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Nominal exchange risk is a ubiquitous factor in international economic
policy analysis. For example, sudden appreciations of the dollar following
financial crises outside the United States often are ascribed to “safe haven”
portfolio shifts. The elimination of national currencies in Europe has been
rationalized in part by the claim that uncertain exchange rates discourage
trade, and thereby hamper the full realization of the gains from removing
other obstacles to commodity and asset-market integration.

Unfortunately, the analytical underpinnings of such widely discussed phe-
nomena have received scant attention. In analyzing the properties of stochas-
tic general-equilibrium monetary models, researchers typically rely on a cer-
tainty equivalence assumption to approximate exact equilibrium relation-
ships. This practice, as Kimball (1995, p. 1243) remarks, “precludes a
serious welfare analysis of changes that affect the variance of output.” In the
relatively rare cases in which higher moments are considered theoretically,
tractability usually has required the assumption of instantaneously flexible
commodity prices and wages.! That modeling choice not only assumes away
much of the real effect of nominal exchange rate uncertainty, it precludes dis-
cussion of the feedback from monetary nonneutralities to market risks. And it
is unrealistic. There is strong, indeed overwhelming, empirical evidence that
the nominal prices of domestically-produced goods tend to adjust far more
sluggishly than exchange rates.? But the implications of product price setting
in general-equilibrium models with uncertainty remains largely unexplored,
despite being at the core of the debate over the impact of exchange-rate
volatility.

The model we propose in this paper extends the “new open-economy
macroeconomics” framework of Obstfeld and Rogoff {1995, 1996), Corsetti
and Pesenti (1998), and others to an explicitly stochastic environment.? We

1General-equilibrium models of exchange-rate risk typically follow Lucas (1982) in as-
suming that all prices are fully flexible. See Svensson (1985), Hodrick (1989), Engel (1992),
and Obstfeld and Rogoff (1996, ch. 8) for relevant extensions.

2Gee, for example, Mussa (1986), Baxter and Stockman (1989), Flood and Rose (1995),
and Obstfeld (1998).

30bstfeld (1998) discusses other recent contributions to this literature. Rankin (1998)
develops a very interesting analysis of a small open economy with complete asset markets
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analyze a sticky-price monetary model in which risk has an impact not only
on asset prices and short-term interest rates, but also on the price-setting
decisions of individual producers, and thus on expected cutput and interna-
tional trade flows. Our approach allows one to quantify explicitly the welfare
tradeoff between alternative exchange-rate regimes, and to relate that trade-
off to country size. Interestingly, we find that even in cases where uncertainty
induces substantial heterogeneity across countries both ex ante and ex post,
there may be a strong, even perfect, convergence of interests in choosing a
global monetary system.

Although the main thrust of our approach is normative, the model also
yields some potentially important positive results. For example, we show
how exchange risk affects the level of the exchange rate, and not just the
predictable return to forward speculation that has been studied extensively
in earlier literature. While these two effects of exchange risk turn out to
be proportional, the multiplier linking them can be quite large. Indeed,
our analysis suggests that fluctuations in the “level” risk premium may be
a very significant source of exchange-rate volatility, one that is missing or

inadequately captured in standard empirical exchange rate equations (e.g.,
Meese and Rogoff 1983).*

and competitive production, in which monopolistic labor suppliers preset money wages.
While (like us) he examines the positive effects of monetary uncertainty, he does not
systematically explore the welfare effects of policies. An earlier complete-markets model
with nominal rigidities is that of Svensson and van Wijnbergen (1989). Svensson and
van Wijnbergen (1989), building on Svensson’s (1986) closed-economy model, provide an
early discussion of price-setting in advance by maximizing firms facing uncertainty. The
appendix to Svensson (1986) briefly discusses the welfare impact of an infinitesimal degree
of money-supply variability, but such higher-moment effects are not the main focus of his
paper.

1A large effect of risk factors on exchange rate levels was suggested by Frankel and
Meese (1987), based on partial-equilibrium intuition. Hodrick (1989), using a version
of Svensson’s {1985) cash-in-advance model with a variable velocity of money, showed
the effect of higher-moment fundamentals on exchange rates in a flexible-price, general
equilibrium setting, but his restrictive money-demand specification implied a generally
moderate effect of monetary risk factors. In our setup, in which the interest semi-elasticity

of money demand may be any negative number, the exchange-rate level effect of exchange



Finally, under specified conditions, we can solve the model explicitly for
equilibrium second as well as first moments. The solution yields novel insights
about the exchange risk premium in a sticky-price setting. For example, we
find that when home monetary volatility is an important source of uncer-
tainty, home-currency assets actually may serve as a hedge against consump-
tion risk. If so, domestic nominal interest rates are lower than would be the
case under risk neutrality. We argue that this feature of the model suggests
a possible explanation of the puzzling negative relationship between relative
nominal interest rates and expected currency depreciation across major cur-
rencies. If moderately higher inflation is associated with greater monetary
variability, as seems true empirically, it is at least theoretically possible that
the forward premium is opposite in sign to the expected rate of currency
depreciation. We show, however, that greater domestic monetary variability,
despite causing lower home nominal interest rates and an appreciation of the
home currency (all else equal), must reduce expected welfare both at home
and abroad.

Section 1 of the paper presents a basic model with monetary and produc-
tivity shocks, while section 2 employs a key simplifying feature which turns
out to imply that current accounts are always zero in equilibrium. Section 3
shows how the presetting of nominal goods prices can be analyzed without
a certainty-equivalence assumption, and discusses some implications. In sec-
tion 4 we complete the derivation of the model’s equilibrium, and in section 5
we show how to calculate the exchange risk premium explicitly as a function
of underlying money-supply shocks. Except for the money demand function
(which we generally must log-linearize), the model is naturally log-linear
provided the underlying monetary and productivity shocks are lognormally
distributed. Section 6 offers a guide to quantifying the “amplification effect”
linking the level exchange rate risk premium to the standard forward risk
premium characterizing excess returns to currency speculation.

Section 7 discusses the link between policy uncertainty and ex ante wel-

fare, taking up results on country size (which can be surprising) and develop-

risk can plausibly be an order of magnitude higher than in Hodrick’s.



ing & quantitative example illustrating that the costs of exchange volatility
can be big. Importantly, we find that by explicitly treating price setting
under uncertainty, we obtain much more general and elegant welfare results
than would be possible under the usual assumption of certainty equivalence.
It is important to note that many of the key welfare results derived in this
section do not depend on the ancillary linearization of the money-demand
function needed to get a closed-form solution in sections 4 and 5. Finally,
section 8 summarizes; a variety of extensions and technical derivations are

relegated to appendices.

1 A Stochastic Two-Country Model

The model is a stochastic version of the one in Obstfeld and Rogoff (1995,
1996), modified along lines proposed by Corsetti and Pesenti (1998), who
present a model in which current account imbalances are always zero in
equilibrium. The general issue of current accounts is quite important to
any complete model of international policy transmission, but allowing for
imbalances here would pose some very subtle and difficult technical issues,
issues that we prefer to abstract from in a first pass at a stochastic sticky-

price model.

