregate per capita

equity values of the home and foreign economies entering period ¢t + 1 must evolve according to:

1+n d 1+n "
Vg = ———— V41 t—H» P =TV — (20)
1+ Tt4+1 1+ Tt+1 1+ Tt+1 1+ T+l
where v; = Psvv;t;l, vy = P::Y\i*ll’ and d; and dj denote aggregate per capita real dividends, equal to

(1=7F) gy + T —w Ly — pacy and (1 —7*) yf +T]* — wi L} — pac}, respectively (note that 7 = 7*).
The law of motion of aggregate per capita net foreign assets is obtained by aggregating an
equilibrium version of the budget constraint (3) across generations alive at each point in time.?! Tt

is:

(14+n)Biy1 = (1+7) Be+wly +di — ¢y
(14+n)Bf, = (1+r)Bf +w;Li+df —cj. (21)

20Blanchard (1985) defines human wealth as the present discounted value of future, exogenous noninterest income.
Weil (1989) defines human wealth as the present discounted value of after-tax endowment income. Labor income is
endogenous in our model. Our definition of human wealth as the present discounted value of an agent’s exogenous
endowment of time parallels those of Blanchard and Weil.

?ISee Ghironi (2000) for details.
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Axtt1 *
A “+e A¥ _+A* . .
where Biyy = =5t and Bjy, = EtP—;tH (A, denotes foreign households’ holdings of

home bonds, A denotes their holdings of foreign bonds). A country’s net foreign assets and net
foreign bond holdings coincide in a world in which all shares are held domestically.??

Because d; = yy —wi Ly —pac, and df = yf —wj; L} —pac] in equilibrium, equations (21) become:

(14+n)By1 = (141 By +yr — ¢t — pacy,
(1+n)Bfy = (1+r)Bf +yf —ci —pac;. (22)

2.4.2 Firms

Aggregate per capita GDP in each economy is obtained by expressing production of each differen-
tiated good in units of the composite basket, multiplying by the number of firms, and dividing by

population. It is:

For given employment and productivity, GDP rises with the relative price of the representative
good produced, as this is worth more units of the consumption basket.

Aggregate per capita labor demand is:

Yt —w Yt
L; = RP“ZL_ [*— RP*
¢ = RE 7z, ! RE zZ’

(24)

where 3" is aggregate per capita world production of the composite good, equal to aggregate per

capita world consumption plus the aggregate per capita resource cost of price changes, c" +pac}" .

Itis vV = ays + (1 —a)yf, ¢V = aci + (1 —a) ¢}, pac)’ = apac; + (1 — a) pac;. Market clearing

= ¢}V + pac}V.

requires y;"”
Domestic and foreign relative prices are equal to markups over marginal costs:
*
Wy

z

Wt

RP, =W,—. RP; =} (25)
Zt

2.4.3 International Equilibrium

For international asset markets to be in equilibrium, aggregate home assets (liabilities) must equal

aggregate foreign liabilities (assets), i.e., it must be B, —I—E;“ = 0. In terms of aggregates per capita,

22Gtrictly speaking, these equations hold in all periods after the initial one. The UIP condition may be violated
between time to — 1 and ¢o if an unexpected shock surprises agents at the beginning of period to. In Appendix A, we
show that using log-linear versions of these equations to determine asset accumulation in the initial period is harmless
if one is willing to assume that the steady-state levels of A, A*, A,, and A} are all zero. (As we show below, the
model pins down the steady-state levels of B and B* endogenously. Because domestic and foreign bonds are perfect
substitutes once no-arbitrage conditions are met, the model does not pin down the levels of A, A*, A,, and Aj.)
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it must be:

aB; + (1 —a) Bf =0. (26)

Using (26), equations (22) reduce to 3" = ¢¥ + pac}’: consistent with Walras’ Law, asset

market equilibrium implies goods market equilibrium, and vice versa.

2.5 The Steady State
2.5.1 Real Variables

The procedure for finding the steady-state levels of real variables follows the same steps as in
Ghironi (2000). As described there, the departure from Ricardian equivalence caused by entry
of new households with no assets in each period generates dependence of aggregate per capita
consumption growth on the stock of aggregate per capita net foreign assets. This yields determinacy
of steady-state real net foreign asset holdings, and thus of the steady-state levels of other real
variables in the model.

We denote steady-state levels of variables with overbars. A subscript —1 indicates that the
steady state described below is going to be the position of the economy up to and including period
t = —1 in our exercise.?> Unexpected shocks can surprise agents at the beginning of period 0,
generating the dynamics we describe in the following sections.

Given initial steady-state levels of productivity (Z_1 = Z~; = 1) and inflation (FF77 =

7PPIm = 7OPL = 7CPI" =, where 7! = p—t(’]g;’it(g)l(’)

sense that they return to the initial position determined below following non-permanent shocks to

), real variables are stationary, in the

productivity and/or inflation. (The restriction that inflation shocks ought not to be permanent for
real variables to return to the steady state described below applies to the general case in which
prices are sticky (x > 0). If prices are flexible (k = 0), real variables return to the steady state
below also after permanent changes in inflation. When x > 0, permanent deviations of domestic or
foreign inflation from zero impose permanent resource costs on the economy. These costs generate
a different long-run equilibrium for real variables.)

To see the mechanism that determines the steady state at work, consider the home economy,

and set aggregate per capita consumption to be constant. It is:

. [1_5(1+71)]_ N

1+n N l—l—ncvf17 (27)

Z3There are two reasons for time indexes for steady-state levels of variables: On one side, when we consider non-
stationary exogenous shocks, these will cause the economy to settle at a new long-run position. On the other side,
we shall see that the levels of nominal variables may exhibit a unit root regardless of stationarity of the exogenous
shocks.

15



where UZ is steady-state consumption by a newborn generation in the first period of its life. We

B(14+7_1)
1+n

assumption is automatically satisfied as long as n > 0.

assume < 1 to ensure that steady-state consumption is positive. As we shall see, this

From equation (18) and the definition of inc, C,,_ | st

— 1+79_
Ty =p(1=f) 1. (28)

Hence, aggregate per capita consumption as a function of the steady-state real wage is:

_ np(1=-B)10+71) _
I [T I (29)

Under the assumption that Z_; = 1, steady-state GDP is:

From the pricing equation,

Y1 =w1L (32)
The labor-leisure trade-off implies:
— 1—pec_
Lo=1-—Ft2L (33)
p wW-1

Using equations (29), (32), (33), and a steady-state version of the law of motion for home’s
net foreign assets yields:?4

= _ 1 n(1—=B3)14+7 1) =T 1[14+n—F(1+7_1)] T
BO_?_l—n{ Tal+n—B1+7_1)] } -1 (34)

Similarly, foreign steady-state assets are given by

1 {n(l—ﬁ)(l—l—?l)—F1[1+n—ﬂ(1—|—F1)]}_*

Bo=5 A+ n B W (35)

r-1—n

Substituting equations (34) and (35) in the asset market equilibrium condition, aBo+(1 — a) By =
0, yields:

1 {n(l—ﬁ)(l +7 1) =T a[l+n—-3(1+71)
T1-n Toa[l+n—01+71)]

} [aw_1 + (1 —a)wW" ] = 0.

24 The subscript for initial steady-state asset holdings is 0 rather than —1 because time-0 asset holdings are deter-
mined at time —1.
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Given non-zero real wages at home and abroad, the only level of the interest rate that satisfies

the market clearing condition is such that 3(1+7_1) =1, or

= %. (36)

Substituting this result into equations (34) and (35) yields steady-state levels of domestic
and foreign net foreign assets By = ES = 0. Consistent with the fact that the two economies
are structurally symmetric in per capita terms, the long-run net foreign asset position is a zero
equilibrium. Differently from Obstfeld and Rogoff (1995), this position is pinned down endogenously
by the model.

Given these results, it is easy to verify that steady-state levels of endogenous variables other

than real balances are:2°
_ —_— — x x . 1
— T —% —x AU T — —
Y1 = C1+= CZ,l =L,=y =0, = 05,1 =L_, =7y, =¢c2 =p,
U, = U =1, pac_,=d=T_1=pac’,=d ,=7",=0

2.5.2 Real Money Balances and Nominal Variables
Given steady-state consumption, domestic steady-state real balances are determined by:

. 1 +Z_1
m—1 = X—= .
-1

Similarly for foreign.
In a zero-inflation steady state, nominal interest rates at home and abroad are equal to the

steady-state real interest rate: i3 =7 ; = % It follows that real balances are:

mM_1 =M= _X
— 71 1 _ /B.
Nominal money balances at home and abroad are determined by, respectively:
M i=—"——-P 4y, M {=-—"—P 4, 37
1— B 1 — /6 1 ( )

Taking the ratio of M_; to Mil and using PPP yields:

S

I
S

?5See Ghironi (2000) for details.
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The steady-state exchange rate is determined by the ratio of money supplies. In the analysis
below, we assume that monetary policy is conducted by setting the nominal interest rate. In order
to pin down the initial steady-state level of the exchange rate, we assume that the initial level
of money supplies was set by the domestic and foreign central banks at M_; = M| = =5
Structural symmetry of the two economies implies that the central banks’ optimal choice of steady-
state money supplies would satisfy M_; = Mtl if the two authorities had identical objectives.
The level {5 conveniently implies 21 = P =P, =74 =7,(f) =1 (p_1(h) and
P* 1 (f) are the domestic and foreign PPIs, respectively, and their steady state levels follow from
RP = ]_Dg_(h) —RP = 5%1*(:0 = 1). Because the model does not pin down the steady-state levels of

-1 _
all nominal variables endogenously as function of the structural parameters only, monetary policy

may generate the presence of a unit root in the dynamics of price levels, the exchange rate, and
nominal money balances. In this case, steady-state levels of nominal variables will change as a

consequence of temporary shocks depending on the nature of monetary policy.

