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In this paper we develop a general equilibrium model of exchange rates where expectations of
future variables directly affect the current exchange rate through an "asset-market" term. This term, which
results from the assumptions of incomplete asset markets and segmented product markets, does not
appear in most models of exchange rates and it allows for changes in expectations about variables at t+1
to affect the date-t exchange rates without requiring changes in other contemporaneous variables.
Therefore, the model has the potential to deliver changes in exchange rates, resulting from rational
speculation, without much change in consumption allocations or goods' prices, making it consistent with
the common view that exchange rates behave like asset prices.

To implement the idea that exchange rates respond to expectations about future economic
conditions, we introduce a regime variable governing the covariance structure of shocks to productivity
and money growth in each country. Changes in the information variable are intended to generate changes
in home and foreign agents' perceptions of the relative risks of holding the nominal asset. The model is
roughly consistent with the common view that exchange rates behave like asset prices. However, it does
not generate a sufficient degree of rational speculation to explain either observed variation of risk premia
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1 Introduction

The purpose of this paper is to propose a new approach to explaining ex-
change rates and to implement this approach within a specific model. A new
approach is needed because old approaches have failed:

(1) Purchasing power parity performs miserably, so it cannot play any
key role in a satisfactory explanation of exchange rates.

(2) The pioneering work of Richard Meese and Ken Rogoff two decades
ago has held up remarkably well: with minor caveats, a simple random-walk
model of exchange rates forecasts as well or better than alternative statistical
models or statistical implementations of existing economic models.

(3) Exchange rates fail to follow the strong cyclical patterns predicted
by most models in which the same shocks (whether monetary or real) drive
both business cycles and exchange rates. Standard exchange-rate models
based on sticky prices and monetary shocks can generate exchange-rate move-
ments but typically predict a strong relationship between exchange rates and
cross-country ratios of GDPs. A monetary shock simultaneously raises do-
mestic real GDP (by more than it raises foreign GDP) and creates (tem-

* This is a preliminary version. The views expressed in this paper are those of the
authors and not necessarily represent those of the Federal Reserve Bank of Richmond or
the Federal Reserve System.



porary) depreciation of home currency. Consequently, these models almost
generically predict a strong positive correlation between depreciations and
(relative) business-cycle booms.! However, the data show almost no rela-
tionship of any kind between exchange rates and ratios of business cycles.?
Chari, Kehoe, and McGrattan (2000), for example, develop a sophisticated,
quantitative (calibrated) model of exchange rates based on monetary shocks
operating through sticky prices. While their model succeeds well in match-
ing many features of the data, it predicts a strongly counterfactual relation
between exchange rates and international ratios of (detrended) GDP. DGE
models based on technology shocks have the same kind of problem. A model
that tries to generate both business cycles and exchange-rate changes with
technology shocks almost invariably implies counterfactual correlations be-
tween exchange rates and business cycles.?

(4) As Flood and Rose have elegantly documented, the exchange rate
appears to have “a life of its own,” disconnected from other macroeconomic
variables. Like stock prices or other asset prices, exchange rates show little
relation to current or past macroeconomic variables or international-trade
variables. The new approach we suggest in this paper is intended to address
this puzzling fact.

(5) Practitioners in foreign-exchange markets typically believe that large
exchange-rate swings are not justified by fundamentals. Most attribute those
swings to speculation. Speculation in foreign exchange markets involves sales
or purchases of interest-bearing assets denominated in some currency (with
opposite transactions in assets denominated in another currency). When
speculators sell yen-denominated assets to buy Euro-denominated assets, in-
terest rates rise on yen-denominated assets and fall on Euro-denominated as-
sets. These interest-rate changes can be interpreted as representing changes
in risk premia. (Although the nominal return on a short-term treasury bill

1Some models, such as Obstfeld and Rogoff, 1995, do not have that implication for
GDP, but have corresonding implications involving consumption.

2See Stockman (1998). Leonard and Stockman (forthcoming 2001) documents the joint
statistical behavior of exchange rates and GDP-ratios in a nonparametric framework.

3These are far from the only serious criticisms of standard exchange-rate models. For
example, identification of monetary shocks, like identification of technology shocks, poses a
key problem for models of exchange rates as well as models of business cycles. Sticky-price
models based on monetary shocks must confront the persistence puzzle: the problem that
half-lives of exchange rates (even when statistically detrended in ways that reduce their
half-lives!) are far longer than half-lives of business cycles (while the models imply that
they should be about the same).



may be riskless, its real return is not.)

Risk premia on forward foreign-exchange markets are highly variable. Un-
like exchange rates, evidence suggests that they have predictable components
and are strongly correlated with expected changes in exchange rates.! Per-
haps participants on foreign exchange markets have rational expectations and
the compensation that they require for bearing risk corresponds to standard
finance models (e.g. Hodrick, 1987). Or, perhaps, foreign exchange markets
are dominated by noise traders or other irrational speculators (e.g. Krug-
man, 1989, or Krugman and Miller, 1993) whose actions implicitly reflect
changes in risk premia that have little to do with those models. Regardless,
the variation in implied risk premia is substantial.

We propose a new approach that focuses on effects of speculation - per-
haps rationally reflecting new information or perhaps “irrationally” exu-
berant or fearful - and the resulting changes in risk premia by combining
(a) the old idea that exchange rates are determined in asset markets with
(b) macroeconomic models that incorporate international segmentation in
product markets as in Dumas (1992), Sercu, Uppal, and van Hulle (1995),
Ohanian and Stockman (1997), Sercu and Uppal (2000), and Obstfeld and
Rogoff (2000). Loosely, this segmentation eliminates the “marginal rate
of substitution equals relative price” conditions that would otherwise bind
real exchange rates to contemporaneous product market conditions. Conse-
quently, it allows asset markets to determine the (expected) growth rate of
the exchange rate (through a forward-looking stochastic difference equation).
Asset markets alone, however, do not tie down the level of the exchange rate
path; that depends on other features of the model, including the possibil-
ity of future product-market arbitrage (which puts endpoint restrictions on

4Backus, Gregory, and Telmer (1993) estimated that standard deviations of the pre-
dictable components of the excess return from currency speculation, interpretable as risk
premia average about 0.7% to 0.8% per month, and we have updates of their work Updat-
ing their results through 2000 produces similar (and slightly higher) standard deviations
estimates of variability in risk premia. Similarly updated estimates show that the forward-
premium puzzle is alive and well, implying (by Fama’s argument) a strong negative corre-
lation between the risk premium and the expected change in the exchange rate (expected
depreciation), implying that currencies perceived to be riskier than others are more likely
to be expected to appreciate. This strong relation between the risk premium and expected
depreciation contrasts markedly the absence of relationships between exchange rates and
other macro variables that Flood and Rose document, and the predictability of the risk
premium contrasts markedly with the lack of much predictability of exchange rates by the
variables that standard models suggest.



the forward-looking difference equation) and wealth effects of exchange rate
changes (operating through household wealth constraints) that affect the
marginal utilities that play the role of “parameters” in the difference equa-
tion. While traditional macroeconomic forcing variables, such as monetary
shocks and productivity shocks, can (and must) play roles in the model, this
framework naturally focuses attention on changes in expectations.