1.1 Preferences and Technology

There are two countries, Home and Foreign. Home agents are indexed by
numbers in the interval [0,n], while Foreign agents reside on (n,1]. Every
individual is a “yeoman farmer” and is presumed to have a monopoly in
producing a single good, also indexed by n. Preferences of the representative
Home agent are given by
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where C is an index of per capita consumptions of Home and Foreign com-

modity bundles,
CpCr™

C= m:;, (2)

é

e-1

with
1 & 1 9-1 =
, Cp = (I—_—n) j;; C(Z) 7 dz , 0> 1.

Cuy= {(%)% fO“C(z)%ldz}
(3)

Thus, across goods produced within a country the elasticity of substitution is
g, while the elasticity of substitution between the composite Home and For-
eign goods is 1. Utility depends negatively on individual output, Y, because
production requires irksome labor effort. Utility depends positively on indi-
vidual domestic real money balances, M/P, because of the role of money in
reducing transaction costs. Foreign agents have identical preferences except
that x* may differ from &, ¥Y'* may differ from Y, and Foreign agents hold
their own national currency M*, which is deflated in their utility function by
the Foreign general consumer price index P

The coefficient k—which multiplies Y ? in the utility function (1) and can
be viewed as inversely related to productivity—may be a random variable.

All random shocks in the model are assumed to be lognormally distributed.

1.2 Prices, Demand, and Budget Constraints

The overall Home-currency consumption-based price index is given by
p=PyPr" (4)

where the subindexes for Home and Foreign products are, respectively,

1 1-8 e 1 1 - e
Py = [; [P dz] Pp= [ ] P(2) dz] .
0 n

1-n

The law of one price is assumed to hold across all individual goods, so that
P(z) = EP*(2), Yz € [0,1], where asterisks denote Foreign values of the



corresponding Home variables, and £ is the nominal exchange rate (the Home
price of Foreign currency). Because Home and Foreign agents have identical
preferences, the law of one price implies that purchasing power parity must

hold for overall consumer price indexes:
P=£EP. (5)

Under the subutility functions in (3), the allocation of a representative
individual’s demand across each of the goods produced within a country is

given by

oy = - [%(I’j—)]e Cu, CUf) = 7= Fg—)}_o Cr, (6)

(where h denotes the representative Home good and f the representative
Foreign good). The Cobb-Douglas total consumption index, eq. (2), implies
that demands for the composite Home and Foreign goods, Cy and Cp, are

given by
Pyt P\ 7!
Cu=n (7;’—) C, Cp=(1-n) (7,’*1) c. (7)

Define world consumption as
CY =nC+(1—n)C", (8)

where C is the total consumption of a representative Home resident and C*
that of a representative Foreign resident. (Since world population is 1, CV is
per capita as well as total world consumption.) Then, combining egs. (6) and
(7), and aggregating the result with the identical Foreign demand functions,
we see that the global demand for individual goods is given by

cor= 28] ) e cw- (] () e

Home and Foreign agents can trade riskless real bonds that are indexed to

total consumption C. Let 7, denote the consumption-based real interest rate



between dates ¢ — 1 and ¢ (the own-rate of interest on the total consump-
tion basket). Written in terms of Home money, the intertemporal budget
constraint for the representative Home agent is

P,Byy1 + M, = P(1+7r)Be+ M1 + pe(R)Yi(h) — BCy — Py, (10)

where 7 denotes lump-sum taxes and Bi;; denotes end of period t bond
holdings. [In contrast, our assumption on money holdings is that M, denotes
the end of period ¢t stock; recall also eq. (1).] It is important to note that
although we do not explicitly allow for international trade in equity in this
model, such trade will turn out to redundant. In equilibrium (as we will
show), each country’s share of world income is constant due to the assumption
of a unit elasticity of intratemporal demand across the Home and Foreign
composite goods.

We simplify by setting government spending equal to zero throughout, so
that the Home government budget constraint, for example, is given by

0=7+ -Ad—t?gﬂ. (11)
Appendix A indicates how government spending shocks could be introduced.
The (gross) rate of growth of the money supply is assumed to be a lognormally
distributed random variable.

We also assume that initial net international asset holdings B = 0.

9 QGoods Market Clearing and the Redun-

dancy of Securities Markets

Whether flexible or preset prices prevail, the goods market clears. Even be-
fore examining the first-order optimality conditions of consumer/producers,
we can infer the key relationships linking national to global consumption
levels, and global consumption to national outputs. We explore these re-
lationships first because they imply a key (though special) property of the
model: securities markets are redundant and, as a result, current accounts

always balance exactly in equilibrium.
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Taking account of the differing populations in the two countries, total
output supplies equal demands when

n[nPC + (1 -n)PC*] = nPyY,
(1—n)PC+ (1—-n)PC'] = (1—-n)PpY"

These equations imply that

As in Corsetti-Pesenti (1998), this relation, together with our assumption
that initial net international asset holdings B = 0, implies that current ac-
counts always are zero. The intuition for this result, of course, is that eq.
(12) gives countries constant (indeed equal) shares of per capita world real
income, regardless of the pattern of shocks. Given constant real income
shares (and our assumption of isoelastic preferences over total consumption

(), countries always consume exactly their real incomes:

_PiY . BY
C=-5- 0 =5

As Cole and Obstfeld (1991) point out, price responses can make interna-

(13)

tional trade in securities redundant with Cobb-Douglas preferences.®
An immediate corollary of egs. (12) and (13) is that

CY¥=C=C". (14)

Per capita consumption shares for Home and Foreign are not only constant,
but equal.®7

$More formally, notice that for the allocation in eq. (13), Home and Foreign intertem-
poral marginal rates of consumption substitution are equal for every future state of nature.
Since leisure is a nontraded good, there are no unexploited gains from trade and inter-
national trade in securities therefore is redundant. Without the assumption that initially
B = 0, this would not necessarily be the case. Shocks that led to temporary changes in
the real interest rate could then induce current account movements. [See eq. (26) on p.
78 of Obstfeld and Rogoff {1996)].

6One reason for this equality, of course, is that we have chosen the utility function so
that expenditure shares are the same as population shares. That assumption is plausible

and convenient but easily relaxed.
TRecall from (5) that P = £P* always holds. Note then, by eqgs. (4), (8), (12), and
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3  Producer Behavior under Preset Prices

We now look at how monopolistic producers plan output and prices when
commodity prices must be set a period in advance and cannot be revised
until the following period. Thus, we assume that Pi(h) and P,(f) are set
at the end of period t — 1 and cannot be changed during period t2 With
preset prices, supply is no longer determined by the leisure-consumption
tradeoff that governs behavior under flexible prices. (Appendix A describes
the flexible-price solution.) Instead, because price initially exceeds marginal
cost, supply moves to accommodate any unanticipated shock to demand
(provided the shock is not so large that full accommodation of demand would
raise marginal cost above price).?

In a certainty-equivalence setup, equilibria with preset prices differ from
ones with flexible prices only because of the effects of unanticipated shocks.
But that is not the case in an explicitly stochastic version of the model. When
P,(h) and P,(f) are set at the end of period t — 1, they are not generally
set at their certainty-equivalent values. Prices are set with a view toward

hedging the risks the producer faces. This nuance is quite important, both

(13), that
PyY PLY”
CW — i —_ P
0 +{1—n) P
PH 1-n P;:- n
= —_ Y - i
n(PF) +(1 n)(P' Y
— Yn(Y')l_n_

8More realistic dynamics would result from the assumption of Calvo-style multiperiod
staggered price setting; see Kimball (1995), for example. We forgo that realism here to
obtain simpler and more accessible results, and leave the inclusion of Calvo contracts for
future research.