3 The Log-Linear System

The equations that determine domestic and foreign variables can be log-linearized around the steady
state. We use sans serif fonts to denote percentage deviations from the steady state.6 As usual, it
is convenient to solve the model for cross-country differences (xP = x, — x} for any variable x) and
world aggregates (x} = ax,+(1 — a)x}). The levels of individual country variables can be recovered
easily given solutions for differences and world aggregates. Because the focus of this paper is on the
relation between the exchange rate and asset accumulation, which are determined by cross-country
differences, we report only the log-linear equations for the cross-country differences between the

main variables in this section.

3.1 No-Arbitrage Conditions

PPP implies that the CPI inflation differential equals exchange rate depreciation:
P ey, (39)

where e; = ¢; — €1 and € denotes the percentage deviation of € from the steady state.

Uncovered interest parity implies:

igl = €t+1 — €. (40)

26 Percentage deviations of inflation, depreciation, and interest rates from the steady state refer to gross rates. From
now on, 7 denotes the percentage deviation of the corresponding (gross) inflation rate from the steady state.
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3.2 Households

The relative labor-leisure trade-off is:
p
WtD = CtD+ TthD (41)

Log-linear Euler equations imply that the consumption differential obeys:

¢ =(1+n)chy —nCiiP. (42)

The ex ante real interest rate has no effect, because agents in both countries face identical real
rates. The random walk result of the standard Obstfeld-Rogoff (1995) model for real variables
is transparent here: If n = 0, i.e., if no new agents with zero assets enter the economy, the
consumption differential between the two countries follows a random walk. Any shock that causes
a consumption differential today has permanent consequences on the relative level of consumption.
When n > 0, the Euler equation is adjusted for consumption of a newborn generation in the first

period of its life. It is:
Gi” =hy, (43)

where h is the deviation from the steady state of the present discounted value of a household’s
endowment of time over the infinite lifetime in terms of the real wage. The Euler equation for the

consumption differential can thus be rewritten as:

¢’ =(1+mn)cfy —nhPy, (44)
where h” is determined by:
hP = 6hZ, + (1 — B)wp. (45)

Relative real balances depend on the consumption and nominal interest rate differential:

B8 .
mtD = CtD — mltD_’_l. (46)
3.3 Firms
The GDP differential obeys:
yP =RPP +LP + 7P, (47)

The relative price differential reflects relative markup and marginal cost dynamics:

RPY = ¢f +w — 2P, (48)
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where 1) denotes the percentage deviation of the markup (¥) from the steady state.
Similarly, the difference between domestic and foreign labor demand depends on the markup

differential and on relative marginal cost and productivity:
LY = —w (v +wP - ZP) - ZP. (49)

Substituting equations (48) and (49) into (47) yields an expression for the GDP differential as

a function of relative markup and cost dynamics:
W= (w-1) @ +w’ -Z7). (50)

Combining labor demand (49) with the labor-leisure trade-off (41) yields the equilibrium real
wage differential:

WP = g (=) P = ot + p(w= 1) ZP). 61)

From firms’ optimal pricing (equation (13) for domestic firms and the analogous equation for
foreign), the PPI inflation differential depends positively on the CPI inflation differential and on

relative markup and marginal cost growth:
ppPIP cpIP D D D D D D
& =Ty oy =y Awy —wly — (27 = Z). (52)

Alternatively, the PPI inflation differential can be written as a function of nominal depreciation
and relative real GDP growth:
D 1
71_%’:"PI =€t — €4—1 — m (ytD - ygl) (53)

Finally, using 1 -7 =1-7" = 0%01 and the definitions of domestic and foreign markups,

relative markup dynamics depend on current and future pricing decisions:

K D 1+n D
dff):—g (me —mﬂfﬁl ) (54)

3.4 Asset Accumulation

Log-linearizing the laws of motion for the real net foreign bond holdings of domestic and foreign

households yields:

1 1
B = —— (=B —
t+1 T n (ﬂ t + Vi Ct) ) (55)



Because By = F; = 0, B and B* are defined as percentage deviations of B and B* from the
steady-state level of domestic and foreign consumption, respectively. As steady-state asset holdings
are zero, changes in the real interest rate have no impact on asset accumulation. Bond market
equilibrium requires aB; + (1 — a) Bf = 0. Thus, taking the difference of (55) and (56) yields:

1 1 D D
Bt+1:1+—n EBt‘i‘(l—a) (vi —c)|- (57)

Accumulation of aggregate per capita domestic net foreign bond assets is faster (slower) the larger
(smaller) the GDP (consumption) differential.

The equity values of the domestic and foreign economies are such that:
v = B(1+n) vy + Bdiy, (58)

where d” is the differential between the percentage deviations of domestic and foreign dividends
from steady-state consumption. Similarly, v and v* are defined as percentage deviations of v and v*,
respectively, from the steady-state level of consumption. (Recall that d_; = Eil =7_1=7"=0.)
The dividend differential is:

D_ .D D D
d =y —wy — L7

Domestic dividends are higher relative to foreign the wider the GDP differential and the smaller the
domestic real wage bill relative to foreign. It is easy to verify that dP = @ZJ? , so that the dynamics
of the relative equity value (relative stock market dynamics) reflect the relative behavior of the

markup in the two economies:
vP =81+ n)vE, + Bvl,. (59)
3.5 Monetary Policy
We assume that central banks set interest rates according to simple Taylor-type rules of the form:
i1 = oy +oorf T+ ¢, (60)
ifg = ouyf +oaomy T+ g, (61)

with a1 > 0, ag > 1. (Recall that i;,1 and 4f,, are set at time ¢.) The reaction coefficients to
GDP and inflation are identical at home and abroad. Because the two economies are identical in
all structural features, if central banks with identical objectives independently chose the optimal
values of a3 and «s, they would choose identical reaction coefficients. & and £* are exogenous

interest rate shocks. We assume:

gt = /Lgtfl? g;fk = MSZ—D
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Vt > 0 (the time of an initial, surprise impulse in our exercise), 0 < p < 1. Hence, ¢ = u&P ;.
Equations (60) and (61) yield:

-D D CcPIP D
41 = oayy + oomy + & -

cpIpP

Because PPP implies 7; =€ — €1, it is:

itDH = alyf) + g (e — €-1) + 5,{3 (62)

Before moving on, we stress that nominal interest rates react to the deviations of GDP from the
steady state rather than to the output gap—the deviation of GDP from the flexible price equilibrium—
in our benchmark policy specification. This is consistent with Taylor’s (1993) original analysis. But
a reaction to the output gap is the standard in the recent normative literature on monetary policy.
We stick to the Taylor benchmark for essentially two reasons. First, this is a positive, rather than
normative, paper. One of its purposes is to try and offer an explanation for dynamics that were
observed in the 1990s, a period for which the Taylor-specification fits the U.S. data fairly well.2”
Second, the normative claim that central banks should react to the output gap is borne out of
representative agent models subject to rather stringent assumptions. It is not clear that the same
result would hold here.

In addition to the assumptions about interest rate setting, we make an additional assumption
on monetary policy, which is sufficient to ensure determinacy of the solution under flexible prices.
Namely, we assume that neither the domestic nor the foreign government is willing to accommodate

infinite nominal money demand with infinite supply.

4 Net Foreign Assets and Exchange Rate Dynamics under Flexi-
ble Prices

If prices are flexible (k = 0), a dichotomy exists between nominal and real variables in the model.
Real variables affect nominal ones, but the converse is not true. There is no longer a time-varying,
forward-looking markup. Equilibrium profits are zero in all periods, along with the equity value
of both economies. The equations that describe firm behavior in the log-linear system for cross-
country differences between real variables simplify as follows.

The difference between domestic and foreign relative prices equals the difference between real

wages adjusted by relative productivity:

RPP =wf —ZP. (63)

?"See Clarida and Gertler (1997) and Clarida, Galf, and Gertler (1998) for evidence from other countries.
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Relative employment and GDP are:

LP = —wowP + (w—1)ZP. (64)

v =—(w—=1)(w -27). (65)

The solution for real variables follows the same steps as in Ghironi (2000). Combining (41)
and (64) yields:

LD = —;") [weP — (w—1)ZP]. (66)

From (51),

Substituting equations (65) and (67) into (57) with v/’ = 0, we obtain:

- 1 B 1—a el — (o D
B = g T T oy e - W DE] (68)

Human wealth can be written as:

1-6)(1—p)

htD:ﬁhg1+(1+p(w_1) p(1—=0)(w—-1)_p

1+p(w—1) Zi- (69)

D
¢ +

Aggregating the consumption functions for individual domestic and foreign households and

log-linearizing yields the following expression for the consumption differential:

P = H& +hP. (70)

The consumption differential in each period reflects the net foreign asset position of the two
economies and the differential between the expected real wage paths from that period on.

It is easy to show that c? = wp = LP = yP = 0 if w = 1.8 Unitary intratemporal elasticity
of substitution ensures that domestic and foreign consumption, the real wage, employment, and
GDP are equal regardless of productivity. Hence, to preserve bond market equilibrium, it must
be By = Bf = 0 if w = 1. This is the result first obtained by Corsetti and Pesenti (2001): If the
elasticity of substitution between domestic and foreign goods is one, accumulation of net foreign
assets plays no role in the transmission of shocks, and current accounts are always zero: y; = ¢; and
y; = c;. This is the same allocation that would be generated by the complete markets assumption,

through perfect “risk-sharing” between the domestic and foreign economy.