The idea that speculation plays a key role in exchange-rate volatility is, of
course, not new. Krugman (1989) and Krugman and Miller (1993), for exam-
ple, have stressed the role speculation in exchange-rate behavior.® Krugman
and Miller, for example, argue that “the real-world case for exchange-rate
stabilization has always rested on fears of excessive speculation, not on the
microeconomic concerns of the optimal-currency-area approach.” Assuming
an exchange-rate equation of the form,

s =m+uv+[E(ds)/dt — §5],

where s and m denote the exchange rate and the money supply, v is a shift
factor, and [ is a term that reflects the foreign-exchange risk premium, they
discuss a “decision by... investors to shift from domestic- to foreign- cur-
rency assets.” An exogenous change in the risk premium, in their discussion,
is associated with the (non-rational) behavior of “stop-loss” traders. A sud-
den decision by these traders to sell a currency — represented by a fall in
the risk premium ( , causes an abrupt depreciation. Although Krugman
and Miller characterize speculation as “irrational,” their argument and the
equations they use to explain it apply equally to “rational” speculation that
reflects new information relevant to the size of the risk premium. Missing
from their analysis, however, is a full general-equilibrium model to justify
their exchange-rate equation and to explain how the model avoids either
(a) constraints on the exchange rate imposed by product-market equilibrium
(such as equalities between marginal rates of substitution and relative prices
involving the exchange rate), or (b) effects of exchange-rate changes on other
macroeconomic variables (so that the extra exchange-rate volatility under a
floating-rate system, relative to a fixed-rate system, does not translate into
systematically higher volatility in macroeconomic and trade variables). That

50f course, the idea that exchange rates reflect expectations about future fundamentals
is commonplace in exchange-rate models, and goes back at least to the more sophisticated
monetary models of exchange rates in the 1970s, such as Robert J. Hodrick, (19787) and
to Rudiger Dornbusch’s famous overshooting model.



is, the model must be consistent with both sides of what Obstfeld and Rogoff
(2000) term the “exchange-rate disconnect puzzle.” The approach we outline
and implement in this paper involves the same solution that Obstfeld and
Rogoff suggest: arbitrage costs that segment product markets.’

Our motivation for focusing on speculation derives from both casual ob-
servation evidence and statistical evidence. Within two years after the Euro
was introduced in January 1999 with high expectations and great fanfare, it
had lost 30 percent of its value against the U.S. dollar. The Euro fell from
$1.18 in January 1999 to less than $0.83 in October 2000, before rising again
to $0.95 three months later, in January 2001. Other seemingly inexplicable
changes in exchange rates are almost daily occurrences. From 1991 to 1995,
the Japanese yen rose in value from 130 yen per U.S. dollar to less than 90 in
1995, then fell to more than 140 yen per dollar in 1998 before rising to 101
in December 1999 and then falling to almost 120 by March, 2001. Is there a
reasonable explanation of such episodes that does not rely upon speculation?

Standard models of exchange rates, however, preclude changes in spec-
ulators’ perceptions of risk from playing any major role in explaining ex-
change rates. Models derived from individual optimization typically involve
optimization conditions that equate the real exchange rate (defined as the
relative price of foreign to domestic goods) with a marginal rate of substi-
tution. In fact, that condition played the central role in the equilibrium
approach to exchange rates proposed in Stockman (1980) and developed in
Lucas (1982), and Svensson (1985).” Similar conditions have appeared more

0Krugman and Miller (1993) raise and attempt to answer the objection that “in ex-
change markets,... exchange rates are ultimately tied down by macroeconomic factors.”
They point out that “even in Mundell-Fleming models, currency depreciation raises money
demand via a rise in net exports that produces an economic expansion. Does this not pre-
vent the exchange rate from moving drastically because of selling by a relatively small
group of investors? Our answer would be that in practice, the combination of sticky prices
and lags in the responsive trade flows to relative prices means that any macroeconomic
anchor to the exchange rate is on a very long chain. If the rate moves to a basically crazy
level, this will eventually become apparent, but ‘eventually’ may mean several years.”
Their answer, however, basically introduces lags (in price adjustment and other behav-
iors) into the analysis, but does not necessarily save it from the Flood-Rose critique: that
macroeconomic fundamentals (even with a lag) are vastly less volatile than exchange rates.
The model we propose in this paper divorces (partially) the exchange rate from macro-
economic variables not only through sticky prices and pricing-to-market, but also through
product market segmentation that replaces the “lags” that Krugman and Miller postulate,
while leaving open the possibility or surviving the Flood-Rose critique.

" Also see Stockman (1987).



recently in other models. For example, the Obstfeld and Rogoff (1995) model
has producers equate the marginal rate of substitution in production between
foreign and domestic inputs with the relative price of those inputs, which in-
volves only the exchange rate and predetermined nominal input prices. In a
complete-markets model that implements the first-best allocation, that kind
of equation (evaluated at the first-best allocation) completely determines the
exchange rate, precluding any effects of speculation. In models with incom-
plete markets, that equation — while not fully determining the exchange rate
— nevertheless ties it closely to other macroeconomic variables and severely
reduces the scope for speculative effects. In the Obstfeld and Rogoff model,
for example, that equation generates a tight relationship between exchange
rates and cross-country ratios of consumption.

Substantial evidence has made it clear that these equations are grossly
at variance with the data. Any good theoretical explanation of exchange
rates must find a way to avoid these conditions. Two strands of recent lit-
erature can help accomplish this goal: (1) pricing to market, which removes
the exchange rate from its role in the relative price that appears in the op-
timization condition (Betts and Devereux, 1996); and (2) product-market
segmentation along the lines of Dumas (1992), Sercu, Uppal, and van Hulle
(1995), Ohanian and Stockman (1997), Sercu and Uppal (2000), and Obst-
feld and Rogoff (2000). Breaking the strong link between product markets
and exchange rates (in one or both of these ways) opens the possibility for
speculative activities on asset markets to play a key role in exchange-rate de-
termination. While models based on shocks to macroeconomic fundamentals
must essentially ignore the Flood-Rose critique (or exchange-rate disconnect
puzzle), a focus on information shocks and speculation raises the possibility
of explaining that disconnect.

This paper implements these ideas by examining a stochastic two-country
general-equilibrium model with monopolistic competition and sticky prices,
along the lines of Svensson and Wijnbergen (1989), Obstfeld and Rogoff
(1995), Betts and Devereux (1996), and Chari, Kehoe, and McGrattan (2000),
and by adding an information variable that generates “rational” speculation.
We address the question of whether rational speculation when introduced
into such a model, can generate changes in risk premia and exchange rates
that match the data.



2 The Model

The world economy consists of two countries, denominated home and foreign,
each specialized in the production of a composite traded good. We assume
that the two markets for final products are segmented. For simplicity, we
consider an extreme version of the incomplete-markets model in Ohanian
and Stockman (1997), which combined the iceberg-cost model of segmenta-
tion (Sercu and Uppal, 2000) with shifts in risk premia. The extreme case
we analyze here involves complete segmentation of markets for final prod-
ucts, as in Betts and Devereux (1996), and Chari, Kehoe, and McGrattan
(2000).% This segmentation allows expectations about period ¢ + 1 variables
to affect exchange rates at period ¢ directly, aside from any interest-rate ef-
fects on money-demand . In our model, new information that affects the
risk premium can induce a change in the period-t exchange rate without, in
principle, creating large changes in period-t macroeconomic variables.

Both countries are subject to shocks to productivity levels and to growth
rates of money supplies. The processes for these exogenous shocks, described
below, depend on the realization of an information, or regime, variable. In
what follows, we describe the home country’s economy. The foreign country’s
economy has an identical structure, with all foreign variables denoted by an
*.