90ne must be careful in interpreting a stochastic version of the model if one assumes
that supply always accommodates demand under sticky prices. For large enough shocks
the voluntary participation constraint will be violated, as Corsettl and Pesenti (1998)
stress. Thus, the results of our stochastic model under sticky prices should be viewed
as approximate. The approximation can be made arbitrarily precise by looking at ever-
smaller variances for the exogenous shocks.



in understanding the effects of risk on the exchange rate and other macro
variables and in using the model to ascertain the welfare effects of alternative

macroeconomic policies.

3.1 The Price Setting Problem

Consider the pricing decision of the representative Home agent. On date —1,
P,(h) is set to maximize the objective function (1), but with the expected
value conditional on date t — 1, instead of date ¢, information. Using the
individual’s intertemporal budget constraint (10) to substitute out for C; in
the utility function (1), and then using the demand function (9) to substitute
out for Y,(h), and finally taking t — 1 expectations over both sides, we obtain
the maximand E, (U, as the infinite sum (starting with s = t) of terms of
the form:

1y
B, {——
t1(1+6) {1—p

Ms~ - M 1-p Ms 1-¢
Pt o ()

P, 1-e\ P, 2

(PS(h))IAB C.;N + (1 + Ts)Bs - Bs+1 (15)

PH,s
P.s(h') - (ifﬁ)fl cY ’
PH,s Ps ¢

Optimal price setting in period £ —1 reflects minimization of the ezpected dis-

crepancy between the marginal utility of marginal revenue and the marginal
disutility of effort.
Differentiating the above expression with respect to Pi(h) yields

E{C*(6 - 1)P(h)PiC}

= E {na [p(n)=° P PCY| {(Eg;—)) - (%)—1 CWH ,

where we have suppressed ¢ — 1 subscripts on the expectations operator and
t subscripts on all variables. Noting that P{h) = Py (in a symmetric equi-
librium), that Py is known in advance, and finally that C = C%¥—eq. (14)

applies—we can rewrite this expression as

E {lep(g - 1)} =E {ne (%)2} : (16)
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The parallel Foreign relation is

E{C" (0~ 1)} =E {n*a (};Pf)g} , (17)

where C = C* has been used.

3.2 Implications for Ex Ante Terms of Trade

Assuming that C and £ are jointly lognormally distributed, we can express
the solution for the ex ante terms of trade and ex ante consumption in logs.
(We shall show later that C' and £ indeed have lognormal distributions in
equilibrium if the exogenous shocks hitting the world economy are lognor-
mal as well.) The solution procedure is not especially illuminating, so it is
relegated to Appendix B.

To gain some preliminary intuition about the solution described by egs.
(16) and (17), we simplify and adopt the convenient assumptions that & and
k" have identical lognormal distributions and are serially uncorrelated, so
that E,_; log ke = E¢_1log k}. Notice that if shocks to productivity are purely
temporary, then they have no effect on consumption or on the exchange rate
(since output is demand-determined in the short run).*”

As Appendix B shows, the ex ante terms of trade are given by:
py — Py — Be=(1— 2n)a> + 20, (18)

where we use lower-case letters to denote natural logarithms (except for
interest rates and the country-size parameter n). Here, o2 stands for the
date ¢t — 1 conditional variance ogvt_l = Var,_1{e:}, 0ce stands for 0cer1 =
Cove_1{ct, e}, and so on. Notice that for n = %, only ¢, affects the ex
ante terms of trade. If consumption is unexpectedly high when the domes-

tic currency is unexpectedly weak, meaning that g, > 0, Home producers

10\While under sticky prices the output effect of a purely temporary positive productivity
shock (a fall in K or x*) is nil, the disutility from the previously planned level of labor
effort falls. If instead the shock were somewhat persistent, consumption would rise, raising
demand and with it, current output. See Obstfeld and Rogoff (1995) for similar results.

11



will find themselves with a highly variable marginal disutility of effort be-
cause exchange-rate and world-consumption effects on demand will tend to
reinforce each other. Foreign producers will be in the opposite situation. Ac-
cordingly, Home producers will set relatively high prices ex ante, and Foreign
producers relatively low prices. If Home is relatively small (n < %), greater
currency variability o? will raise its ex ante terms of trade. In this case,
exchange-rate fluctuations have a bigger effect on the Home than on the For-
eign demand curves, making world demand for Home goods relatively more
variable and making Home’s expected disutility of effort higher at interna-
tionally equal ex ante production levels. This asymmetry causes a relative
preference of Home producers for leisure, improving Home’s ex ante terms of
trade.

3.3 Implications for Ex Ante Consumption

Appendix B also shows that the expected value of the log of (world) con-

sumption is:

g (%52) ~ Eloges - o2 ~2n(1 — mo? = [2- 1 = p)]
o . (19)
1+p

Certainty-equivalent expected log consumption is Ec = ﬁ—p [log (6—;1) — Elog n] .

However, uncertainty plainly affects expected log (world) consumption, and,

hence, pricing and ex ante log output levels.!!

The relationship between
consumption variability, as measured by o2, and expected log consumption
is ambiguous. According to eq. (19}, OFEc/do? is negative for p < 3, and
nonnegative otherwise.

What do egs. (18) and (19) imply for producers’ date t — 1 decisions
about date t prices? Observe that the expectation of the logarithm of the

individual monopolist’s demand curve (9) is

Ey(h) = —6p(h) + (0 — 1)pu + Ep + Ec”
11Qpserve also that

y—y'=—(1- )02 — 20

12



when domestic-currency prices are preset [in which case Ep(h) = p(h) and
Epy = pu). A change in o? affects Home and Foreign producers symmet-
rically, and hence has identical effects on Ey(h), Ey(f), and Ec". The last
equation therefore shows (because the individual producer takes py, Ep, and
Ec¥ as given) that if a rise in o? depresses Ec" in equilibrium, for example, 1t
must induce every producer in the world to raise price and thereby lower the
expected log of his output. Accordingly, higher ¢2 is associated with higher
nominal product prices when p < 3 and with lower prices when producers
are so risk averse that p > 3.1

What explains the ambiguity? It results from opposition of two effects.
Greater consumption variability implies greater demand variability in equi-
librium, which in itself induces producers to raise prices so as to limit the
ex post variability in labor supply. Roughly speaking, the elasticity of this
effect is given by the coefficient on labor supply in the utility function (1),
namely, 2.