?8See Ghironi (2000).
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Equation (70) can be substituted into equations (68) and (69) to obtain:

1+pwB—-1) w(l—a) hD

Bl = S -0 OFmitpw—D"
(w—-1)@1-a) _p
(I IES (71)
p _ Bll+pw-1]p p(1—p)(1-p)°
ey TG e P Gy
p(1=0)(w-1)_p
+pw+ﬁ(1—p) Ze- (72)

Equations (71) and (72) constitute a system of two equations in two unknowns (the endogenous
state variable B and the forward-looking variable h”) plus the exogenous relative productivity term

ZP. We assume:
2y = ¢Li1, Zf =¢Li 4,

Vt > 0,0 < ¢ < 1. Hence, ZP = ¢ZP ;. The stock of net foreign assets and the levels of the
exogenous productivity parameters describe the state of the (real) economy in each period. We
assume that the restrictions on structural parameter values such that the solution of the system

(71)-(72) exists and is unique are satisfied. The solution can be written as:

Bir1 = nppBt + npznZf, (73)

htD = nhDBBt + 'r]thD2tD7 (74)

where npp is the elasticity of time-t+1 assets to their time-¢ level, ng,p is the elasticity of time-t+1
assets to the time-t productivity differential between home and foreign (Z), 1,05 is the elasticity
of hP to time-t assets, and 1,040 is the elasticity of h to ZP. The values of the elasticities
n as functions of the structural parameters of the model can be obtained with the method of
undetermined coefficients as in Campbell (1994).2

Given the solutions for real variables, the path of the nominal exchange rate can be determined
by using the UIP condition (40) in conjunction with the interest setting rules for the domestic and

foreign economy. Combining equation (62) with UIP and rearranging, we obtain:

€t+1 — (1 + ag) € + €1 = alytD + f? (75)

29Gee Appendix B.
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Now, the solution for the GDP differential is:
sz = 77yDBBt + nyDZDZ?’ (76)

where 1,05 (n,07p) is the elasticity of the GDP differential to the net foreign asset position
(productivity differential).

Hence, the dynamics of real net foreign assets and the exchange rate are determined by the

system:
ei1— (L+an)es +ase 1 = aryl +€P,
y£ = nopBi+npznZl,
Bir1i = nppBi+npzoZl, (77)
zP = oI}y,
& = wEly,

which can be easily cast in the notation of Uhlig’s (1999) equations (3.19)-(3.21).3° The roots of
the characteristic polynomial for the exchange rate equation are 1 and as. The assumption that
g > 1 is thus sufficient to ensure determinacy. Appendix C shows that the presence of a root on
the unit circle does not pose problems for determinacy of the solution given our assumption that

31

governments are committed to keeping money supply finite.”! Following Uhlig, we conjecture a

solution for the exchange rate of the form:

€t = Nee€t—1 T naBBt + NezD ZtD + 775§D§1‘,D7 (78)

with elasticities .., 7.5, N.zp, and NegD-

The conjectured solution and the equations in (77) can be used to obtain expressions for the
exchange rate elasticities with the method of undetermined coefficients. The following equation
must hold:

Nee (7766615*1 + NeB Bt + NezD ZtD + ngngtD)
+n.5 (NpBB: + Npz0Zl) + NezpdZy + MeeD ey
— (14 as) (7755&71 +n.pBt + 1202 + 775§D§tD> (79)

o€ 1

= a1 (nyDBBt +nyDZDZtD) +€tD

30The only difference being the absence of the innovations that are featured in a rational expectations setup.
31 Carlstrom, Fuerst, and Ghironi (2001) explore the consequences of az < 1 (monetary policies that violate the
Taylor principle) along with those of alternative interest setting rules for determinacy of the equilibrium.
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Equating coefficients on €;_; on the left-hand side and on the right-hand side of (79) yields:
nga - (1 + 042) Nee T a2 = 0.

This polynomial has roots 1 and aip. Because ag > 1, this root would yield unambiguously unstable
dynamics for the exchange rate. Hence, we select 1., = 1: the exchange rate exhibits a unit
root. The intuition is simple: the reaction of interest rates to CPI inflation in an environment
in which PPP holds at all points in time (including when an unexpected shock happens) causes
today’s interest setting to depend also on yesterday’s level of the exchange rate. (At time 0, it is
iP = a1yP + agen + §0D , because the economy is assumed to be in steady state up to and including
t = —1.) In turn, this causes today’s exchange rate to depend on its past value. Stability imposes
that the relevant root be 1.2

It is important to note that validity of the Taylor principle (ag > 1) is not necessary for the
exchange rate to exhibit a unit root. When the Taylor principle holds, the solution we are describing
is unique. If the Taylor principle does not hold (ag < 1), it is possible to prove that there exists
a solution in which the exchange rate does not contain a unit root.>> However, indeterminacy
of the solution when as < 1 causes existence of sunspot equilibria that may well exhibit a unit
root, including the solution described here. Indeed, Carlstrom, Fuerst, and Ghironi (2001) show
that unit roots in exchange rates are quite endemic when monetary policy is conducted by setting
nominal interest rates and UIP holds (or includes exogenous disturbance terms).

Equating coefficients on By in (79) and using 7., = 1 yields:

Neg +Nepnpp — (1 +a2)n.p = canyop,

from which:

_ Qanypp

NeB = T os— g P—
As ag > 1 and ngg < 1 (assets are stationary), ae —ngpg > 0. Thus, the sign of n,g—the elasticity
of the exchange rate to net foreign assets-is the opposite of that of 7,0 p—the elasticity of the GDP
differential to net foreign assets. If this elasticity is negative, accumulation of foreign debt (a capital
inflow, B; < 0) results in an appreciation of the exchange rate below its steady-state level. We
show that the sign of 7,0 p is the opposite of the sign of 7.pp in Appendix B. For most plausible
combinations of values of the structural parameters 3, p, w, ¢, a, and n, it is n.pg > 0. Intuitively,

accumulation of net foreign assets allows the home economy to sustain a higher consumption path

32Taylor rules that allow for interest rate smoothing such that itD_H = a1yP + agﬂtCPID + asif + &P would still
induce the presence of a unit root in the level of the exchange rate through the same channel.
#3See Carlstrom, Fuerst, and Ghironi (2001).
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than foreign. It follows that n,0p < 0: ceteris paribus, accumulation of net foreign assets causes
domestic agents to supply less labor than foreign, the domestic real wage and relative price are
higher than abroad, and domestic GDP falls relative to foreign. Hence, 1.5 > 0.4

If central banks do not react to GDP movements (a3 = 0), the exchange rate is not affected
by asset accumulation (1.5 = 0). The latter matters for the exchange rate because it generates a
GDP differential across countries. If this differential has no impact on interest rate setting, it has
no effect on the exchange rate either.

Equating coefficients on ZP in (79) and using the previous results yields the elasticity of the

exchange rate to productivity:

oy [(a2 —npp) Nypz0 + NyoENEZD]
(a2 — @) (a2 —npp)

NezD = —

Our assumptions ensure that it is ag—¢ > 0. The sign of 7). ;0 depends on that of (aa — npg) 1,0 Zz0+
nyppNpzp- A favorable shock to relative domestic productivity causes domestic agents to accu-
mulate net foreign assets to smooth consumption dynamics for plausible parameter values if ¢ < 1
(see below). Hence, npzp > 0 and n,pgnpzo < 0if ¢ < 1. Because n,pzp > 0 for the same
combinations of parameters, a sufficiently aggressive reaction of the central banks to inflation (aw
large) ensures 1,0 < 0: ceteris paribus, a positive shock to relative domestic productivity gener-
ates an appreciation of the exchange rate.?® If oy = 0, the exchange rate does not react to relative
productivity shocks (1.,0 = 0). The intuition is similar to that for 7).
Finally, equating coefficients on &P in (79) and solving yields:

1
Qg —

7/]6£D = -

Because ag— 1 > 0 under our assumptions, the elasticity of the exchange rate to the relative interest
rate shock is negative: 70 < 0. An exogenous increase in the domestic interest rate relative to
foreign causes the domestic currency to appreciate. The appreciation is larger the smaller ag — p.
If central banks react aggressively to inflation (ag large), the appreciation triggered by the shock
is smaller. To understand the mechanism, suppose © = 0. In this case, the exchange rate jumps
instantly to its new long-run level. The depreciation rate (e; = ¢ — ¢.—1) is zero in all periods

after the time of the shock (¢ = 0, during which the depreciation rate equals the initial jump of

3 For example, interpreting periods as quarters, these results hold with 3 = .99 (a standard value of the discount
factor at quarterly frequency), p = .33 (in steady state, agents spend one-third of their time working), w = 1.2 (a
conservative choice for this parameter, the results still hold for higher, possibly more realistic values), ¢ = 0 (no
persistence in productivity, the results hold also for ¢ as high as .99), a = .5 (the two economies have equal size),
and n = .01 (population grows by one percent per quarter).

35 All the results in this paragraph hold for the parameter values mentioned above and with the standard Taylor-
reaction of the interest rates to inflation, ay = 1.5.
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the exchange rate—ey = €p). On impact, domestic inflation falls relative to foreign by the extent
of the initial appreciation. This causes the interest differential to fall endogenously by as times
the initial appreciation. In equilibrium, the interest rate differential must be zero at all points in
time, because it must equal expected depreciation in the following period. (At time 0 agents expect
no further exchange rate movement in future periods.) Given a 1 percent exogenous impulse to
the interest rate differential, it follows that the initial appreciation that is required to keep the
interest differential at zero at the time of the shock is smaller the larger ao. If the interest rate
shock is more persistent (u € (0,1)), the exchange rate appreciates by more: a persistent shock
generates expectations of continuing appreciation that are incorporated in the initial movement of
the exchange rate.

A permanent shock to the interest rate differential (1 = 1) would cause the exchange rate to
appreciate at a constant rate in all periods, raising the issue of the zero-bound on the exchange
rate. For how long the exchange rate can appreciate before violating the non-negativity constraint
depends on the normalization of its initial value and the rate of appreciation. The downward
movement would have to stop when the deviation from the steady state reaches —100 percent.
We do not impose this lower bound on the exchange rate as an explicit terminal condition in the
solution for the response to a shock because we think of the cases in which it may be approached
as theoretical curiosities more than realistic situations for the economies to which the model could
be applied.?® In what follows, we take the solutions for the cases in which permanent shocks cause
constant appreciation (or depreciation) as plausible approximations of situations in which initial
levels of the exchange rate are quite far from zero and rates of depreciation are gradual.?”