2.1 Households

Preferences. The lifetime expected utility of the home representative house-

hold is
= M,
Zﬁtu (Ct: g, ?t>
t=0 t

where Ej denotes the mathematical expectation conditional on information
available in period t = 0, 8 € (0,1) is the discount rate, and u is the mo-
mentary utility function, assumed to be concave and twice continuously dif-
ferentiable. The household’s instantaneous utility depends positively on ¢,
an index of consumption to be defined below,and real money balances, %’5,
where M; is nominal balances held at the beginning of period ¢ and F; is a

Ut:EO

8In ongoing work, we are examining a related model with iceberg costs of arbitraging
product markets across countries.



consumption price index for period ¢. Instantaneous utility depends nega-
tively on labor effort, I;.

Consumption and Price Indexes. There is a continuum of domestic
goods indexed by i € [0,1] and a continuum of foreign goods indexed by
j € [0, 1], which are imperfect substitutes in consumption. Let the composite
goods cp ¢ and ¢y be defined as

Cht = (/ cht (1) d@') and cyy = (/ cre(4) 7 dj) , 0>0,
0 0

where ¢, ¢ (i) and ¢s; (j) denote date ¢ domestic consumption of the home and
the foreign goods of types ¢ and j, respectively and 6 denotes the elasticity
of substitution between any two goods produced in the same location.

The consumption index ¢; is defined as

1 =1 ;. a=1
Ct =

wic,; +(1—w)v ey ]7_ ,v>0and w € (0,1), (1)

where the parameter v represents the elasticity of substitution between the
two composite goods, ¢+ and ¢y, and the weight w determines the house-
hold’s bias for the domestic composite good.

Let Py (i) and Py (j) be the home-currency prices of the home and for-
eign goods of types i and j, respectively. Given these prices, the consumption-
based money price index P, is defined by

P=[wh, "+ (1 —w) P77 (2)

where the price indexes P, ; and Py, for each composite good are given by”

! 1-6 ﬁ ! 1—60 tlo
Ph,t = (/ Ph,t (Z) h dZ) and Pf,t = (/ Pf,t (Z) B dZ) .
0 0

9The price indexes P, Py, and Py are defined as the minimum expenditure necessary
to buy one unit of composite goods ¢, cx, and cy, respectively, taking as given the prices
for individual goods Py (¢) and Py (j), 4, j € [0, 1]. For example, P is the value of

min Ppcp + Prey

Ch,Cf
Jie
. 1 o=t 1 a=Ll]~v-t .
subject to ¢ = |w7¢,” +(1—w)7¢,” =1, for given P and Py.



Taking prices for all individual goods as given, each period the consumer
allocates optimally a given level of total consumption among the differenti-
ated goods. This allocation problem yields the demand functions'’

o (B (B

vo-ua(l) (B

Household’s Budget Constraint. Home and foreign households can trade
nominally riskless discount bonds denominated in home and foreign curren-
cies. Let @Q); denote the time ¢ price (in home currency units) of one discount
bond paying with certainty one unit of home currency at ¢ + 1, and let By,
denote the number of these bonds held by the home household between time
t and t + 1. Similarly, let Q); denote the time ¢ price (in foreign currency
units) of one discount bond paying with certainty one unit of foreign currency
at t + 1 and let D;.; denote the number of these bonds held by the home
household between time ¢ and ¢ + 1. To rule out equilibria which admit un-
bounded borrowing, or Ponzi schemes, we impose exogenous upper bounds,
a; and a}, on the number of one-period bonds that a household can issue.!!

and

10Formally, the problem

. 2=t 1 o=t |~-t
maxc= |wic,” +(1—-w)7¢;”
ChyCf

subject to Pycp, + Prcy = Z, yields demand functions for ¢;, and ¢y that depend on ¢ and
the price ratios P% and P% , respectively. The problem

1 0—1 7T
maxcy = / ep ()77 di
cn (i) 0

subject to [ ¢y, (i) Py (i) di = Z, and the analogous problem for foreign goods, yields de-
mand functions for each differentiated good as a function of consumption of the composite
good and the ratio of composite and individual good prices.

1The borrowing constraint is time dependent, reflecting the fact that the model is non-
stationary. We assume the borrowing constraint to be constant in the stationary version
of the model.



The household’s intertemporal budget constraint, in units of home cur-
rency, is

Py + My + QB+ Qi Dy < Powdy + My 1+ B+ e, D+ 11, + BT, (5)

where T; denotes real transfers paid from the domestic government (which
can be negative in the case of taxes), II; represents profits of domestic firms
(which we assume to be owned by the domestic household) and P,wl; rep-
resents nominal labor earnings.

Summarizing, the household’s optimization problem is described by

> M,
St (i)
t=0 t

max Fy
ct,lt,Byy1, My

(6)

subject to
Piey+ M+ Q¢ Biy1 +e:Qi Diyy < Pawgly+ M1+ Bi+e. Dy +11,+ PT;, vt > 0

Bit1 > —a;, Vi >0
_DtJrl > —CL:, Vit Z 0

By, Dy and M_; given.

2.2 Firms and Market Structure

The production function for each intermediate good i is given by 2z, F' (; (4)),
where [ (i) represents labor input, z; is an aggregate (country-specific) pro-
ductivity shock and F' is a production function displaying decreasing returns
to scale. Because all goods are imperfect substitutes in consumption, each
individual firm has some market power determined by the parameter 6.

We assume that, due to high costs of arbitrage to consumers, each indi-
vidual monopolist can price-discriminate across countries. Furthermore, we
assume pricing-to-market: that firms set prices (separately) in the currencies
of each set of buyers.!? Finally, we assume that prices must be set one period
in advance and cannot be revised until the following period. Thus, the home
monopolist sets P, (i) and Py, (i) optimally at the end of period ¢ — 1, and
these prices cannot be changed during period t.

12See Devereux (1997) for a discussion of evidence on pricing-to-market.

10



The price setting problem of monopolist ¢ is then to maximize expected
profits conditional on ¢ —1 information, by choosing Py, (i) and Py, (i). That
is, firm ¢ solves

B3 Eiy [p L (2)] (7)
subject to z.F (I; (i) = cpy (1) + ¢, (4) and the downward sloping demand
functions for ¢ (7) and ¢}, , (7). The term p, denotes the pricing kernel used
to value date ¢ profits, which are random as of ¢ — 1.13

Date t profits of monopolist i (in home currency units), I, (z), are given
by:

IL; (i) = P (i) e (i) 4 ePyy (1) ¢y (i) — Prwely (3)
where w; denotes real wages in units of consumption good c¢. Note that
Py, (i) and P}, (i) are denominated in units of home and foreign currency,
respectively. The country’s nominal exchange rate in period ¢, e;, converts
the revenues from sales in the foreign country into home currency.

2.3 Government

The government issues the local currency, has no expenditures and runs a
balanced budget every period. Therefore, nominal transfers are given by

BTy = My — M.
The domestic money stock evolves according to
MP = (1+g1) M4,

where ¢; is a random variable to be described later.

3 Bond Markets, FX Markets, and Risk Pre-

mia

Note that bond markets do not determine exchange rates through an interest-
parity condition. Indeed, while covered interest parity is an arbitrage con-
dition, uncovered interest parity typically would not hold in our model. In-
stead, the exchange rate equation follows from the optimality conditions of

13Because all firms are owned by the representative consumer, it follows that in equilib-

. P, _ . . . . . .
rium p; equals 3—~ —=L the intertemporal marginal rate of substitution in consumption
t w1 P

between periods ¢ — 1 and t.

11



households, with different intertemporal consumption profiles, for holding
the same nominal bonds.