On the other hand, an increase in g2 alters the expectation of C™7 X C=
C1-?, which is proportional to the equilibrium marginal utility value of sales;
see eq. (16). Since

ECY? = exp [(1 —p)Ec+ Q_T”ﬁoﬂ ,

12Because log EC = Ec+ 302, a rise in 07 raises the expected level of consumption EC
mechanically, with Ec and producer prices held constant, simply because C = expc is a
convex function of ¢. We can compute the sign of the relation between o2 and EC by
using eq. (19) and calculating

2
5logEC__[2—%(1—p)] 1
o2 1+p 2 2

According to the last expression, the expected consumption level rises with o? when p > 2
(but, as noted, for 2 < p < 3, EC rises due to a convexity effect even though producers
raise their prices and lower the expected log of consumption). Notice also that the variance
of the level of consumption, 02, is given by

02 = exp (2Bc+ 02) [exp (o?) —1]

(due to lognormality of ('), so an increase in 02, holding producer prices (i.e., Ec) constant,
implies an increase in 0%.
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an increase in o2 raises the expected marginal utility value of sales at given
prices (i.e., given Ec) with elasticity 1(1 - p)*. Plainly the second effect will
dominate the first, inducing lower producer prices ex ante, only when p > 3.
One can view this second case as reflecting a sufficiently strong precaution-
ary saving motive, under which higher future consumption variability leads
producers to choose a higher mean level of future (log) consumption despite
higher expected disutility from effort.

Equation (19) also shows that greater exchange volatility, other things
equal, unambiguously lowers expected consumption. Exchange rate volatility
operates through its effect on the volatility of demand for a country’s good,
which alters the expected marginal disutility of work. Productivity volatility,
o2, works the same way.'®

Of course, the relationships in eq. (19) between expected consumption
and the variances of consumption and exchange rates are relationships be-
tween endogenous variables. While suggestive, they do not reveal how ex-
ogenous changes will affect the economy. To determine that, we must fully
solve for the model’s equilibrium.

4 Equilibrium

An equilibrium is a path for consumption, output, and prices that satisfies
the conditions for individual optimality, given the preset producer prices of

the last section. We compute the equilibrium in steps.

4.1 First-Order Conditions for Consumption and Money

The first step is to add consumers’ first-order conditions with respect to the
dynamic consumption path and money holdings. Since these relationships
are standard (see, for example, Obstfeld and Rogoff 1996), we do not include

L3[nterestingly, for equally sized countries, higher exchange rate variability will, ceteris
paribus, reduce expected output in both countries, and therefore will also reduce the
volume of trade (though not trade’s output share in GDP). Trade could fall as a share of
total CDP in a model with nontraded goods (other than leisure}.

14



detailed derivations. The following individual optimality conditions hold
regardless of whether nominal domestic goods prices are flexible or sticky.

The intertemporal Euler equation for total real consumption is

- 1+r _
it =75 Ee {caa), (20)

while the intertemporal Euler equation for money is

e it Gl
M¢ 146 | Pyt \Ceir (21)

The nominal interest rate is (easily shown to be) given by the consumption-

based Fisher equation

. Ct_+pl
}Dt(l + lt+1)Et F—
t+1

E; {Ct_+p1}

Combining the three equations immediately above, we can write the money

Mt)e 1+ 241
M) (22 ce. 23
(% x( ) : (23)

4.2 Log-linearization and the Exchange-Rate Risk Pre-

1 + Tepl = R (22)

demand equation as

mium

As noted in the last section, we are going to assume that all the shocks to
the model are lognormally distributed. That assumption, as we shall see
later in this section, will turn out to imply that consumption is lognormally

distributed as well. In that case, one can write eq. (20) for Home as

14741 p?
—pcy = 1n( T +‘3’ ) — pEice i + —2—Jg,t (24)
[where 02, = Vary(ct41)], with a parallel relation for Foreign. Of course

o, = a2, [recall eq. (14)]. We allow for a time-varying variance to capture

15



the possibility of changes in the distributions of the exogenous shocks hitting
the economy. We will illustrate later how to compute o2 and other second
moments in terms of the variance-covariance structure of the underlying ex-
ogenous economic disturbances.

Taking logs of eq. (22) yields

. C -
In(1l + %41) = In(1l+7y41) —InE; { PHl } —p+InE; {Ct+p1} .
t+1

Lognormality of C and P allows us to write the preceding equation as
In(1 + 4g41) = In(1 4 7eq1) + Eepepr — pe + v, (25)

with v; given by
Ut = —%Uz,t — POcpt (26)

[where o2, = Vars(pet1), and Ogps = Cove(cisn, pe+1)]. Note that the first
component of v, involving the variance of prices, comes entirely from Jensen’s
inequality and therefore does not depend on any characteristics of the indi-
vidual’s utility function. It reflects that a mean-preserving rise in expected
future price-level variability mechanically raises the expected future real value
of money (which is a convex function of the price level). The nominal interest
rate falls as a result, other things equal.

Now consider the money market equilibrium condition. It is at this point
that we need to resort to an approximation, since the left-hand side of the
money Euler equation (21) is not log-linear.!* We approximate it in the
neighborhood of a nonstochastic steady state with a constant rate of growth
in consumption and in the money supply. In the steady state, the left-hand
side of (21) is

1- xF (G _ 1 i 1

Me T 1431 1+7%

14 A5 we illustrate in Appendix C, no approximation is needed for the special case in
which € = 1 and money supplies (but not necessarily other exogenous shocks) follow a
random walk.
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where overbars denote the nonstochastic steady state. Log linearizing the
left-hand side of (21) therefore gives
;E (mt - ‘ﬁ'l(;) - ;E (pt —I_)t) e p; (Ct - ét) - log (1 + E)
- - - 1413 -
= ie{my— p) — pice — ilog [&(___-l—_z_)} —log (1 +1).
i

The log of the right-hand side of (21) follows with no approximation from
properties of the lognormal distribution:

“log(1 + 6) = E¢{prs — 2} — pBe {cimn — e} + §Var {pira + peen )

Thus, eq. (21) can be approximated as

1
1+412)7 1
e(my—p) = log {%%1—"'_;—)1—} —7Et{Pt+1—pt+Ut}

—%):Et {Ct+1 —Ct gaf,t} + pet, (27)

where the substitution Vare {pes1 + pcepa} = pror, — 2v; follows from eq.

(26).

4.3 Equilibrium Exchange Rates and the “Level” Risk

Premium
Assume that Home and Foreign have equal trend inflation rates, and therefore
(in this model) equal long-run nominal interest rates in the nonstochastic
steady state. Notice that, following the discussion of eq. (24), the term
E, {CH—I —cy — gait} is identical for Home and Foreign. Taking eq. (27),
subtracting its foreign counterpart, and making use of the logarithmic PPP
relation € = p — p* implied by (5), we therefore obtain

1 *
5(mt - m: - et) = —f(Etet+l — e+ U — ’U:) +p(Ct — Ct)'

Except for the risk premium term,

, 1
VTl =g (Ui-,t - U:,t) + P (Ocput = Oepit) (28)
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this exchange rate equation is the same as in the certainty-equivalence model
of Obstfeld and Rogoff (1995)."® Here, however, because ¢, — ¢; = 0, it
simplifies to

1
E(mzt—‘m:_et) = “?(Etet_Fl —et+'vt—'vt*). (29)

Equations (27) and (29) can both be solved in the usual way {assuming there
are no speculative bubbles). The solution to (29) is

e 1 \** . Vs — U
6t‘1+zsz(1+zs) Et{m"ms“*_z%—}' (30)

8=t

The term involving {v, —v}}32, contributes a “level” risk premium to the
exchange rate. This term is not precisely equal to the conventional forward
exchange rate risk premium, which relates the forward rate to the expected
future spot rate, but only because it is multiplied by the (possibly large)
number 1/7¢.16

Hodrick (1989) showed the presence of related variability effects in the
closed-form solution to a flexible-price exchange rate model. However, the

15Equation (28) is derived from eq. (26) and its Foreign counterpart, recalling that
¢ = c¢" in equilibrium.