To summarize, a flexible price world yields the following exchange rate equation:

a1M,DB a1 (a2 —ngp)Nypzp +NypENEZD 1
€t = €t—1 — —th - [ i 4 ] ZtD - ftD- (80)

a2 —TpB (a2 — @) (2 —npp) Q2 — W

The nominal exchange rate contains a unit root, but the stock of aggregate per capita real net
foreign assets helps predict the exchange rate if central banks react to GDP movements in setting

the interest rate. If there is no such reaction (or if there are no productivity shocks that generate

30 Perhaps less justifiably on the same grounds, we do not impose the zero bound on nominal interest rates either.
See Benhabib, Schmitt-Grohé, and Uribe (2001) and references therein for analyses of the consequences of this zero
bound in (closed economy) environments in which monetary policy follows Taylor-type rules.

370ur hand-waving on the zero-bound issue is also motivated by the fact that central banks and governments could
choose to maneuver the exogenous component of interest rates (£ and £*) or to inject money in the economy at later
dates to intervene in foreign exchange markets to prevent the exchange rate from reaching zero at any date. Because
the timing of these interventions is a matter of central bank’s choice (unless the exchange rate has reached zero) and
the issue is not central to our analysis, we prefer to steer away from it. However, we do refer to the zero bound on
the exchange rate explicitly in Appendix C, where we use the assumption that money supplies be finite to rule out
the rather different situation in which a speculative bubble causes a currency to appreciate by 100 percent in one
period in a flexible-price world.
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movements in real variables), the process for the exchange rate simplifies to:

1 D
) 81
— & (81)

€ = €—1 —
(85)

which is exactly the random walk result of Meese and Rogoff (1983) if = 0.

Equation (81) describes the exchange rate process also if w = 1. In this case, it is n,pp =
nypzp = Npzp = 0, so that n.g = n.z0 = 0 (and B; = 0 Vt). If the intratemporal elasticity of
substitution is equal to 1, productivity shocks do not affect the exchange rate regardless of whether
or not interest rate setting is reacting to GDP movements. This suggests that models that deliver
the w = 1-allocation may be poorly suited to analyze the relation between the exchange rate and
productivity.

Finally, a unit root in the exchange rate implies unit roots in price levels and nominal money
balances. Simple Taylor rules of the form (60)-(61) do not generate stationarity of the levels of
nominal variables. This is consistent with the empirical evidence in favor of unit roots in these
variables. As observed above, one can prove that such unit roots are pervasive when monetary policy
is conducted by setting nominal interest rates and UIP holds or includes exogenous disturbances.
(It is easy to verify that stationary, AR(1) rules for the levels of money supply in both countries

would generate stationary nominal levels.)

4.1 Impulse Response Analysis

To evaluate the relevance of asset holdings for exchange rate dynamics under flexible prices, we
calculate impulse responses to productivity and interest rate shocks for a plausible parameterization
of the model. Periods are interpreted as quarters. We use the parameter values mentioned above:
08=.99, p=.33,w=12,a=.5 and n = .01. Our choice of n is higher than realistic, at least if one
has developed economies in mind and n is interpreted strictly as the rate of growth of population.®®
We take .01 to be a realistic benchmark if it is interpreted as a proxy for the size of deviations from
Ricardian equivalence in the economy—which constitute the key mechanism to achieve stationarity
of real variables. In contrast, we use a lower than realistic value of w. Estimates from the trade
literature suggest that values significantly above 1 would be reasonable.?® Our conservative choice
of benchmark allows us to show that even small departures from the w = l-case generate quite
different results. We point out important consequences of higher values of w below. We assume
a1 = .5 and ag = 1.5, as in the interest rule originally advocated by Taylor (1993).

Figures 2-5 show the dynamics of aggregate per capita real net foreign assets, the GDP dif-

ferential, the exchange rate, and the depreciation rate (the CPI inflation differential) following a

38 The average rate of quarterly population growth for the U.S. between 1973:1 and 2000:3 has been .0025.
#9See Feenstra (1994), Hummels (1999), and Shiells, Stern, and Deardorff (1986).
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1 percent increase in relative domestic productivity. We consider three values of the persistence
parameter ¢ in the figures (0, .5, and .75) and omit (but mention) the responses for ¢ = 1. When
¢ < 1, the home economy accumulates net foreign assets following the shock (Figure 1). When
the shock is temporary (¢ = 0), net foreign assets decrease monotonically in the periods after the
initial one. A persistent increase in productivity (0 < ¢ < 1) causes the home economy to continue
accumulating assets for several quarters before settling on the downward path to the steady state.
The home economy accumulates no assets if the shock is permanent (¢ = 1). Domestic GDP and
consumption (not shown) rise permanently above foreign exactly by the same amount in the period
of the shock.

The exchange rate appreciates on impact, the more so the more persistent the shock (Figure

3). The initial jump equals the elasticity 7.,p:

_Qanlypzo Q11D BN BzD (82)
a—¢ (a2 —¢) (a2 —1npp)

€0 —

The first part of this expression is negative and originates in the reaction of interest rates to the
immediate change in relative GDP caused by the relative productivity shock (in Figure 4, domestic
GDP is initially above foreign, more significantly the more persistent the shock). This component
of the initial appreciation is larger the smaller ao because the reaction of interest rates to inflation
causes the exchange rate to move in opposite direction to the reaction to GDP movements (in
Figure 5, the inflation differential falls on impact, the more so the more persistent the shock).*? If

a77yD zD

od > T 55 the first term in (82) is also larger the higher ¢ (because agents anticipate the

effects of a persistent shock, which prolongs the time during which domestic GDP is above foreign
and the exchange rate appreciates). The second part of (82) is positive, because 7,05 < 0 and
ngzp > 0, and reflects the anticipated reaction of future interest rates to the persistent negative
GDP differential generated by real asset accumulation (indeed, the GDP differential in Figure 4
becomes slightly negative during the second part of the transition dynamics, as assets slowly return
to the steady state). For the same reasons as before, this component of the initial exchange rate

jump is larger the less aggressive the reaction of policy to inflation and the more persistent the

shock (the latter if ng?) > —8775qu ). The exchange rate movement caused by anticipated asset
accumulation is larger the closer ngg to 1. Slow convergence of assets to the steady state ensures
a more persistent GDP differential, the effect of which on future interest setting is anticipated by
the agents. For realistic parameter values, the effect of the first term in (82) dominates and the

exchange rate appreciates on impact.

4OFigure 5 provides information also on the actual behavior of interest rates following the shock. Because of UIP,
the realized interest rate differential at each date equals the rate of depreciation in the following period.

#INote that changes in the persistence of shocks have no impact on the elasticity of other endogenous variables to
asset holdings.
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If ¢ = 0, the path of the exchange rate is monotonic after the initial downward jump. The
exchange rate overshoots its long-run level. Endogeneity of interest rate setting with a; > 0 and
asset dynamics generate overshooting with flexible prices. To understand this, observe that the

exchange rate is determined by the following equation in all periods after the initial shock:

a17y,DpB
€& = €1 — ———B4.
&2 — BB

As B becomes positive after the initial period, the exchange rate climbs very slowly towards the new
steady-state position (recall that n.g > 0). (The depreciation rate in Figure 5 becomes positive—
albeit small-as the exchange rate starts moving towards its new steady-state level.) The new steady
state is reached when net foreign assets have completed their transition back to zero. The transition
takes a very long time because the speed of convergence of net foreign assets (determined by the
rate at which new households enter the economy) is very slow.

If ¢ € (0,1), delayed overshooting obtains. The initial jump is followed by further appreciation.

After the initial period, exchange rate and net assets obey:

a1nypp a1 [(2 —npp) NybzD + UyDBUBZD] D
€ = €—-1— B: — Zt »
a2 — 1B (a2 — @) (a2 —mpp)
Biv1 = nppBi+npznZf.

A persistent (but not permanent) shock causes the stock of assets to increase until the shock
has died out. That puts upward pressure on the exchange rate. However, the shock generates
appreciation beyond the initial jump as long as the productivity differential remains positive. As
the shock dies out, the dynamics of asset holdings drive the exchange rate to its new long run level,
between the initial response and the peak appreciation.

A permanent relative productivity shock (¢ = 1) causes no change in net foreign assets. The
exchange rate appreciates at a constant rate in all periods, due to the central banks’ reaction to a
permanent GDP differential. (Given our initial normalization Z_1 = 1 and parameter values, the
exchange rate would hit the zero bound at time t = 5.)%2

To further investigate the relation between net foreign assets and the exchange rate, Figure 6
shows their responses to a 1 percent domestic productivity shock with ¢ = 0 for the benchmark

value of n (.01) and for an arbitrary, unrealistically large value (.5), which delivers much faster

2We have omitted impulse responses for variables that are not directly related to the exchange rate. When ¢ = 0,
domestic consumption is slightly above foreign throughout the transition dynamics. The relative price differential
falls on impact—which causes stronger output and labor demand at home than abroad. But this movement is reversed
in the following periods, in which these differentials are slightly below the steady state. The domestic real wage is
higher than abroad throughout the transition. When ¢ € (0, 1), the fall in the domestic real price relative to foreign
is more persistent, and so is the initial movement of both employment and real wage differential above the steady
state. Domestic consumption rises above foreign by more. Details are available on request.
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convergence of real assets to the steady state.’3 The response of the exchange rate settles at its
new long-run level much faster when n = .5. Put differently, the response of the exchange rate is
closer to that of a pure random walk the faster the speed of convergence of net foreign assets to the
steady state. Even if the elasticity of the exchange rate to net foreign assets is very small for the
parameter values we use (7,g = .0014 [.0005] when n = .01 [.5]), near non-stationary net foreign
assets generate exchange rate dynamics that can be quite different from those of a random walk.