To see these connections, rewrite the first-order conditions for bonds and
the exchange rate equation as

Qi > BE; [Aey1] (8)
and . N
Qtﬁ > BE; { tH} ; 9)
€t €t+1

where \; represents the nominal marginal utility of consumption of the home
household, "‘1;(:), and \; is the analogous term for the foreign household.
Similar conditions for foreign bond holdings are

etQi At > BE; [err1 41 (10)

and
QIN; > BE; [My4] - (11)

Note that equation (8) or equation (9) holds with equality when the
household is not borrowing-constrained. Because there is no upper bound
on the quantity of home bonds that can be purchased, and this asset has
zero net supply worldwide, it follows that at all times at least one of the
two households is not borrowing constrained. Therefore, at least one of the
above equations always holds with equality, allowing us to always determine
the bond price, ;. A similar argument applies to @} and equations (10) and
(11).

Using (10) and (11), and assuming interior solutions, we obtain the fol-
lowing expression for the nominal exchange rate

- )\_:Et leri1 A1)

R (12)

€t

Eilesr1der1] _ Ei[hiqa]

RV R BV
et 41
Note that the nominal exchange rate depends explicitly on expectations

about future variables. Moreover, this dependence reflects more than the
usual effects of expectations operating through nominal interest rates on the
demand for money (as in “monetary models” of exchange rates). This feature
of the model results from the combination of asset-market incompleteness

The first-order conditions above also imply

12



and product market segmentation in the model. If the model were to include
a complete set of state-contingent nominal assets (as in Sercu and Uppal,

2000), then the nominal exchange rate would be determined every period
P, Ui,

marginal utilities of consumption across countries every period. If product
markets were not segmented, then the equilibrium nominal exchange rate
would then satisfy the law of one price (for the final consumption good) each
period (and would be fully determined by the equilibrium in product mar-
kets). The combination of asset market incompleteness and product market
segmentation implies that the nominal exchange rate is determined (partly)
by international trade in nominal bonds, and therefore depends on expecta-
tions of future variables.

The forward exchange rate, f;, must satisfy covered interest parity (which
is a no-arbitrage condition):

fo_ Q¢

e Qi
Equations (8) and (10) imply that the forward price of foreign exchange is

by the optimal risk-sharing condition e; = which equalizes nominal

= E, [6t+1)\t+1]
! By [As41]

Defining the risk premium on foreign assets from the perspective of home
households as rp; = f; — F [e441], it follows that

cov (er41, Adet1)

TP = :
" TR DG
and (12) can be rewritten as
Al By [Ae]
=St SR R .
€t N E, [)\2(+1:| (rpe ¢ lecta])

This expression shows that the exchange rate depends on the home house-
hold’s perception of the relative risk of holding the two nominal assets, rp;.
It also shows that changes in the risk premium cause changes in the exchange
rate. Moreover, new information that leads households to revise their per-
ceptions of risk can affect the exchange rate without, in principle, affecting
(much) current macroeconomic variables. That observation is the source for

13



optimism that an approach to exchange rates based on speculation can avoid
what Obstfeld and Rogoff (2000) term the exchange-rate-disconnect puzzle.

The measured size of variation in the risk premium, while large, is smaller
than variation in exchange rates themselves. Estimates of standard devia-
tions of U.S. dollar risk premia from Backus, Gregory, and Telmer (1993)
range from 0.36 percent per month against the Canadian dollar to 0.93 per-
cent per month against the British pound, with a mean standard deviation of
0.70 percent per month and a median of 0.78. These high standard deviations
generate large expected returns to speculators. The simple foreign-exchange
investment strategy discussed by Backus, Gregory, and Telmer, based solely
upon the sign of the forward premium, (f, — e;)/e;, yields Sharpe ratios (ra-
tios of mean returns to standard deviations of returns) ranging from 0.17 to
0.29, significantly higher than Sharpe ratios of around 0.14 for investments
in the stock market. Using a sample of data on forward and spot exchange
rates for France, Germany, Japan, Switzerland, and the UK, against the U.S.
dollar, from June 1973 through December 2000, we calculate that standard
deviations of predictable excess returns - using only lagged forward premia
for predictions - range from 0.63 percent per month against the Japanese
yen to 0.90 percent per month against the Swiss franc, with a mean of 0.76
percent per month and a median of 0.80. The first-order stochastic difference
equation for the exchange rate generated by the model has the potential to
amplify this variation in risk premia, depending on how the other terms in
that equation covary with the risk premium. Apparently, some amplification
of this variability will be essential for a successful explanation of exchange-
rate variability based on changes in speculators’ perceptions of risk.

3.1 Generating Changes in Risk Premia

To implement the idea that exchange rates respond to changes in asset market
conditions (that is, to changes in rp) we introduce an information variable,
), that affects rp;, that is, the household’s perception of the relative risk
of holding the two assets. For simplicity, we assume that this information
variable takes two possible values and therefore induces two possible levels
of the risk premium.

One might be tempted to model changes in the risk premia via changes in
the cross-country covariance of monetary shocks. However, changes in that
covariance cannot generate changes in the foreign-exchange risk premium.
To see why, suppose we define the two regimes such that cov (m;, m}) > 0 if

14



=1 and cov (m, m;) < 0 if £, = 2.
Consider a change in €2, from 1 to 2. Because this raises the variability of

the exchange rate, we expect both cov (A¢y1, €111) and cov ()\;" 1 ﬁ) to rise.

Foreign assets then become relatively riskier to home households (because
they tend to give a higher return when marginal utility of consumption is
lower) while home assets also become more risky to the foreign household.*
This increase in the foreign exchange risk premium translates directly into
a reduction of the right hand side of equations (9) and (10)'’: in the new
regime, next period’s benefit from holding the other country’s bond is lower
than in the previous regime.

However, equations (11) and (10) - home and foreign households’ first-
order conditions for foreign bonds - show that the expected benefit of holding
the foreign bond falls only for the home household. That household would
be willing to hold the foreign bond only if the exchange rate falls. Similarly,
equations (9) and (8) - the first-order conditions for home bonds - imply that
the expected benefit of holding the home bond falls for foreign households
(and not domestic households). They would be willing to hold the home
bond in the new equilibrium only if the exchange rate rises.

Consequently, if the initial equilibrium in regime 1 is characterized by in-
terior solutions for bond holdings, then regime 2 cannot have such an interior
solution, as equations (8) to (11) cannot all hold with equality. This reflects
the fact that a change in cov (m;, m}) makes the home bond relatively less
risky to home households but relatively more risky to foreign households..

We conclude, therefore, that a regime shift in our model should affect all
households’ perception of the relative risk in the same direction. In other
words, a switch in regime must imply opposite effects in cov (Ar11, e41) and

cov ( 1> ?L) We therefore model regime shifts as changes in the covari-

ance between monetary shocks and productivity shocks within a country
(holding variances and cross-country covariances fixed). While the model
outlined above includes completely-predetermined nominal prices, shifts in

14 A positive money shock in the home country raises home consumption, reducing home
marginal utility, as it causes foreign-currency appreciation. As a result, foreign-currency
bonds become riskier to home households: they pay off well in these states of the world
- when home consumption is already high — but pay off poorly in the opposite states
(following negative home monetary shocks) in which home consumption is low.

15 Assuming that this change in regime does not affect the variables’ first moments, but
it only affects second moments.
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the within-country covariance of monetary and productivity shocks can change
risk premia only if prices are not completely predetermined. Consequently,
we modify the model so that prices are only partially preset. This corre-
sponds to a model in which a subset of firms can re-adjust nominal prices
after realizations of current shocks. Details appear in Appendix 1.