16The exchange rate risk premium is conventionally defined as the difference between
the forward exchange rate and the expected future spot exchange rate. Covered interest
parity ensures that the forward exchange rate F; obeys the arbitrage relation

. F »
1+t = Et‘(l +ii11)-

Taking logs of both sides of the covered interest parity relation, substituting eq. (25) and
its Foreign counterpart, and making use of the PPP relationship (5) yields the logarithmic
risk premium as

S — Eeleen) = ve — vy, (31)

where v; — v} is given by eq. (28). Note that this is exactly the same term that enters
into the exchange rate level risk premium in eq. (30), except that the term's effect on the
exchange rate level is multiplied by a factor of 1/ic. We argue later that this multiplicative
factor is likely to be significantly greater than 1. While eqgs. (28), (30), (31), and (32) all
hold whether output prices are sticky or flexible, the value of the risk premium may, of
course, depend on the degree of price flexibility.
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cash-in-advance specification he employed to model money demand, while
allowing a variable velocity of money, still implies a fairly low elasticity of the
exchange rate level with respect to monetary risk factors such as those in eq.
(28). And it is the conditional variance of monetary factors that is likely to be
most volatile, and thus likely to have the best chance of explaining exchange-
rate fluctuations. In contrast, the monetary specification we have used allows
for an unrestricted Cagan semi-elasticity of money demand 1/ie, which—see
(29)-—determines the response of the spot exchange rate to expectations and
risk premia. Equation (30) thus raises the possibility that higher moments of
economic variables, not just first moments, could have significant exchange-
rate impacts.'”

By eq. (25), a fall in v (the result, e.g., of a rise in the covariance of ¢ and
p) is associated with a lower Home nominal interest rate and, by eq. (30),
with an appreciation of Home’s currency (a fall in e, resulting from higher
Home money demand as ¢ falls). Thus, the reduced relative riskiness of in-
vestments in the Home currency leads simultaneously to a fall in its nominal
interest rate and an appreciation in the foreign exchange market. This ex-
periment captures the idea of a portfolio shift toward the Home currency or,
equivalently, of a “safe haven” effect on the Home currency.

One may similarly solve eq. (27) forward for the price level. Ignoring
the fixed constant term (which is irrelevant for calculating the effects of

17Hodrick (1989) found little support in the data for a model in which exchange rate
levels depend on the conditional variances of money supply and industrial output, modeled
as generalized ARCH processes. However, his tests comprise only a small subset of the
possible risk factors that could be at work.

19



unanticipated shocks), the result is'®

e & 1 \*1? vy — 202
—_ _ _ E.dm 82768
P 1+is§:(1+is) t{ st i€

8=t

3 j—eis i (1 iis)kt (1 a E) PEe{ea) = [%?} o (32)

s=t+1

4.4 The Short-Run Effects of Monetary Shocks

We next proceed to solve for current consumption. The easiest way to pro-
ceed is by multiplying eq. (27) by n and its Foreign equivalent by 1 —n, and
then adding the two equations. The result is

=y it
x(1+4)7~ Lofw _owoaw
o — <Ky {peh — P TV
a+et | 1 et =t ol

_%Et {Ct+1 — Cp = 50@} + pce,

e(my —p)) = log

where m¥ = nm+(1—n)m*, p¥ = npy +(1—n)pf, and v" = nv+(1—njv”.
(Recall again that ¢ = c" is the same at home and abroad.) Solving forward
yields an equation isomorphic to eq. (32) for the domestic price level (where

again we ignore the uninstructive constant):

= o0 s—1 w QE 2
w e ( 1 ) E w Ys — 3 JC,S
= = E = my + ——=——
Pe 1+ie g \1+1c M te

e 1\ 1 p(1+1)
+ = = 1——) | sf — |5 =
1+sz:zH:_1(1+zs) ( :)? ) {1+z€ ¢

18The ambigucusly-signed terms (1 — 1) pE: {c,} in this equation deserve comment.

Higher expected future (log) consumption has two countervailing effects on the equilibrinum
price level, other things equal. By reducing desired saving and thereby increasing the real
(and nominal) interest rate, it reduces money demand and puts upward pressure on the
current price level. On the other hand, higher expected future consumption raises expected
future money demand and hence lowers expected inflation, incipiently reducing the current
nominal interest rate and putting downward pressure on the current price level. If £ > 1—
implying a relatively inelastic response of money demand to the nominal interest rate—the
first effect is dominant.
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To finish solving this equation, we need to use the solution for expected
future consumption, eq. (19). Rearranging so that consumption is on the
left-hand side, the result is (ignoring constants)

2

p(1+13) w i€ °°( 1 )3‘t W W —Eal
—— = - = = E ———_——;‘
[1+is]ct pt+1+iss§ 1+ B R —

(e—1) : o0 1 ot ) 1 21 2
- [5 (i+p)] (1 4—655) 2 (1 +is) Ec {30k, +20(1-n)or, + 2—3(1=p) loZa}

s=t

(33)
Because p)’ is a predetermined variable as of date t, eq. (33) shows that,
other things equal, higher than expected (on date t — 1) current /expected
future money raises current consumption.

While the consumption effects of innovations in current or expected future
money are the same internationally regardless of where in the world the shock
originates, other effects do depend on which country generates the monetary
impulse. By eq. (30), a positive innovation in Home money depreciates its
currency, worsening its terms of trade and inducing a demand shift toward
Home products.

Because of the Home currency depreciation, Home producers work harder
than they would absent the exchange-rate change, Foreign producers enjoy
more leisure. Because the short-run Home and Foreign consumption re-
sponses necessarily are equal, we know that the surprise Home monetary
expansion benefits Foreign more than Home.!? We examine these ex post
welfare effects formally in Appendix D.

While the preceding discussion is suggestive, it is also possibly mislead-
ing for thinking about general-equilibrium effects. Equation (33) is not a
reduced-form expression, of course, because the consumption and exchange
variances it includes are endogenous variables that depend on the interac-

tion among the model’s exogenous shocks. We now illustrate how to solve

19The money shock has no real effects beyond the period it occurs, in contrast to the
model of Obstfeld and Rogoff (1995), because the current account is zero in equilibrium
in this model. For the same reason as in the model of Obstfeld and Rogoff (1995), there
is no exchange-rate overshooting in response to monetary shocks.
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explicitly for the model’s covariance structure, focusing on implications for

the foreign exchange risk premium.

5 Solving for Exchange Risk Premia

Suppose, for example, that the Foreign money supply is constant and the
Home money supply follows a random walk,

my :mt*1+p’ta

where p1; ~ N(0,02) for every date t. Because the distribution from which
money shocks are drawn is time-invariant and lognormal, all of the variances
and covariances in the model also will be constant over time.?’ Consider the
Home nominal interest rate risk premium in eq. (26), which can be written

as v, = —3 Vary(pr1) — pCovy(c¥,y,Pet1). Because py and pr are preset,

Vart(le) = (1 - n)QVart(et+1).