Figure 7 repeats the exercise for a higher, more realistic value of w (w = 4). The range of
variation of net foreign assets and the exchange rate is an order of magnitude larger. Cross-country
differences caused by asymmetric shocks are bigger if goods are more highly substitutable across
countries. Even if 1), g remains small (1,5 = .0081 [.0041] when n = .01 [.5]), the difference between
the n = .01 and n = .5 cases becomes more pronounced.** The extent to which slow convergence
to the steady state causes net foreign assets to affect exchange rate dynamics is more relevant the
higher the degree of substitutability between domestic and foreign goods in consumption.

Figures 8 and 9 illustrate the reaction to a 1 percent domestic interest rate shock. Equation
(81) determines the exchange rate. As expected, the response to the shock is non-stationary
(Figure 8) and no overshooting takes place. The cases = 0 and p = 1 have been discussed above.
When p € (0,1), the exchange rate undershoots its new long-run level on impact. It continues to
appreciate as the shock dies out and eventually settles at its new steady state. The depreciation
rate/inflation differential falls and returns to the steady state at a speed that is inversely related
to the persistence of the shock.*®

To summarize our analysis of the flexible price benchmark, the unit root in (80), combined
with stationary real net foreign assets and shock processes, unambiguously delivers a non-stationary
process for the nominal exchange rate. Because the deviation of net foreign assets from the steady
state becomes negligible in finite time following a non-permanent shock, the exchange rate eventu-
ally settles on a new long-run position if shocks are not permanent.*® Notwithstanding the presence
of a unit root in the exchange rate, impulse response analysis supports the idea that net foreign

asset dynamics help predict the path of the nominal exchange rate to the extent that the elasticity

43 Note that, if prices were sticky, n would be bounded above by 7_; for the log-linear system to be stable.

#1n this case, the exchange rate actually depreciates in the long run when n = .01.

45The value of w has of course no impact on the effect of interest rate shocks under flexible prices.

461t should be noted that n = 0, which delivers non-stationary real assets, will not necessarily generate a stationary
exchange rate. Keeping the other parameter values at the benchmark, a favorable shock to home productivity with
¢ = 0 causes domestic net foreign assets to settle at a new (higher) steady-state level by the beginning of the period
after the shock. The exchange rate appreciates on impact. But permanently higher assets from ¢ = 1 on imply that
expected exchange rate depreciation (and the interest rate differential) must be constant in all periods (including that
of the shock). (At time 0, expected depreciation between time 0 and time 1 equals nEBE, where B is the permanent
deviation of asset holdings from the steady state.) A constant rate of depreciation in all periods following the initial
one causes the exchange rate to eventually shoot to infinity.
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of the latter to net foreign assets is different from zero. The predictive power of net foreign assets is
enhanced if their law of motion is near non-stationary and if the elasticity of substitution between
domestic and foreign goods is significantly above 1. Finally, the exercise of this section shows that
price stickiness is not necessary to obtain exchange rate over- or undershooting following exogenous

impulses. Endogenous interest rate setting and asset dynamics are sufficient.

5 Sticky Prices

The exchange rate continues to be determined by equation (75). However, the dynamics of the real
GDP differential (and of all other real variables) following productivity and interest rate shocks are
now affected by the markup fluctuations generated by nominal rigidity.

It is possible to prove that w = 1 implies B;11 = 0 Vt also under sticky prices regardless of
other parameter values. Intuitively, equation (50) shows that the GDP differential is always zero
regardless of productivity and interest rates if the elasticity of substitution between domestic and
foreign goods is one. Because countries are starting off with zero net assets, identical GDP levels
imply that the two economies have identical real resources to allocate to consumption in all periods.
Thus, the utility maximizing choice entails c” = 0 Vt.

The system on which we focus our attention for the general case w # 1 consists of equations
(44), (45), (50), (51), (53), (54), (57), (59), and (75), combined with our assumptions on the shock
processes, §f) = u§£ , and ZP = ¢>Z£ 1- It is hard to obtain an easily interpretable analytical
solution for this system. Thus, we resort to numerical methods. In Uhlig’s (1999) notation, the

. /
x; vector of endogenous states is [Bt+1, €ty wf) owpP yP hP P ] , the y, vector of other endogenous

/
. . D . . .
variables is [Wf PIT P } , and the vector of exogenous driving forces is z, = [Zf) &P ] . We include h}’

and v} in the x, vector to avoid singularity problems in the solution. We use Uhlig’s implementation
of the method of undetermined coefficients to solve for matrices D Mz My and 0. such that:
Xp =1, X 1+1, 2 andy = NyoXt—1 + 1, 2 The method returns a unique stable solution for
the parameter values we consider.*” We use the baseline parameterization above, which we repeat
for convenience: 0 = .99, p = .33, w=1.2,a=.5,n= .01, a; = .5, and g = 1.5. We set k to
77, the estimate in Ireland (2001), and 0 to 6, consistent with Rotemberg and Woodford (1992).
These values imply that PPI inflation of 1 percent would generate a resource cost of .385 percent
of aggregate per capita real GDP. Our choice of § implies a steady-state markup (non-adjusted for
the subsidy 7) of 20 percent.

Table 1 shows the solution for n_, 7, Dy’ and . for different values of the persistence

parameters ¢ and pu. A few facts emerge: The exchange rate continues to display a unit root. The

17Speculative bubbles in the exchange rate would violate transversality conditions under sticky prices.
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intuition is fairly simple. Given the vector x,, the conjectured solution for the exchange rate is of

the form:

€ = TNe€t—1t+MNp B: + 77ng¢£1 + nstW£1 + nsyDygl
+nepoht ) + D 4+ negpZP b
ehPNi=1 + NeyD Vi1 + Negnly + 775§D£t :

Equation (75) implies that, if the elasticity of y” to €;_1 is zero, the equation that determines Nee
in the undetermined coefficients method is exactly the same as under flexible prices. This turns
out to be the case, and 7., = 1 emerges also under sticky prices as a consequence of endogenous
interest rate setting.*®

Indeed, Table 1 suggests that nominal price rigidity implies that all variables in x, (with the
exception of the exchange rate) can be written as functions of B, yfz 1, and the shocks only (i.e.,
that the values of all other elasticities are zero). (In addition, the exchange rate features the above
mentioned unit root.) Put differently, at least for the benchmark parameterization and a number
of plausible alternatives, nominal rigidity implies that real variables in the endogenous state vector
depend on the current level of the exogenous component of the interest rate differential and on the
past level of the GDP differential, in addition to assets accumulated in the previous period and the
relative productivity term.

The solution for the exchange rate in Table 1 is of the form:
€ = €1+ N.5Bt + Neyoyil1 + MezpZy +1enEL-

On empirical grounds, the sticky-price solution points to the past GDP differential as useful to
predict the current exchange rate, along with net foreign assets accumulated in the previous period.
As for the flexible-price case, 7,.p is positive and small: a capital inflow generates exchange rate
appreciation. Accumulation of net foreign debt is associated to higher domestic GDP than foreign
because domestic agents supply more labor. The interest rate differential rises in response to a
positive GDP differential, which leads to appreciation. The elasticity to the past GDP differential
(nyp ) is negative for similar reasons. Sticky prices introduce persistence in the GDP process beyond
its dependence on assets accumulated in the previous period. (Recall that GDP is measured in
units of the consumption basket, i.e., by multiplying production of domestic goods by their real
price. Stickiness in the latter introduces stickiness in GDP.) As a consequence of GDP persistence,
a positive GDP differential yesterday translates into a higher interest rate differential today and,
hence, into appreciation. The negative elasticity to productivity (7,,p) reflects the fact that higher

domestic productivity generates higher domestic output directly, as in the flexible-price world.

48 This result extends Benigno and Benigno’s (2001) finding of a unit root in the exchange rate under sticky prices
and Taylor-type monetary policies to an environment in which net foreign assets respond to shocks.
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Again, this leads to a higher domestic interest rate and appreciation.*” Consistent with uncovered
interest parity, an exogenous increase in NegD Causes the domestic currency to appreciate on impact.

The elasticities in /- and N, 31€ not affected by changes in the persistence of the productivity
and interest rate shocks. As in the flexible-price world, changes in shock persistence affect only
the elasticities to the shocks themselves, n,. and .- The elasticity of assets to productivity
(ngzp) is an increasing function of the persistence of productivity shocks for ¢ < 1. Intuitively,
the more persistent a (non-permanent) favorable productivity shock, the stronger the incentive of
households to accumulate assets to smooth consumption (7,0 zp is unambiguously increasing in ¢).
Interestingly, npzp is negative in the special case ¢ = 1. The domestic country accumulates debt
if there is a permanent favorable shock to relative productivity. The reason is that a permanent
favorable productivity shock causes the new long-run level of domestic GDP to be above the initial
jump following the shock (GDP stickiness through real price persistence is responsible for this;
see also below). As a consequence, optimal consumption smoothing dictates that domestic agents
borrow in the anticipation of permanently higher income in the future. The relation between 7 BeD
and the persistence of interest rate shocks (u) is non-monotonic and less easily interpretable. The
elasticity of the exchange rate to the productivity differential is larger (in absolute value) the more
persistent the latter. As under flexible prices, a more persistent productivity differential generates
anticipation of a more persistent interest rate differential, and hence a larger movement of the
exchange rate on impact. As expected, the elasticity of the exchange rate to the relative interest

rate shock increases with the persistence of the latter.