Each period, a realization of the regime variable 2, determines the co-
variance between shocks to productivity and the money supply within each
country. The variable §2; is perfectly observable by all households at the be-
ginning of period t. Because it is persistent, its realization affects the proba-
bility distribution of period’s t 4+ 1 variables, which in turn affect the current
exchange rate, e;. Ideally, we would like to model changes in the risk pre-
mium as reflecting information relevant to predicting a future regime shift.°
One could model this with an information variable that signals future shifts
in regime. However, for computational simplicity, the results reported below
abstract from a separate information variable; instead, the regime variable
conveys information about the future because it is persistent; consequently,
changes in regime affect the risk premia set in asset markets.!”

Below, we measure the effects on current nominal and real exchange rates
of a change in the information variable. In the numerical implementation,
we restrict agents to trade only the home bond, by setting D;,; = 0, Vt.
The particular relation between the information variable and the covariance
structure of productivity and money shocks that we study in this paper is
described in Section 5.

We focus on the symmetric and stationary equilibrium. That is, we fo-
cus on the equilibrium in which all firms located in the same country make
the same choices and the endogenous variables are stationary functions of
the current state of the world (to be defined below). To make the econ-
omy stationary, we deflate all nominal variables by the level of the relevant
money supply'® and restrict attention to Markov stochastic processes for all
exogenous shocks, z, z*, g, g*, and €.

The aggregate state of the world when the pricing decisions are made (be-
fore the realization of current shocks) is fully characterized by the realization

16Tn ongoing work, we are attempting to separate the information and regime variables.

17To the extent that a regime shift affects current allocations and other macroeconomic
variables, this modeling strategy reduces the ability of the model to replicate the facts of
the “exchange-rate disconnect puzzle.”

18The nominal exchange rate is deflated by the ratio of foreign to home money supplies.
Let nominal variables in the stationary model be denoted with a hat, 7.
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of the shocks in the previous period, A | = (z,l, 25 1,9-1,9% 1, Q,l) and by
the distribution of wealth between the two countries, B. Let s = ()\,1, ]§)

denote the aggregate state for the monopolists. Consumers make their choices
after the realization of current period shocks. Consequently, the relevant ag-
gregate state of the world for their decisions also includes these shocks; we
denote this state by s = (s, A).

A stationary and symmetric equilibrium for this economy is defined as a
collection of:

e optimal decision rules for the home and foreign consumers,'® [ (s°),
B’ (s°), M (s°), cp (5°), ¢f (s°) and similarly for the foreign consumer;

e optimal pricing rules for home and foreign firms, P, (s), P (s)** and
similarly for the foreign firm;

e equilibrium wage rates w (s¢), w* (s¢) and
e equilibrium bond price @ (s°) and nominal exchange rate e (s°)
that satisfy the following conditions:

i) consumers’ decision rules solve the consumers’ problem,

ii) firms’ pricing rules solve the firms’ problem and

iii) market clearing conditions for bond and money markets hold.?*

In this simplified version of the model, the Euler equations for the home
bond imply that

AE (A

e = AM (13)

V[

ett1
Let e;; denote the term ’/\\—’; in e; and let ey; denote the expectation term
—to - Note also that in this version of the model, f; cannot be determine
Eﬂi:ﬁ] Note also that in thi ion of the model, f, t be determined

et41

by covered interest parity. See Appendix 2 for a description of how the risk
premium is computed.

For notational simplicity, the hats will be omitted hereafter.

20Tn the symmetric equilibrium all firms located in the same country make the same
pricing decisions. We therefore drop the firm index.

21 Equilibrium in labor and goods markets was already imposed in the firm’s problem.
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4 Exchange Rate Level

The first-order stochastic difference equation (13) determines the relation
between the current level of the exchange rate and expectations of the future
exchange rate (interacting with other variables). The remainder of the model
interacts with this equation to determine the levels of current and future
exchange rates. A key factor in the remainder of the model involves the
relative wealth of the two countries at date ¢. (As noted above, with complete
markets, the ratio of expectations would drop out of equation (13), preventing
speculation in asset markets from influencing the exchange rate.)

The simplest way to understand this interaction between equation (13)
and the remainder of the model is to simplify the model by assuming, for the
moment, a very simple set of behavioral responses. In particular, consider
a two-period nonstochastic model, with ¢ = 1,2, for given initial conditions
By = —Bj # 0, My, and Mg, and terminal conditions By = B3 = 0.

The home representative household’s intertemporal budget constraint can
be rewritten as

Bi+ ¢ +Qpy =0

where
o, = Powely + My 1 + 11, + BTy — My — Picy,

and the intertemporal budget constraint for the foreign representative house-
hold can be rewritten as

Bl +e1¢7] + e2Qp; =0

where
op = Prwyly + My + 11, + BT — My — Pl

Assume that ¢,, ¢y, and @ are fixed, and approximate the exchange-rate
equation (13) by
€1 = @62, (14)

for some parameter ©. Although this simplified set of equations is nonsto-
chastic, we can loosely identify a change in the parameter © with a change
in the real risk of holding nominal bonds. Because the real return on a nom-
inal bond is proportional to the inverse of the inflation rate, an increase in
© corresponds to a rise in the risk premium. That is, it corresponds to an
increase in the risk of holding home-currency-denominated bonds (which, in
the complete model, is due to a rise in the covariance between the marginal
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utility of consumption and the inverse of the inflation rate). (An increase in
the parameter © can also be identified with a fall a risk of holding foreign
nominal bonds, since the model is symmetric in the two countries.) Such an
increase in home-currency risk (or fall in foreign-currency risk) requires an
offsetting increase in the rate of home-currency appreciation (or fall in the
rate of depreciation), i.e., an increase in O.

Solving for the exchange rate from the foreign intertemporal budget con-
straint and equation (14), and using the domestic budget constraint, we
obtain

ey = — (1 + Qypy)
Op] + Q3
and
e = —O(p; + QQOQ)‘
Op] + Q¢S

A rise in © affects the exchange rate in each period, raising it at ¢t = 1
and reducing it at ¢ = 2. If the home country is a net international creditor
at the beginning of the first period (implying that both the numerators and
the denominators in the exchange-rate expressions are positive), the extent
to which an increase in © reduces the future exchange rate is proportional to
the share of initial debt that the foreign country repays in the first period,

Ode; Oy
e2 dO  Oy; + Qb

so the change in the current exchange rate depends inversely on that share.

Extending the argument above to N > 2 periods, it is easy to see that the
longer the household’s horizon and the smaller the share of initial debt repaid
in the first period, the smaller the change in the future exchange rate and the
larger the change in the current exchange rate. Similarly, the longer-lasting
the change in risk, the larger the changes in future exchange rates and the
smaller the effect on the current exchange rate.

This simplified set of equations illustrates the interaction between the ef-
fects of the exchange-rate difference equation (13) and the rest of the model,
for which the exchange rate matters because it affects the value of nominal
debt in the households’ budget constraints (in particular, it affects the value
of domestic-currency debt in the foreign household’s budget constraint, and
foreign-currency debt in the home household’s constraint). The example also
shows incomplete markets are necessary to generate a unique equilibrium ex-
change rate (as mentioned earlier), because allocations would not depend on
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individual households’ budget constraints in a complete-market model; in-
stead, complete contingent securities would provide, on a state-by-state basis,
the resources to finance optimal allocations. Consequently, the exchange rate
would appear in the model only in the difference equation (13). While the
simplified set of equations can help illustrate these points, it relies on a very
loose approximation and ignores households’ optimal behavioral responses.
The next section returns to the more general model.