Also, we can compute the innovation in e¢yy easily from (30) because v and

v* are constants.?! The innovation in e;y1 is
+
EE oo 1 —t-1
= = M1 = Hi+1,
1+e S:Zt;l (1 -Hs)

Vart(pH.l) = (1 e n)gaz.

implying that

By (33) the innovation in ¢}, is

1+ie i€ o I _ [n(l +1e)
[,,(1 +%>] (1 +fe) o {E G +%e) ””} B [p(l +17) ] Foet

(34)

2077pder the assumptions made in section 3, productivity shocks are uncorrelated with
exchange rates and consumption, so we need no further assumption regarding them.

21The analysis becomes more complicated when the covariances, rather than being con-
stants, can evolve stochastically over time. In that case innovations in second moments
inAuence the exchange rate and consumption. Closed-form solutions for dynamic models
with time-varying second moments are offered by Abel (1988) and Hodrick (1989).
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and so

Covi(c),1,per1) = Cove {[n_p(_(ll_-l_;_z%z] per1, (1 — ”)Mtﬂ} (35)

_ [(1 —n)n(l +Ze)] 2

IS G

Collecting terms, we see that the Home currency’s risk premium (including
the convexity term) is

b= —o? {%(1 O [(1 —n)n(l +€5)]}.

141

If the only uncertainty is Home money-supply uncertainty, then the Home
nominal interest rate will be below the level suggested by Fisher nominal-real
parity because world consumption rises when the Home currency depreciates.
Note also that the degree of risk aversion p drops out ¢ f the expression because
p enters the consumption response to a fall in world interest rates as well as
the calculation of the marginal utility of consumption.??

We can similarly calculate v*. With sticky prices, the innovation to pj 1s
given by —nfigy1, so that

Vary(pj,1) = nzoz.

At the same time,

. n(l + i)
Covi(ciyy, Pip1) = Cove {{m} He+1, —n,utﬂ}

- _1_+_55__ .
p(1+1)

22With more general preferences, both the degree of risk aversion and the elasticity

of intertemporal substitution would appear separately in the solution for v. A ceteris
paribus rise in risk aversion would raise the absolute value of v. A rise in intertemporal
substitutability, by magnifying the current consumption response to a fall in the world
real interest rate, would also raise the absolute value of v.

Note that for a closed economy (n = 1), the price level is fully predictable with sticky
prices and therefore v =0.
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Thus

. , 0|1 [l4ie
v = —noy, |5 — =11 -
k12 1+
1 ni(e—1)
* 2
”—““—Uﬂ['f’ 1+1 ]

Thus, recalling eq. (30), we see that for for empirically reasonable nominal

and

interest rates (and always forn = 1), arise level of Home monetary variability
leads to both a fall in the “level” exchange-rate risk premium for the Home
currency and a fall in its forward exchange rate risk premium.? For plausible
values of 7 and ¢, the former effect is potentially much larger than the latter
effect [because the coefficient 1 /ie multiplying the risk premium in eq. (30)
can be large].

Interestingly, our analysis contradicts the common casual presumption
that financial markets will attach a positive risk premium to the currency
of a country with high monetary volatility. Controlling for expected trend
inflation differentials, that presumption is by no means necessarily borne out
in a sticky-price world. Ceteris paribus, a rise in Home monetary volatility
may lead to a fall in the forward premium, even holding expected exchange
rate changes constant. Why? If positive domestic monetary shocks lead to
increases in global consumption, then domestic money can be a hedge, in
real terms, against shocks to consumption. (The real value of Home money
will tend to be unexpectedly high in states of nature where the marginal
utility of consumption is high.) Furthermore—and this effect also operates
in a flexible-price model—higher monetary variability raises the expectation
of the future real value of money, other things equal (the convexity term).

This effect offers a possible explanation of the “forward premium puzzle.”
The puzzle is the empirical regularity that (across the major currencies with
floating exchange rates), high interest rates do not seem to be associated

23T, see the role of country size more easily, it is helpful to use the equivalent solution:

12 1 +1
v—v“z—ai{ n+n( +ze)}-

2 141

24



with expected depreciation. (If anything, the opposite is true.) Suppose
that countries with higher trend inflation tend to experience greater volatil-
ity in monetary policy (a fairly well-documented fact; see, e.g., Alesina and
Summers 1993). Then, across countries with relatively similar inflation rates
(e.g., the main industrialized countries), it is at least theoretically possible
that the forward premium is opposite in sign to the expected rate of depre-
ciation of the exchange rate.?* As a by-product of the analysis, the model
also suggests that the risk premium on nominal bonds can be significantly
negative in a sticky-price model with high monetary volatility—offering an-
other potential factor that may explain the risk-free rate puzzle and thereby
mitigate the equity premium puzzle.?®

By the same logic that we have applied to a currency’s excess return,
we also see that higher domestic monetary policy volatility can lead to an
appreciation of the domestic currency’s level in the foreign exchange market.
This effect would result from a decline in the “level” risk premium. Indeed,
for plausible parameters, this effect can be big, as we have noted.

Although high Home monetary policy volatility may tend to strengthen
the nominal value of the Home currency (since a fall in € is an appreciation),
it does not necessarily better Home's terms of trade. By the same logic we
used to derive eq. (35}, we infer that

0ue = [”_“f—i] a2
pL+3) ] *
Then, using eq. (18), we find that
i =) = {02+ [ 2 o
so that the effect of Oﬁ is theoretically ambiguous. The intuition is straight-

forward. First, consider the case where n = 1/2, so that the first term on the

UEmpirically, measured money-supply variability probably is too small to explain
forward-rate bias based on a model like ours. In reality, however, monetary shocks also
result from hard-to-measure money-demand factors, such as unpredictable shifts in the
transactions technology.

25Empirical measures of the equity premium generally use returns on nominal bonds
adjusted for ex post inflation differentials.
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right-hand side above drops out. Then, a rise in Home monetary volatility
strengthens Home’s expected terms of trade, because Home producers con-
tract planned output in the hope of limiting the rise in their labor-supply
volatility (and Foreign producers do the reverse). On the other hand, if » and
p are relatively large, a rise in ol

it
If the Home country is larger, exchange rate variability creates relatively

may worsen Home's ex ante terms of trade.

greater demand variability for Foreign agents, leading them to substitute
into leisure by setting prices higher.

Finally, our discussion has suggested that some of the results on the sign
of risk premia carry over to the case of flexible prices. Plainly the results
involving the expected terms of trade do not, since these were derived from
price-setting behavior under risk. But the qualitative results concerning mon-
etary variability and the nominal exchange rate risk premium do carry over.
In fact, in the case ¢ = 1 (log utility for real balances), both the forward
exchange rate risk premium and the level exchange rate risk premium are
identical for sticky- or flexible-price models (provided all shocks are mone-
tary); see Appendix C. There are two offsetting factors involved in the result.
Under flexible prices, the covariance between consumption and prices is zero
(rather than a negative number) when all shocks are monetary. However,
the overall price level is more volatile when it is flexible, and this makes the
Jensen’s inequality component of the risk premium larger. In the ¢ =1 case,
these two changes in moving from sticky to flexible prices offset each other
exactly. Of course, under more general assumptions (e # 1, nonmonetary
shocks, and so on), the attributes of risk premia can depend on whether the
model has flexible or sticky goods prices.