5.1 Impulse Response Analysis
5.1.1 Productivity Shock

Figure 10 shows impulse responses to a 1 percent favorable shock to relative domestic productivity
for the values of ¢ in Table 1.°0 Consider the ¢ = O—case. Under flexible prices, the exchange rate
overshoots its new long run equilibrium on impact. It then converges monotonically to the new
steady state. The home country accumulates assets in the initial period, which it decumulates back
to the steady state along the transition dynamics. Sticky prices cause a hump-shaped response
of net foreign assets and delayed overshooting, as we observed under flexible prices when the
productivity shock was persistent. The reason for this difference is exactly that price-stickiness
imparts persistence in the dynamics of the GDP differential as described above. Domestic firms

initially lower prices more than foreign firms, though the domestic markup rises relative to foreign

YNot surprisingly, if a; = 0 (interest rates do not react to GDP movements), it is 1.5 = NeyD = Mezp = 0 also
under sticky prices.
*'In figures 10 and 11, net foreign assets in each period are net foreign assets at the end of that period.
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to preserve profitability. Labor demand falls (not shown), and so does the real wage. However,
these movements are quickly reversed. A more persistent favorable GDP differential causes home
agents to continue accumulating assets in the first periods after the shock. As under flexible
prices, continuing asset accumulation puts upward pressure on the exchange rate. But the added
persistence in the GDP differential acts as persistence in productivity under flexible prices, causing
further appreciation. When the GDP differential returns to zero, the upward pressure on the
exchange rate from asset holdings above the steady state kicks in and assets and the exchange rate
converge slowly to their steady-state levels. Interestingly, the stock market value of the domestic
economy relative to foreign is below the steady state throughout the transition, reflecting the fact
that the markup is below the steady state for most of the time. As expected, domestic consumption
is (slightly) above foreign.

When the productivity shock is more persistent—¢ € (0, 1)—the dynamics of net foreign assets
and the exchange rate are similar, with a hump-shaped response of assets and delayed exchange rate
overshooting. Persistence in productivity introduces a hump in the response of GDP, consistent
with the persistence effect of price rigidity and markup dynamics. (GDP rises with labor demand
as the markup falls.) The markup is above the steady state for longer, which causes an initial stock
market expansion relative to foreign.

If ¢ = 1, the domestic country borrows from abroad for the reasons described above. Domestic
GDP climbs to a permanently higher level than foreign over time due to price stickiness and markup
dynamics. The exchange rate appreciates in all periods (appreciation reaches 20 percent thirty years
after the shock). The relative markup is permanently above the initial steady state (albeit by very
little) and relative PPI inflation is permanently lower. The real wage differential falls initially,
as higher productivity and the initial relative markup movement depress domestic labor demand
relative to foreign. However, higher long-run GDP at home than abroad results in a positive long-
run real wage differential. A permanently higher markup causes the domestic stock market value
to rise permanently above foreign. So does domestic consumption.®!

If one believes that the advent of the “new economy” has shifted U.S. productivity permanently
above foreign, our model provides a qualitative account of empirical observations of the past few
years. The model also delivers much richer exchange rate dynamics following a productivity shock
under sticky prices than its antecedent by Obstfeld and Rogoff (1995). The case of a temporary
productivity shock is trivial in that model. Supply equations are not binding in the short run,
and the shock has no output effect. A permanent shock causes the exchange rate to appreciate

permanently in the period of the shock. No further dynamics happen and no overshooting is

51Tt is easy to solve for the new permanent cross-country differentials using the equations of the model. We leave
it to the interested reader as an exercise.
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obtained in either case.

5.1.2 Interest Rate Shock

Figure 11 shows impulse responses to a 1 percent exogenous increase in domestic interest rates for
the values of 1 in Table 1.

Under flexible prices, the exchange rate jumped immediately to its new long-run equilibrium
after an interest rate shock with no persistence (y = 0). When prices are sticky, the shock affects
real variables, which in turn have an impact on exchange rate dynamics. Higher domestic interest
rates result in lower PPI inflation at home than abroad, though firms raise the markup component
of prices to preserve profitability, and this translates into a higher relative value of home equity.
Domestic labor demand falls below foreign (not shown), and so do the real wage, GDP, and (slightly)
consumption. The home economy borrows from foreign to mitigate the fall in consumption. The
exchange rate appreciates on impact. Its dynamics in the periods after the shock reflect those of
GDP differential and asset holdings. A GDP differential below the steady state pushes the exchange
rate upwards, consistent with the lowering of the domestic interest rate in response to lower GDP.
Net foreign assets below the steady state push the exchange rate downward. Because the elasticity
of the exchange rate to the GDP differential (1.,p) is larger than that to assets (1.p) in absolute
value, the former effect prevails, and the exchange rate moves upwards in the first years after the
shock. However, the effect of asset dynamics on the exchange rate becomes preponderant once the
GDP differential has been (almost entirely) re-absorbed. Approximately five years after the shock,
the exchange rate starts moving slowly downward, mirroring the return of assets to the steady state.
Eventually, the exchange rate settles on a new long-run position between the impact appreciation
in period 0 and the level it had reached due to GDP dynamics. Thus, the exchange rate displays
“two-ways” overshooting following a zero-persistence relative interest rate shock: it shoots below
the new long-run equilibrium on impact, but it climbs above it when the GDP differential is the
main driving force.

If the interest rate shock is persistent—u € (0, 1)-the responses of markup, real wage, GDP,
and consumption differential become hump-shaped, as the differential in relative prices adjusts
gradually. Deviations from the steady state become more persistent. The home economy borrows
from abroad to sustain consumption. Consider the case ;1 = .5: The exchange rate jumps downward
and continues to appreciate further until the GDP differential has reached its peak. After that,
the exchange rate reverses direction along with GDP and climbs slightly. As in the case of a shock
with no persistence, once the GDP differential is close to zero, asset dynamics take over, and the

exchange rate moves downward to its new steady state. In the case of a persistent shock, the
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exchange rate undershoots its new long-run equilibrium on impact.’> When p rises to .75, the
exchange rate converges monotonically to the new steady state: It appreciates further after the
shock as the GDP differential continues to climb, and it continues to appreciate also after the latter
reverses its movement. In this case, the size of the net debt accumulated by the home economy
makes up for the small elasticity of the exchange rate to assets.

A permanent shock (= 1) causes domestic PPI inflation to be permanently below foreign.
The domestic markup now falls on impact relative to foreign, though it eventually settles on a
slightly higher value. This translates into a permanently higher domestic equity value. The initially
lower markup generates higher labor demand, which mitigates the negative GDP effect of the
shock. The real wage differential is above the steady state for a long time, though its new steady-
state level is negative (not shown).’® The real GDP differential eventually returns to zero from
below. Domestic consumption is above foreign for many years, but it eventually settles below,
and the domestic economy is permanently in debt. The exchange rate appreciates linearly, and
appreciation reaches 80 percent ten years after the shock.?® The interest rate shock has permanent
real consequences by generating non-zero steady-state inflation, which imposes a permanent real
cost on the economy.

As for the case of a productivity shock, the model delivers richer exchange rate dynamics
than the benchmark setup in Obstfeld and Rogoff (1995). It brings a new perspective to bear
on Dornbusch’s (1976) results on exchange rate overshooting. In particular, our model has the
potential for reconciling rational behavior and UIP with the evidence of delayed overshooting in
Clarida and Gali (1994) and Eichenbaum and Evans (1995).

6 Conclusions

We presented a theory of exchange rate determination that de-emphasizes the role of exogenous
money supply changes and emphasizes the relation between the exchange rate and net foreign assets
and the endogeneity of interest rate setting. Our model builds on a stationary version of Obstfeld
and Rogoff’s (1995) seminal contribution. We relied on the method of undetermined coefficients
along the lines of Campbell (1994) and Uhlig (1999) to obtain the solution. This technique is

52 Although it is hard to see this from the figure, the new steady-state level is also below the level that the exchange
rate reaches with the further appreciation due to the hump-shaped response of GDP in the first years after the shock.

531t takes approximately 300 years for the wage, GDP, and consumption differentials to settle at the steady state.
The wage and consumption differentials converge monotonically. The response of the GDP differential to the shock
is hump-shaped. Figures for a 400 years horizon are available on request.

1 The exchange rate violates the non-negativity constraint well before the wage, GDP, and consumption differentials
settle at their new steady-state levels in Figure 11. For this reason, the conclusions for the u = 1-case, albeit
qualitatively interesting, should be taken with caution. The issue is less significant in the case of a permanent
productivity shock, in which it takes 150 years for appreciation to approach 100 percent.
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fully consistent with the forward-looking nature of the model. It delivers a process equation for
the exchange rate rather than a solution expressed in the form of an infinite summation of future
variables. This facilitates interpretation and quantitative work.

We started from a simple model with flexible prices and PPP. Interest rates are set to react to
CPI inflation and real GDP movements. The solution for the nominal exchange rate exhibits a unit
root, consistent with Meese and Rogoff (1983). However, today’s exchange rate depends also on the
stock of real net foreign assets accumulated in the previous period. For plausible parameter values,
a capital inflow (accumulation of net foreign debt) generates appreciation of the exchange rate.
The predictive power of net foreign assets for the latter is stronger the slower their convergence to
the steady state following shocks and the higher the degree of substitutability between domestic
and foreign goods in consumption.

We introduced price stickiness by assuming that it is costly to change output prices over time.
We investigated the relation between asset holdings and the exchange rate quantitatively using a
plausible calibration of the model. When prices are sticky, the exchange rate still exhibits a unit
root. The current level of the exchange rate depends on the past GDP differential, along with net
foreign assets.

The model yields a number of results on exchange rate overshooting. Under flexible prices,
the exchange rate overshoots its new long-run level following a temporary (relative) productivity
shock. If the shock is persistent, endogenous monetary policy and asset dynamics generate delayed
overshooting. Endogenous monetary policy is responsible for exchange rate undershooting after
persistent (relative) interest rate shocks. When prices are sticky, temporary shocks to relative
productivity result in delayed overshooting. So do persistent shocks. Temporary relative interest
rate shocks cause immediate overshooting. No overshooting may happen when interest rate shocks
are persistent. The sticky-price dynamics are richer than in the Obstfeld-Rogoff (1995) model. Our
model has the potential for reconciling rational behavior and UIP with the empirical results in
Clarida and Gali (1994) and Eichenbaum and Evans (1995).