5 Calibration

We study the properties of this economy by approximating numerically the
stationary and symmetric equilibrium of the model. In this section we specify
the functional forms and the parameter values used in solving the model.
Our calibration assumes that the world economy is symmetric, implying that
both countries share the same specific functional forms and parameter values.
Moreover, we assume that each time period corresponds to one quarter.

Preferences. The momentary utility function is given by:

(e 2) = [ ()7

where 0 > 0,7 >0, ( € (0,1), and a € (0,1).

(1 - l)l—C] )

TABLE 1
Preference Parameters
B o n ¢ a g w
0.99 2 —1.56 | 0.32 0.73 1.5 0.85

The preference parameter values used are described in Table 1. See
Duarte (2000) for a discussion of these values.

Production function. We assume that each firm operates a decreasing
returns to scale production function F (1) = z{*. We set a equal to 2/3.
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Price setting. We used different values for the parameter A in equation
(17), which determines the degree to which firms can adjust their preset
prices, after uncertainty is resolved, to the prices that would occur in the
flexible price equilibrium. We will specify the value used when presenting
the results in the next section.

Exogenous shocks. The information variable, €2, is assumed to determine
the covariance between shocks to productivity and money growth in both
countries. This variable can take two values, Q! and Q?, and evolves accord-
ing to the symmetric Markov process with transition probabilities: m; = 7
and m;; =1 —m, 4,5 = 1,2. In our benchmark calibration, we set m = 0.9.

The vector of exogenous shocks to productivity and money growth rates,
st = (21, 27, g1, 97 ), follows the autoregressive process

S = Ast—l + &¢ (15)

where A is a (4 x 4) matrix of coefficients and &, ~ N (0, %;|€2;). Note that
the variance-covariance matrix 3;|€2, depends on the realization of the regime
variable in period ¢, {);. In particular,

2
g, 0 Ozg,t 0
2
1O, — 0 fopt 0 Oegnt
£l = 0 20
Uzg,t (Tg
0 Opegey 0 ag*
where ' .
oy Q=0
Ozgt = .
& oy if Q=02
and

oy if Q= Q!
Ozegr t = .
gt oy if Q=02

with o1 < o3.
In all the exercises in this paper we set

0.9825 0.0155 0 0
A 0.0155 0.9825 0 0
0 0 081 0

0 0 0 0381
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and 0, = 0, = 0.00675, and o4 = 04+ = 0.0114. These values are obtained
from estimating separately a bivariate autoregressive process for (z, z;') and
univariate autoregressive processes for g, and ¢g;. The bivariate autoregressive
process for (z;, z;') was estimated using estimated Solow residuals for the US
and Canada, while the univariate autoregressive processes for ¢; and g; where
estimated using US data for M1. See Duarte(2000) for a detailed description
of these regressions.

To completely specify the process in (15) we also need to assign values
to o1 and 05. We chose these two values such that the correlation between
the innovations to productivity and money growth shocks is —0.9 and +0.9,
respectively. With this choice for o7 and o5 we try to magnify the importance
of switches in regime in our results.

In the next section we investigate whether the information variable in-
troduced in the model can help explain movements in exchange rates. We
approximate numerically the stationary and symmetric equilibrium described
above by iterating on the mapping defined by the system of first-order con-
ditions of the problem. The algorithm requires that all first-order conditions
hold exactly on a discrete number of gridpoints defined over the state space.
We put 2 gridpoints on each exogenous shock, z,z* g, and g*. This was
accomplished by approximating with a discrete Markov chain the estimated
continuous autoregressive process in (15) under each possible realization of
the information variable using Tauchen and Hussey’s (1991) method. The
space for bond holdings was replaced by 11 gridpoints centered around 0,
with the two extreme gridpoints defined by the two household’s borrowing
constraints. The grid is not evenly spaced but, instead, is finer closer to the
extreme gridpoints.

6 Results

Impulse Response Functions to Money and Productivity Shocks.
We start this section by looking at the impulse response functions for both
shocks to the growth rate of money and productivity. In these figures, the
price adjustment parameter A\ was set equal to 0.5.

Figures la through 1c depict the impulse response functions to a shock
to the growth rate of money in the home country. In period ¢ = 2 the rate of
money growth rises by 1.975%, which corresponds roughly to 1.75 standard
deviations of o,.
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On impact, prices in the home country increase approximately 3% and the
nominal and real exchange rates depreciate approximately 7% and 3.7%, re-
spectively. Because in this period the home consumer needs to hold more real
money balances, home consumption rises approximately 3.8%. Accordingly,
also home output and labor rise, roughly 3.4% and 5.2%, respectively.??

This period, the shock to home money supply is transmitted to the for-
eign country only through the increased home demand for foreign goods.
Therefore also foreign consumption, labor, and output increase slightly in
period t = 2.

Finally, in period ¢ = 2 the home household also increases its average
bond holdings, in order to intertemporally substitute its temporary increase
in wealth. The long-run change in bond holdings is very small, implying that
this monetary shock does not generate relevant permanent wealth effects.?

One period after the shock, prices denominated in the home currency
adjust fully to their new long-run level, while the home money supply rises
gradually to its new long-run level. Because all firms are allowed to reset
prices in period ¢t = 3 and the path for the home money supply is known, all
real effects of the money shock die out after one period. Therefore, all real
variables (including the real exchange rate) return to their original level in
period t = 3.

We now turn to the productivity shock. Figures 2a through 2¢ depict the
impulse response functions to a 1.17% increase in home productivity (which
also corresponds to approximately 1.75 standard deviations of o).

On impact, all prices adjust partially to the increased home productivity.
Therefore, this period all prices decrease, and due to the higher productiv-
ity of home firms, the relative price of home goods falls in both countries.
Because both consumers have a bias for the local good, the consumer price
index decreases more in the home country than in the foreign country. In
response to the higher labor productivity, home firms demand less labor, and
in equilibrium, the home household works less but consumes more in period
t = 2. The home productivity shock affects the foreign country only by low-

221f prices could not adjust on impact (A = 0), then in the period of the shock the
behavior of the real exchange rate would mimic the nominal exchange rate, by depreciating
approximately 7%. The adjustment of all other real variables would be bigger as well.
Home consumption, output, and labor would increase, on impact, 6.5%, 8.7%, and 5.7%,
respectively.

2See Chari, Kehoe, and McGrattan (2000) for an explanation for these small permanent
wealth effects.
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ering home demand for its goods, and we observe a very small reduction in
foreign labor and output. On impact, the real exchange rates depreciates
reflecting the adjustment in the price levels, while the nominal exchange rate
appreciates slightly.?4

The following period, firms adjust their prices to the new productivity
level. All prices decrease further and the relative price of home goods falls
further in both countries. Thus total consumption increases in both countries
and both households substitute consumption of home goods for foreign goods.
Consequently, home output and labor rise, while foreign output and labor
decrease.

In response to the higher labor productivity, the home household also
accumulates bond holdings, although this effect is small. Therefore, as the
productivity shock dies out, variables return gradually to approximately their
original levels. The new long-run level of the nominal exchange rate is slightly
lower than the initial one, consistent with the home household’s higher bond
holdings.

Impulse Response Functions to a Change in Regime. We now exam-
ine the effects of regime shocks, which alter the covariance between produc-
tivity and monetary shocks. These regime shocks are intended to represent
episodes of “speculation” by generating changes in risk premia that specu-
lators demand on foreign exchange markets. Those changes in risk premia
are then intended to operate through asset markets to generate first-order
effects on the exchange rate while creating much smaller effects on other
macroeconomic variables such as production, employment, investment, and
consumption.