6 The Magnitude of the “Level” Exchange

Rate Risk Premium

Is the level exchange rate risk premium potentially very large and volatile?
Its magnitude depends on that of the forward risk premium and of model
parameters. Little is known empirically about the magnitude of the forward
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risk premium. Fama (1984) has argued that the small coefficients one usually
gets in forward premia regressions are a strong indication that the forward
risk premium must be highly volatile, and probably more volatile than the
expected rate of change of the exchange rate itself. Magnitudes of 0.5 to 1
percent for the mean absolute value of the one-year forward exchange rate
risk premium seem conservative, given the evidence surveyed in Lewis (1995).

The level exchange rate risk premium is larger than the forward exchange
rate risk premium by a factor of 1/i¢ in our model [recall eq. (30)]. Assuming
time is measured in vears (on the same scale as the risk premium number
we have just discussed), then a value between 0.04 and 0.08 seems plausible
for 7. It is usually thought that € is higher than one, though not necessarily
by a large margin. Thus, based on a priori reasoning, it is not implausible
to assume that 1/ie = 15, suggesting that even a 1/2 percent risk premium
in the forward rate could translate into an effect of 7.5 percent on the level
of the exchange rate. One can also try to quantify 1/ic by noticing the
interpretation of 1/¢ as the interest elasticity of money demand, and then
drawing on the theoretical and empirical literature on that topic. Both the
Miller-Orr (1966) and Whalen (1966) models of money demand predict an
interest elasticity of —0.33, which, with an average interest rate of 5 percent,
suggests a value for 1/ic of more than 5. Goldfeld’s (1973) estimates of the
interest elasticity of money demand are lower, on the order of —0.1 to —0.2,
so an estimate of —0.33 may be on the high side. Nevertheless, it remains
plausible that exchange risk can have a significantly larger effect on the level
of the exchange rate than on the forward risk premium. Correspondingly,
if the forward risk premium is quite volatile, as many studies indicate, the
analysis here shows that such volatility could si gnificantly heighten exchange-
rate volatility.

7 Volatility and Welfare

Can a fully anticipated rise in Home monetary volatility potentially be welfare-

improving? What is the effect on Foreign? We have seen that an increase
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in Home monetary volatility not only leads to a surprising rise in the Home
currency’s nominal exchange value, but it can also lead to an improvement in
Home’s expected terms of trade. In addition, expected consumption may rise
if agents are sufficiently risk averse. Given that expected global consumption
is too Jow in the nonstochastic steady-state equilibrium (due to the existence
of monopoly power), this last effect, taken by itself, would appear offer a
potential improvement in global welfare. In section 4.4 we examined how
monetary shocks are transmitted between countries ex post. Now we ask

about the ex ante welfare effects of different policy rules.

71 Calculating Ex Ante Utility

Answering such questions turns out to be remarkably straightforward. In
comparing the systematic effects of alternative policies, the relevant measure
of welfare is ex ante welfare B, U;. We will temporarily ignore the empir-
ically small money-services component of utility, in which case the Home

representative agent’s period objective reduces to

E uR.:E __tl_—._p___Kf_Yz
-1y = -1 1_p 2 t .

Observe, however, that the first-order condition for optimal price setting, eq.
(16), implies that in a symmetric equilibrium,

-1 -
Et-rlK'tY'tz = (T) Et_1Ctl p, (36)

since by eq. (13), Y = PC/Py {where, recall, C = C%). Therefore, sup-

pressing time subscripts,

Cl P koo O 77 0-1a,)_ 20 —(1—p)@—1) 1,
E{l—p_2y}—E{1—-p— 20 ¢ =B 260(1 — p) ¢ '

an expression we can easily evaluate given that C is lognormally distributed
and that we have already solved for Ec, o? and o?.

To simplify matters slightly and without affecting our main qualitative
results, we will abstract from productivity shocks. Then, making use of eq.
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(19), the final term of the last equation can be solved as®®

20-(1-p)0-1)
R _ 1-p
Eu E{ 2001 = p) C (37)
1-p
o [20-(1—p)(8 1)) fO 1) n(l—n) ,
- [ 20(1 — p) rrall B A Gl et O I
From this equality we deduce that
0 (Eu®
_(6%7)_ = —(1-p)Euf <0

(since the sign of u® is the same as that of 1 —p). One can similarly calculate
that

9 (EuR) (1-p) o r
= — Eu™ < 0.
do? 2(1 + p)
Thus, expected welfare is unambiguously decreasing in both the variability
of consumption and exchange rates.
Let us assume that the only shocks are Home monetary shocks drawn

from a time-invariant distribution. In that case we can draw on the last
5 n(l 4+ i¢) 2 5
o, = |———=| o,

p(1+1)

[recall (34)] and o2 = o are both increasing in ¢}, it follows that Home wel-

section’s results. Since

fare unambiguously falls as monetary variability rises. Intuitively, the output,
consumption, and terms-of-trade effects of greater money-supply variability
are all side effects of individual’s imperfectly successful attempts to shield
themselves from a higher level of outside risk.

26The text expression makes use of the fact that the expression
1-p 1 2y 2 (1-p? o
—Flla—-Z2{(1- LSl

2

P

simplifies to —(1 — p)o

29



7.2 Equality of Expected Home and Foreign Utilities

The ex post effects of shocks are not necessarily the same at home and
abroad in this model. As we discussed in section 4.4, macroeconomic shocks
can lead to internationally asymmetric labor-supply responses even though
their consumption effects are symmetric.?’” In contrast to knowing about
the ex post international effects of specific shocks, however, we are often
interested in seeing how alternative regimes affect the ex ante distribution
of global welfare. For example, how does a fully anticipated increase in
Home’s monetary variability affect Home and Foreign welfare? This regime
change entails internationally asymmetric changes in several macro variables.
Remarkably, however, the overall ex ante welfare effects on Home and Foreign

are identical because

Eu® = Eu*# (38)

always.

Equality (38) follows directly from the Home and Foreign first-order con-
ditions for price setting, eqs. {(16) and (17). Indeed, Home and Foreign
expected utility will still be proportional even if output enters with a dif-
ferent exponent into Home versus Foreign utility. Even though the ex post
effects of shocks need not be symmetric, ezpected utility is still equal across
the two countries because producers formulate production plans to ensure
that equality.

We have not taken into account the terms in M/P in the utility function,
but even these are identical if money shocks are permanent. (In the period
of the shock Home real balances rise by n percent since the price level rises
by 1 — npercent. Foreign real balances also rise by n percent as the Foreign
currency appreciates.) Provided the term Y in (1) is realistically small, any
differences due to real balance effects are presumably third-order in any event.

The model therefore provides an intriguing example in which there is no
conflict between Home and Foreign objectives in choosing the exchange-rate
regime, despite asymmetries in both ex ante price setting behavior and ex

post outcomes. Observe that if we relaxed the assumption in eq. (2) that

27See also Appendix D.