The flexible-price model is capable of delivering exchange rate appreciation after a favorable
relative productivity shock under Taylor-type monetary policy. This is one side of the story that
one would like to represent formally when trying to explain the recent behavior of the U.S. economy
and the dollar exchange rate. However, the flexible price model does not deliver appreciation cum
accumulation of net foreign debt. Because consumption smoothing is the only motive for asset
accumulation, the home economy accumulates assets rather than debt. The sticky-price version
of the model generates appreciation, a net foreign debt, and a stock market expansion after a
permanent favorable shock to relative productivity. But it remains to be seen whether the advent of

the “new economy” has shifted U.S. productivity permanently above foreign. Adding accumulation
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of physical capital to the scene appears a promising way of generating the dynamics we observe in
the data for non-permanent changes in relative productivity (Ghironi and Lettau, 2001). This is
a direction we will pursue in future work, along with rigorous testing of the model’s implications

and exploring the consequences of deviations from PPP.%>

A Aggregate Per Capita Net Foreign Assets in the Initial Period

Aggregating the period budget constraint (3) across generations, dividing by population size, and

imposing money market equilibrium and the seignorage rebate yields:
(1 I n) At+1 + €tAr+1 . 1+ it At (1 + Z;f) (1 + et) €t_1A2<
B 1+ 7¢PT Py 14+7¢Pl Py
+dy +we Ly — ¢y,

where it is understood that all variables are in levels rather than deviations from the steady state.
Equilibrium aggregate per capita real dividends are d; = y; —w;L; —pac;. Hence, domestic aggregate

per capita net foreign assets obey:

(1 I n) At+1 + EtAIJrl . 1+ it At (1 + Z;f) (1 + et) €t_1A2<
Py 1+ 7P Py 1+ 7Pl P4
+y — ¢ — pacy. (83)

Note that we have not used any no-arbitrage condition to obtain this equation. If we impose

Arp1t+ec Al
P

uncovered interest parity, the Fisher parity relation, and we define By = , it is immediate

to recover:
(1+n) Bey1 = (L + 1) By + yt — ¢ — pacy, (84)

which we used along with its foreign counterpart to solve for the model’s initial steady state in
Section 2. Because pac; = %ﬂf P Izyt and PPI inflation is zero in the initial steady state, log-
linearization of this equation around the initial steady state yields equation (55). In general, it is
not appropriate to use equation (84) (or its log-linear counterpart) to determine asset holdings in
the period of an unexpected shock, which generally causes no-arbitrage conditions to be violated
ex post. Asset dynamics in the initial period must be described by equation (83), which does not
incorporate any no-arbitrage condition. However, the initial steady state is such that By = 0. If

we assume that it is also % = % = 0 (i.e., not only their sum is zero), equation (83) at the

% There is a fast growing empirical literature on the relation between net foreign assets and the real exchange rate
(Lane and Milesi-Ferretti, 2000, 2001, 2002; Leonard and Stockman, 2001) and on the issues this may pose for the
U.S. (Obstfeld and Rogoff, 2001).
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time of the shock reduces to:

A+ ggAS
(14n) ==L =(1+n)B1 =y — co — pacy,
Py
with log-linear version:

(1+n) Bl = Yo — Co,

which is exactly what follows from using (55) directly for the initial period. Similarly for the foreign

economy.

B Solution: The Flexible-Price Model, Real Variables

This appendix describes the undetermined coefficients solution of the flexible-price model for the
real variables. The solution makes it possible to explore the role of changes in relative country size
for interdependence across countries.

Equations (71) and (72) can be rewritten as follows:

0 = —(Hm) (1t p = 1) TR 4L pt Bl o
—whf + (w—1)ZP, (85)
0 = ~lpot A= PINP + (1= 6) (1 p) pr
+1=Fpw-1)Z7 + B +pw-Dhi,. (86)
Conjecture the solution:
% = ﬁBBlB +pznZf, (87)
hy = ﬁhDBlB + o 70 2P (88)

Conjecture (87)-(88) is isomorphic to equations (73)-(74) in the text, with ngg = Nggp, Npzp =
(1 —-a)nggp, Mg = n—{‘f—B and n,pzp = Nppzp. To obtain solutions for the elasticities 1pp,

a ’

NpzD, Tho B, and b zp, proceed as follows. Substitute the conjecture (87)-(88) into (85) and (86):

_ B
0 = —(1+n)[1+pw-1)] (nBBﬁJrWBZDZ?)
B, B
+[1—p+6pw]ﬁl—_ <nhDBl +77hDZDZ> H-Dz
B, 1-3 B
0 = —[pw+ﬁ(1—p)](77hpgl +77hDZDZt)+(1_ﬁ)(1_p) ﬂﬁl—ta

+(1-B)pw—-1)ZP +B[1+p(w—1)] {UhDB (UBBlB > +ﬁhDZD¢Z1P] ,
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where we have made use of Zt[jrl = ¢ZP in the second equation.

Now equate the coefficients on %:
0 = —(+n) 1+ p = 1ips +[1- o+ Gl 5 ~wiinos
0 = —[pw+BQ1=p)ipp+1-5)1 —P)P% + 81+ p(w—1)]NopNBEB-
The first relation implies:
Mop=—(1+n) WﬁBB + 1_%# (89)

Substituting into the second relation, we obtain a second order polynomial in 7gp5:

0 — { [ow+B(1—p)](1+n) }1+p£)w—1)~

+1 — p+ Bpw "IBB
(1= B) (1= p)pr — w5 (1 p)) LT
Bl plo- D)@+ 2 Ui

I'(ng5)

Further manipulation makes it possible to simplify the polynomial as:

_ 14+ 8+ [+p(w-D)? _
F(nBB) = { —n((l _/6;) (T)_ ,6) (f—&—p w—1) BB

SLETITES) PN T IEEL) S
Note that:
P(#o0) = —oo,
ro) = —M <0,

') = n(1=0)pll+pw-1)]>0,

N 1-B[ltple 1)
F(ﬂ) = (1—p) 3 - <0.

Hence, the polynomial I' (7j5) has two roots: one between 0 and 1 and one between 1 and 3~
(uninteresting). Once the stable root g € (0,1) has been obtained by solving the quadratic
equation I' (gg) = 0, npp follows from (89). For 7m,pp to be positive, it must be g <

/6.(1—5%%, which is satisfied for plausible parameter values.
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Turning to the coefficients on ZP, we have:

0 = —1+n)14+pw—1)]ngzp —whppzp +w — 1,
0 = —[pw+BA—p)npozo +(1-0)pw—1)
+B81+ p(w—1)] (Mpopipze +NMpo200)

From which we obtain:

I Blw-1) (-0
bz (1+n){pw+B(1—p)—Bo[L+p(w— 1)} + Bwilpp’
nogzp = —(1+n) W,ﬁBZD + wT_l

Both these elasticities are positive for the parameter values we use.

Inspection of the results obtained thus far shows that the solutions for ngg, ngzp, Mpa,
and 7,p o are not affected by changes in the relative size of the two countries. Because ngp and
nppzp in equations (73)-(74) are equal to ngp and 7,0 40, respectively, the elasticity of aggregate
per capita net foreign assets to its past level and the elasticity of the permanent income differential
to the productivity differential are not affected by country size. This is so because ngp relates a
domestic variable to itself and 7,0 ;b relates a cross-country differential to another. By definition,
relative country size must be irrelevant for these elasticities. Instead, ngzp = (1 —a)ngzp and

NopB = nlhff imply that the elasticity of asset accumulation to the productivity differential and of

the permanent income differential to net foreign assets change with country size. The larger the
domestic economy (the closer a to 1), the smaller the elasticity of net assets to the productivity
differential. Intuitively, a productivity differential relative to a foreign economy of negligible size
(a — 1) has no effect on the home economy’s incentive to accumulate or decumulate assets. The
elasticity of the permanent income differential to net foreign assets is smaller the smaller the
home economy (the closer a to 0). If home is a small open economy (a — 0), a given productivity
differential relative to foreign causes a larger movement in domestic aggregate per capita net foreign
assets. To keep a given, desired smoothness of the consumption path following a larger reaction of
assets to the shock, 1,0 g must fall.

Given solutions for ngg, Ngzp, Mypp, and Npzp, it is easy to recover the other relevant
elasticity parameters from the equations in Section 4. In what follows, we assume that parameter
values are such that ngg, ngzp, N,pp, and n,pzo are all positive and w > 1. This is sufficient for
us to be able to sign most elasticities below.

The elasticities of the consumption differential to assets and relative productivity are, respec-
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tively:

p(1-10)
el >0,
NePB 6(1 _a) + Mo B
Nepzp = MNppzp > 0.

As for the real wage and relative price differentials:

l1—p
= — 0
NwP B 1 +p(w — 1)770DB >0,
1—p plw—1)
—_— ————>0
NwD zD 1+p(w_1)ncDZD+1+p(w_1) )
Ngppp = MNwpp >0, Nrppzp =MNypzp —1 <0.

(Plausible parameter values yield n,,0 ;0 < 1.) Finally, the elasticities of the employment and real
GDP differentials are:

nop = —wnuop <0, Npozp = —wn,pzp +w —1,

nyp = —(w—=1)n,0p<0, npzp=—(w—1)(M,pzp —1) > 0.

Given n,opzp <1, nrpzp >0 w(l —n,pzp) > 1, which holds for plausible parameter values.

C Determinacy of the Exchange Rate under Flexible Prices

The domestic and foreign interest rate rules can be written in anti-log form as:

T4+igr = yt (1+ W?PI)QQ 3T
% * | @2 * *
I+44 = Y 1(1‘*‘7%0”) &y €66 > 0.