The model implies that changes in the risk premium require changes in the
cross-country difference of covariances between the real returns on nominal
bonds and the marginal utility of consumption. Regime changes can affect
this covariance because monetary and productivity shocks generate differ-
ent patterns of responses in consumption, the price level, and the exchange
rate. However, the results discussed above show that the model generates ex-
tremely small responses of macroeconomic aggregates to productivity shocks
(compared to the responses to monetary shocks). We conclude that a model

241f, on impact, all goods’ prices are fixed (A = 0), then in response to the higher home
labor productivity, the home agent works and consumes less in period ¢ = 2. The fall in
consumption reflects the substitutability of leisure and consumption in the utility function.
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with this structure probably requires some source of shocks other than pro-
ductivity to generate the sizes of the risk premia observed in the data and
sufficient to generate large fluctuations in exchange rates.

In interpreting the figures, note that the only source of persistence in the
model is the regime. The model has abstracted from all other sources of
persistence, such as longer-lived, staggered price setting, or capital. Conse-
quently, all responses in the figures after the impact response reflect regime
persistence.

Figure 3 depicts the impulse response functions to a change in the regime,
from €, = Q! in period 1 to ©; = O? in period 2.2 That is, at t = 1 the
covariance between domestic monetary and productivity shocks is negative,
and the covariance between foreign monetary and productivity shocks is pos-
itive, while at ¢ = 2 the covariance between domestic monetary and produc-
tivity shocks becomes positive, and the covariance between foreign shocks
becomes negative. To raise the response of the risk premium to the shocks,
the Figure presents results after arbitrarily raising the standard deviation of
productivity shocks by a factor of 4.4.

While the regime shock generates a larger percentage change in the nom-
inal exchange rate than in other variables, as expected, the magnitudes of all
the responses are extremely small. The exchange rate rises by only 0.17% on
impact, and the risk premium changes from —0.00041 to —0.00034.2° More-
over, a larger fraction of the change in the exchange rate occurs through
contemporaneous changes in allocations and prices, represented by the term
e; in (13), than through expectations of future variables working through
asset markets and represented by the term e,.2” The impact effect on the ex-
change rate reflects two factors: (1) the (permanent) difference across regimes
in risk premia, and (2) the (temporary) effects of (partially-) preset prices.

In period 3 (one period after the shock is realized), the chance that €,
remains at €2 is .9. Over time, that probability falls toward .5, and the
economy moves toward an unconditional steady state. This is the sole source
of persistence in the figures. At period 3, the real exchange rate jumps

25These figures depict the average response of the system to a change in the information
variable in 500 simulations of 10000 periods each.

20Engel (1999) also reports the inability of standard models to generate sufficient vari-
ation in the foreign-exchange risk premium.

2"The steady-state level of the risk premium is negative due to the asymmetry in the
model: with trade only in home-currency bonds, foreign households, but not home house-
holds, bear exchange-rate risk in holding those bonds.

25



downward, reflecting the higher level of optimal price setting by domestic
firms in the new regime, and the lower optimal level of prices chosen by
foreign firms.?® While the dynamics of the real exchange rate from ¢ = 3
onward are strongly at variance with the data, they also reflect the absence
of any other sources of persistence in the model.

To study the possibility that the small response of the risk premium and
the exchange rate reflect standard asset-pricing puzzles that have appeared
in the equity-premium literature and elsewhere, we raise the coefficient of
relative risk aversion from o = 2 to o = 20. Figure 4 depicts the impulse
response functions to a change in the regime, from €, = Q! in period 1 to
Q; = O? in period 2, when o = 20. The response of the risk premium remains
extremely small, rising from —0.003 to —0.0027 in response to the change in
regime, while the domestic currency depreciates by 0.40% on impact. The
increase in risk aversion substantially raises the asset-market component of
exchange-rate variation. With o = 20, the asset-market term e, rises by
0.56% on impact, while the product-market term e; rises by only 0.15%.
Consequently, the asset-market term accounts for more than 3/4 of the im-
pact effect on the exchange rate.

Figure 4 shows that the largest fraction of the change in the asset-market
term e; occurs through a fall in its denominator, which involves the future
exchange rate as well as the future foreign price level and future marginal
utility. Persistence in the regime generates persistence in the exchange rate.

As Figure 4 shows, the two components of e;, the ratio of marginal utili-
ties and the ratio of price levels, each respond to the regime shift, but their
responses tend to cancel. Domestic marginal utility rises by 0.57% on im-
pact, while foreign marginal utility falls by a corresponding amount. The
percentage changes in home and foreign consumption are only about 1/20 as
large as the changes in marginal utility, as 0 = 20. Consequently, the change
in the exchange rate is not accompanied by correspondingly large changes in
consumption. Instead, it is accompanied by changes in expectations about
the future. Because domestic and foreign price levels also respond to the
regime shift, the real exchange rate rises by only 0.10% on impact. As men-
tioned above, the abrupt reversal in the real exchange rate at ¢ = 3 that
appears in Figure 4 is an artifact of our simplifying assumption of one-period
price setting, combined with an absence of other features in the model to

ZDevereaux and Engel (1998),and Bacchetta and van Wincoop (2000), analyze the
effects of risk-aversion by firms in optimal price-setting decisions.
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generate persistence, such as capital.

Our results, at least with high risk aversion and counterfactually-large
technology shocks, illustrate the possibility of large asset-market “specula-
tion” effects on exchange rates. However, our model has not been able to
generate sufficiently large changes in risk premia to match the data (or, as
a result, such large Sharpe ratios as Backus, Gregory, and Telmer find in
the data). Consequently, the model does not imply sufficient exchange-rate
variability to match the data.

Clearly, a full theory of speculative effects on exchange rates requires
that economists revise models, or develop new models, that can explain the
substantial risk premia observed on equities markets and foreign exchange
markets, as well as translating how those changes in speculators’ percep-
tions of risk affect exchange rates and other macroeconomic variables. Our
model, like previous models (e.g. Engel, 1999), has been unable to generate
a sufficient variation in foreign-exchange risk premia to match the evidence.
For example, Backus, Gregory, and Telmer develop a theoretical model of
the risk premium (the expected return from currency speculation) and, even
when choosing parameters to maximize its standard deviation, can generate
at most a standard deviation that is about half the standard deviation in the
data. Short of pursuing the grand model of asset pricing that has thus far
eluded economists, one strategy for subsequent research is a two-tiered ap-
proach. On the one hand, continue to pursue a better theory of asset pricing.
On the other hand, develop models of how changes in speculators’ percep-
tions of risk (even if not fully explained by the models) affect exchange rates
and other macroeconomic variables. Our results are suggestive of the possi-
bility that speculative asset-market effects play a large role in exchange-rate
variation.

7 Conclusion

This paper has argued that speculation, with implied changes in risk premia,
is likely to play a key role in explaining the behavior of exchange-rates. With
sufficient international segmentation in product markets, we have argued
that exchange rates follow a forward-looking, first-order stochastic difference
equation that includes terms involving risk premia. Consequently, the current
exchange rate can be affected by changes in that risk premium. This opens
the possibility for speculative effects on exchange rates, generating exchange-
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rate movements that are not strongly correlated with movements in current
macroeconomic variables (aside from the risk premium itself).

We have implemented this idea in a standard two-country monopolistic-
competition model with sticky prices and pricing to market, with markets for
final products that are completely segmented internationally, and a model
of regime shifts — affecting the covariances of shocks — intended to create
“rational” speculation in the sense of altering equilibrium risk premia.

The resulting model fails to generate a sufficient degree of rational specu-
lation to explain either observed variation of risk premia in foreign exchange
markets or observed variation in exchange rates. Future research might in-
crease that variation somewhat by introducing an information variable that
signals future changes in regime.?’ It might also adopt model variations from
the equity-premium literature to (try to) raise the implied variation in risk
premia. A third area for research would be to examine the degree of “irra-
tional” speculation necessary to generate sufficient exchange-rate variability
from the difference-equation for the exchange rate. One could ask whether
models like the one in this paper can generate sufficient exchange-rate vari-
ability conditional on variation in the risk premium. Further work will also be
required to determine whether the model can generate exchange-rate varia-
tion with “a life of its own,” moving nearly independently of standard macro-
economic aggregates. Another area for future research involves exploiting
information in the term structure of the risk premium to infer the expected
persistence of risk-premium changes and the implied magnitude of exchange
rate changes.

290ur modeling choice represented a compromise between two extremes. On the one
hand, the regime must show persistence to generate speculation in our model. (If changes
in regime were serially uncorrelated, then the asset-market term in our exchange rate
equation, as a ratio of expectations, would be a constant, independent of the current
state.) On the other hand, high persistence in regimes reduces the magnitude of changes
in exchange rates. One interesting area for future research would be to introduce an in-
formation variable, conveying information about future regime changes before they occur.
That information variable would introduce rational speculation into the model without re-
quiring the high degree of serial correlation in the regime that we assume. Consequently,
the model may be able to generate larger changes in exchange rates for any given change
in risk premia.
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8 Appendix 1: The Model with Partially Ad-
justable Prices

Using the algebra of expected values, the term e; can be rewritten as

1 1
E [ucth] E [m} + cov (Uc,tJrl: T—&-l) ( )
€yt = . 16
’ * 1 * 1
E |:uc7t+lj| E |:3t+1Pt*+1i| + cov (uc7t+17 3t+1Pt*+1)

A change in the information variable, as long as this variable is persistent, will
affect the covariance terms in the above expression by affecting the covariance
between future shocks to money growth and productivity in both countries.
In our framework, however, firms set prices one period in advance and, on
impact, prices do not respond to shocks. Consequently, the covariance terms
in equation (16) are zero in our model. However, if prices where to adjust
to current shocks, future money and productivity shocks would affect both
future price levels and marginal utilities of consumption. This would allow
a change in regime to affect the term ey, by affecting the covariance terms in
equation (16).

In this appendix we describe the price setting problem of firms, in order
to allow them to adjust partially their prices to current shocks. As before,
firms set prices for period ¢ one period in advance at ¢t — 1, before observing
the shocks. However, we assume that after uncertainty is resolved, all firms
can adjust partially their prices to the ones that would occur in the flexible
price equilibrium. That is, for home firm 4, the price effectively charged to
home consumers in period ¢, Py, (i), is a linear combination of the price pre-
set in advance, P, (i), and the price that would occur in the flexible price

equilibrium, }Njhyt (1); that is

Prio (i) = APat () + (1= A) Pae (3) (17)
and similarly for all other three prices.*
The price level in the home country in period ¢ is now given by

1
1=y

Pi= [ (P4 (=) (P77

30This price setting structure should be equivalent to assume that after the realization
of uncertainty a fraction X of firms can reset prices while the remaining fraction (1 — \)
does not adjust its preset prices.
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When firms choose their prices at ¢t — 1, they know that the effective price
at t is a given linear combination of the price they set at ¢t — 1 and the price
that would occur in the flexible price equilibrium, which they take has given.
So, the price setting problem of home firms in period ¢t — 1 becomes

max Et—l[pt(()\Ph,t (i) + (1 —=X) }Njh,t (Z)) chy (1) +

Pao(i),B7 ()

e (AP () + (L= ) B, () 6.0 (1) — Pands ()]

subject to the resource constraint 2, F' (I; (4)) = cn (i) + ¢}, (i) and the down-
ward sloping demand functions for ¢, (7) and ¢}, (7). This problem’s first-
order conditions with respect to Py (i) and Py, (i) are:

Py ((1 —0)cpy (1) + b __ Do, (i)lia Che () ()>] =0

fo , i
Oé)\Phyt (Z) + (]. — )\) Ph,,t

and

Ey

oy 0 P ()G, 60) ] _
2 <(1 SOt R W (@')>] -

9 Appendix 2: The Risk Premium

In this section we describe how the risk premium is computed in our model.
Note that model households are not allowed to trade a risk free bond de-
nominated in the foreign currency. Therefore the forward exchange rate, f;,
cannot be derived from the condition of covered interest parity. This simply
reflects the model’s asymmetry: households can invest in risk-free bonds de-
nominated in the home currency but not in risk-free bonds denominated in
the foreign currency.

An alternative derivation relates the forward exchange rate to the future
spot rate (see Cox et al (1981)) and will enable us to calculate the risk
premium for the home household. Consider the following investment strategy
in period t:

i
1+i¢41

1. to invest dollars in the risk-free asset and;

2. to buy 1 one-period forward contract at price f;.
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Investment 1 delivers f; with certainty in period ¢+ 1, while the payoff at
time ¢ + 1 of investment 2 is (e;; — f;). Therefore the net payoff at ¢ + 1 of
this investment strategy is e;;;. Since this investment strategy involves an
initial investment of ; +€Z+1 with expected return equal to ey, the following
arbitrage condition always needs to hold in equilibrium:

ft Uyt Uq,t+1
— = (F |e ’ . 18
1 + it+1 Pt ﬁ i Pt+1 ( )

This condition imposes that in equilibrium the forward exchange rate is such
that the home household’s demand for forward contracts is zero.

Using the equilibrium condition for the nominal interest rate (in an inte-
rior solution), we obtain:

Uity By
[\ E [etHﬁ P ulJ _ Elei11 i41] (19)
T [5M&} Efen]

Pry1 uig

where )\ represents the nominal marginal rate of substitution, "]it’—t:ll. How-

ever, if the home household is borrowing constrained then the previous ex-
pression does not hold with equality. Instead,

E [6t+1)\t+1]

e B )

Defining the risk premium as rp; = f; — E [e;11], we obtain that

Cov (er11, A1) + E Mg (fr — er11)]

= E i)

Note that from (19), the second term in the right hand side of this expression
is always zero in an interior solution.
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Figure 1a - Monetary Shock: Money Supply, Exchange Rates, and Bond
Holdings
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Figure 1b - Monetary Shock: Consumptions, Outputs, Labor Supplies,

and Price Levels
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Figure 1c - Monetary Shock: Intermediate Goods
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Figure 2a - Productivity Shock: Productivity Level, Exchange Rates, and
Bond Holdings

Home Productivity Nominal Exchange Rate
1.2 ‘ ‘ ‘ ‘ 0 ‘
1 L
0sl -0.05 t
S 5
g 06f g
= s 01
o 04f o
ES X
02 -0.15 |
O L
-0.2 : : : : -0.2 : : : :
0 5 10 15 20 25 0 5 10 15 20 25
quarters after shock quarters after shock
Real Exchange Rate x10° Bond Holdings
0.8 i i i i 35 i i i i
3 L
0.6f
257
g 0.4
g T ?f
>
) [}
S 02} —15¢
X
1 L
0 L
05}
-0.2 : : : : 0 : : : :
0 5 10 15 20 25 0 5 10 15 20 25
quarters after shock quarters after shock

38



Figure 2b - Productivity Shock: Consumptions, Outputs, Labor Supplies,
and Price Levels
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Figure 2c - Productivity Shock: Intermediate Goods
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Figure 3 - Change in Regime (0 = 2)
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Figure 4 - Change in Regime (o = 20)
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