(It is understood than £ and £* now denote levels rather than percentage deviations from the steady
state. Note that, for the interest rate rules to be consistent with the initial steady-state levels of
GDP, inflation, and the interest rate in both countries, it must be £ ; = E*,l = ﬂp%l, which we

assume satisfied.) It follows that the ratio of domestic to foreign interest rate must obey:

T+ a41 (&)al ( 1+ aSFI )azﬁ

1+t Yy L+afPl ) &
aq
- (y—) (1t ee &, (90)
Yy t

where the second equality follows from purchasing power parity.
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Under flexible prices, the real GDP ratio is exogenous to nominal exchange rate dynamics.
(03
Define uP = (5—1) ' g_;‘t‘ > 0. Combining (90) with UIP and making use of this definition yields the
t

equation for the rate of depreciation:

1 -+ €t+1 = (1 =+ 6t)a2 ’LLtL),
or:

1 pay
I14+e = (14 epq1)2 U? :

Taking logs of both sides, it is:
1 1 D
log (1+e;) = —log (14 er41) — —loguy . (91)
(6%) (6%)

We stress that equation (91) holds exactly. No approximation has been taken. Equation (91) is
a linear, forward-looking difference equation for the rate of depreciation of the domestic currency.
Given the initial level of the exchange rate £_1, uniqueness of the solution for the rate of depreciation
at all points in time is sufficient to ensure uniqueness of the solution for the level of the exchange

rate. Solving equation (91) forward yields:

1I\T © 1\ 5t
log (1+e) = Tlgréo (a_2> log (14 ety7) — ; (a_2> log uf, ;. (92)

Assuming a well-behaved forcing function logu?, as > 1 is sufficient to ensure that the
summation term in (92) is well defined. Nevertheless, as > 1 is not sufficient to ensure that
limp_, o0 <%2>T log (1 + exy7) is uniquely determined (in particular, that it is equal to zero).

Suppose the domestic currency is expected to appreciate by 100 percent between ¢t + 71 — 1
and ¢t + 1. That implies e;17 = —1. The logarithm of the gross rate of depreciation tends to —oo,
making the limit in (92) indeterminate. Would that be a rational equilibrium under the interest
rules we consider? If the domestic currency is expected to appreciate by 100 percent, UIP implies
a ratio of domestic to foreign gross interest rates equal to zero. Equation (90) implies that the
expectation would be validated by the interest rules, and it would actually be e;1 71 = —1, and so
on. In sum, ap > 1 is not sufficient to rule out self-fulfilling 100 percent movements of the exchange
rate.

Now recall PPP: P, = ¢, P;. If the domestic currency appreciates by 100 percent at any point
in time, it follows that ¢ equals zero at that date, the domestic price levels falls to zero (for given
foreign price level), and the foreign price level is diverging to infinity (for given domestic price

level). Under flexible prices, such movements have no effect on real variables. Hence, no optimality
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condition in real terms in violated. Money demand equations imply:

-
; Tg4+1 Ceh, M= %%C:Pt*.
If the foreign price level is shooting to infinity, it must be the case that the nominal quantity
of foreign currency in circulation is doing the same. But this equilibrium is ruled out by the
assumption that the foreign government is not willing to accommodate infinite nominal money
demand with infinite supply. A similar reasoning and the assumption that the home government
acts under a similar commitment rule out situations in which % appreciates by 100 percent.

Thus, the assumption that governments are committed to finite money supplies ensures that
lim7_ oo <O%>Tlog (1 + e417) = 0 and the solution for the rate of depreciation (with no approxi-

mation) is uniquely determined by:

o] 1 s+1
log (1+e¢) =— Z (—) log uf, . (93)

(0]
s=0 2

Because £_1 = 0 and ©?; = 1, equation (93) is identical to:

00 1 s+1
log (1+et) —log(l+e_1)=— Z <a_2> (logugrs - logﬂ?l) .
s=0

But log (1 +¢e;) —log(14+2-1) = dlog (1 +e¢;) = dl(f;tl = de; = ¢ — €1 for sufficiently small
deviations from the initial steady state. Also, loguf, ; —logu?; = dloguf, , = a1yf, +§tD+S (where
¢P is now in percentage deviations from the steady state). Thus, given the initial level £_; the

path of the exchange rate is uniquely determined by:

€ = € —i<i>s+l (aryfs + €25) (94)
t t—1 2\ ay 1Yi+s t+s)
The root on the unit circle in the characteristic equation for (75) shows up in the presence of a
unit root in the level of the exchange rate. We can verify that making use of the assumption
§£r5 = u&ﬂs_l, 0 < u <1, and the results for y , into (94) returns the undetermined coefficients
solution of Section 4 for the exchange rate.

. o (1D . D D .
Start from considering the term » 7, <Q—2> §trs Using £ = péyh g1, we obtain:

< /1) R s 1
S edeE ) e w

a —
s=0 s=0 2 r
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. 1 s+1 .
Now consider the term y o2, (a—2> aryD . Tt is:

D _ D
Yits = nyDBBtJrS + NyD zD Zt+s>
_ D
Bivrs = mppBirs—1+npzpliis 1,
D _
Zt+s - ¢Zt+s 1

Given an initial level By, the equation for B; s implies:

s—1
Btt+s = 1Bt + npzp ZUB ;2
v=0
Hence, using Z5, = ¢ZP., | and the result 577 (=2 v_lmg : in the general case in which
) € Lo = PLity—1 v=0\71gg /) 1,# g
¢ # npp, we obtain:
s—1
Bivs = nhpBi+npznZl ZWSBTBP%U
v=0
D
= 3B+ npzoNEE L < )
BB Z BB
¢S
= USBBBt+7IBZD ¢
Thus, we can write:
o8] s+1
1 D
Z (a_> Q1Ytts
s=0 2
Oél o0 1 S D o0 ¢ S
= — D — | Bgys +nypzn”Z -
o 2 (5) B w22 ()
S
o nyDBBtZs 0(%&)

a4 [ :BBJBQZ;D > oo <a2>s (Mg — %) +mypzp 322 (,%)s] zp

_ oanypp B, + o1 [(e2 —1pgR) NybzD + UyDBUBZD]
= ———B;

D
a2 — 1R (a2 — @) (a2 —mpp) s (96)

Combining equation (94) with results (95) and (96) returns equation (80).
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Table 1. The sticky-price solution

ETA xx

0.9944
0.0008
-0.0074
0.0096
-0.0004
0.0044
-0.0312

ETA xz

phi=0
0.0076
-0.0093
1.3686
-0.4464
0.0156
-0.0035
-0.2483

ETA yx

0.003
0.011

ETA yz
phi=0

-0.0871
0.0002

[eNeoNoNoNeoN el

mu=0

-0.0435
-0.6131

0.7104
-0.2647
-0.0891
-0.0084

1.4235

o

mu=0

-0.1674
-0.0013

[eNeolNoNeoNeNoNol

phi= .5

0.0115
-0.0217
1.3002
-0.4206
0.0241
-0.0053
0.5182

o
o

phi= .5

-0.1421
0.0008

0.3261
-0.4017
-5.3284

1.9855

0.6686

0.063
-10.676

-0.0498
-0.9067

0.8265
-0.3088
-0.1035
-0.0193

4.1245

1.2554
0.0098

-0.389
-0.0029

[eNeolNoNolNoNelNoel
OO OO0 O0OOo

phi=.75mu =.75

0.0157 -0.0458
-0.0407 -1.2165
1.2208 0.7777
-0.3902 -0.2919
0.0339 -0.0972
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Figure 1. The dollar and the U.S. current account
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Figure 2. Net foreign assets, productivity shock
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Figure 3. Exchange rate, productivity shock
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Figure 4. GDP differential, productivity shock
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Figure 5. Rate of depreciation, productivity shock
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Figure 6. Productivity shock, no persistence
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Figure 7. Productivity shock, no persistence,
omega = 4
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Figure 8. Exchange rate, interest rate shock
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Figure 9. Rate of depreciation, interest rate
shock
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Figure 10.Impulse responses, productivity shock, sticky prices
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Figure 10, continued
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Figure 10, continued

Q=.75

Impulse

responses to a shock in ZD

o 0.3 T T T T T T
2 H H ' H H H
<
- ' ' ' ' ' '
@
FSS S O S S
2 .
«
2
2 0.1
£
2
< 0
=} ' ' . . ' '
«© ' ' ' ' '
>
o -0.1 - - - R T I
° . . . . .
c ' ' ' ' '
o
© -0.2 - - - L T T LT S
o ' ' ' ' '
a
' ' ' ' '
-0.3 - - e e o
T T ' ' '
' ' ' ' ' '
0.4 . . . . R .
0 5 10 15 20 25 30 35 40
Years after shock

Impulse responses to a shock in ZD

Impulse responses to a shock in ZD

' v
' '
T T
' '
B
' '
- e -
' '
- e - g
' '
. e -
' '
. e -

2 2.5 3 3.5
Years after shock

Impulse responses to a shock in ZD

L4 T T H— H— H— T 01 T
' ' ' ' ' ' ' ' ' '
e e e e e e g e e -
' ' ' ' ' '
T it
@ . . . . . . @
=) =)
1 51
£ T e e et £
£ . . . . . . &
k<t \ \ . . . . k<t
§ i §
< ' ' ' ' ' ' <t
a n T n T T T T o
' ' ' ' ' '
e e i e e e e e e e -
' ' ' ' ' ' ' ' '
0.4 . . . . . . . . .
0 0.5 1 15 2 25 3 35 4 4.5 5
Years after shock
Impulse responses to a shock in ZD x10°
1.6 T T T T T T T T T 25 T
' ' ' ' ' ' '
B T BRI
' ' ' ' ' '
L
2 . . . ' . . ]
% B B B B B B %1'5---'--
£ R T S T e '
& . . . . . . g .
i} B B B B B B 8 1fF - - - -
§ e § 0
£ . . . . ' ' = '
o oS T T T Q05F - - - -
' ' ' ' ' ' '
- .
0.2 . . . . . . . . . 0 L
0 0.5 1 15 2 25 3 35 4 4.5 5 0 1

Years after shock

e e em e e e e e
' ' ' ' '
' ' ' ' '
' ' ' ' '
e M e em e e e e = e
' ' ' ' '
' ' ' ' '
' ' ' ' '
B L T T B P
' ' ' ' '
' ' ' ' '
' ' ' ' '
s s s s s
3 4 5 6 7

Years after shock

10



Figure 10, continued
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Figure 11.Impulse responses, interest rate shock, sticky prices
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Figure 11, continued
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Figure 11, continued
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Figure 11, continued
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