30



commodity-preference weights equal population weights, eq. (38) would no
longer hold, but it would still be true that ex ante Home and Foreign utilities
are proportional. In that case, too, countries would always agree on the choice
of the exchange-rate regime.

7.3 Country Size and the Cost of Currency Volatility

Equation (37) has implications for the relation between country size and the
cost of exchange volatility. When one of the countries, say Home, is so big
that it occupies nearly the entire world, n & 1, then exchange rate volatility
obviously has only a negligible effect on its welfare (because the price level
is nearly perfectly predictable in that case). Surprisingly, however, exchange
rate volatility also has no effect on the welfare of Foreign, which is of size
1 —n ~ 0. Equation (38) yields the same implication: if country size shields
Home from the effects of exchange-rate variability, minuscule Foreign must

28  This result seems to contradict the conventional

gain commensurately.
wisdom that small countries are hurt relatively more by currency volatility,
and therefore would do well to fix their exchange rates.

What explains the result? In this case, Foreign’s reduction in planned
output raises its terms of trade just enough to compensate it entirely for
exchange risk; see eq. (18). And since Foreign goods make up an infinitesimal
part of Home’s consumption basket, this terms of trade change has essentially
no effect on Home. Thus, a very small country may have little or no incentive

to peg its currency to that of a very large trading partner.”

7.4 Quantifying the Cost of Currency Volatility

One can use expression (37) to quantify the gain from moving to a fixed

exchange rate regime. Assume for this purpose that all shocks are monetary.

ZSimilarly, eq. {19) implies that 02 does not affect the expected log of consumption in
either country when Home is nearly the whole world.

290n the other hand, in a model with many equally-sized monetary unions, welfare
would be enhanced {given an absence of real shocks) by a reduction in the number of
independently fluctuating currencies.
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The experiment we consider is a monetary regime change that reduces o2 to
zero by pegging the exchange rate, while maintaining the variance of world
monetary growth (and hence ¢?) at its prior level. The calculation we offer
is meant only as an illustration, but it suggests that welfare losses due to
monetary shocks’ exchange-rate effects could be large.

Welcompute the percentage increase A in output under flexible prices,
(%)n—", that makes the consumer as well off with exchange variability as
with A = 0 but 02 = 0. (We hold o? constant across regimes as explained
above, and refer to the equivalent variation A as the “cost of exchange-rate
variability.”) The cost A is the solution to

(14 X)) "Pexp [— 2n(1 _1 T_:_)l(gl —P) crf] =1,

2n(1 —
A =exp l%ﬂaf] - L

Imagine that the time interval during which prices are set is a year, that

or

n = %, that p = 1, and that o, equals 0.20, or 20 percent per year. Then
the cost of exchange-rate variability would be a full 1 percent of GDP per
year (A = 0.01), a substantial number given the low degree of risk aver-
sion that was assumed. Raising the degree of risk aversion—while holding
intertemporal substitutability constant—would raise this estimated cost.

8 Summary

The paper developed an explicitly stochastic treatment of a “new open econ-
omy macroeconomics” model along the lines of the one suggested by Obstfeld
and Rogoff (1995). The log-linear model allows the explicit computation of
risk premia, suggests a novel possible explanation of the forward premium
puzzle, and admits possibly large effects of risk premia on exchange-rate lev-
els. The paper also models nominal price setting by monopolistic producers
under uncertainty, and shows that there will be a risk premium in the ex-
pected terms of trade that may differ in sign from the conventional currency

risk premium.
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The most compelling application of the model is, however, to welfare anal-
ysis. Explicit modeling of price setting behavior under uncertainty—rather
than the assumption of certainty-equivalence behavior that is common in the
literature—leads to very simple and powerful welfare results. A major contri-
bution is a general-equilibrium account of the welfare costs of exchange-rate
volatility, an issue absolutely central to the concept of optimum currency ar-
eas, but one that has not been adequately modeled to date (Krugman 1995).
Empirically, these welfare costs can be substantial. Our model also provides
an intriguing case in which Home and Foreign have the same incentives in
designing an optimal world exchange rate system, despite potentially large
asymmetries in both ex ante price setting and ex post welfare effects. Though
there are many differences in outcomes for the two countries, these wash away
in ex ante welfare calculations if producers set their money prices optimally.

Needless to say, while the model is highly illustrative, it is only a special
case, and a broad range of extensions is possible. A number of interesting

possible policy applications also suggest themselves.

A Flexible-Price Output Levels and Govern-
ment Spending Shocks

The first section of this appendix describes flexible-price output level implied
by the model. The second shows how government spending shocks could be
introduced.
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A.1 Equilibrium Output with Flexible Prices

Under flexible prices, the first-order condition governing aggregate supply is
given by*

Y(h)5 = (99"&1) (fpﬁ)a—gl (chdtiond (39)

We derive from eqgs. (39) and (13) the log-linear relations:

I+py = In (90_&1) + (1 = p)(1 — n)(pr ~ pF),
4oy = In ("9;,1) ~ (1= p)nlpx — pr) (40)

In logs, eq. (12) is
pr—pr =Y —Y
We can use this equation, together with those in (40), to solve for py ~ pp,

y, and y*. The equilibrium terms of trade under flexible prices are

K
PH—PF=%10g(;;),

so that the Home and Foreign flex-price output levels are

s = (L) 50 (),

L1 6—1 n(l — p) K
y _1+plog(9&*) 2(1+p)log(n*)'

Observe that because p = npy + (1 — n)pr,

*

c = ¢=c"=ny+(1—-n)y

6—-1 1 8—-1
= ——1+p[ log(——an )+(1—n)——~—1+plog( e )}

30This is the same as eq. (15) from Chapter 10 of Obstfeld-Rogoff (1996), except that
here p # 1 and supply responds positively when the general price of Home goods, Py,
rises relative to the overall CPI, P. Obstfeld and Rogoff (1995) and Corsetti and Pesenti
(1998} treat the case p # 1.

—
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A.2 Government Spending Shocks

Introducing government spending shocks into the model is straightforward.
Suppose Home government spending falls entirely on Home output and that

Y - G =Y exp(—7)

and similarly that Y* — G* = Y"* exp(~~7*). In equilibrium PC}jexp(y) =
PHY, or

(PH)_l Cw ( ) =Y,
P exp(y) =Y.
The implication is that the spending shock can be viewed as shifting the

demand curve facing a country.

Thus, with flexible prices, each home producer faces a demand curve

Y%(h) = [%}’I)] N (P?H)_l CY exp(7).

Clearly the only change from the corresponding text equation is replacement
of C¥ by C¥ exp(7), so we can write the producer’s first-order condition. as

Y(n'5 = (9 9;1) (%)%_1 [C¥ exp(7))? C~,

from which we can derive

@+ o)y =tn (2] + (1= 0) 0= o ~2r) + 03,

-1

(1+p)y*=In (W) — (1 - p)nlpyr — pr) + 7"

Because py — pr = y* — 7" — (y — ) [by the obvious generalization of (12}],
we can use the preceding two equations to derive

Py —PF =3 [(7—7‘) +log ('—':—H .

Combining the preceding three equations (and simplifying by assuming that

1—0p 1 -1
S Y [ A — 1
i 2(1+p)7 +(1+p)n( O )
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One can also derive that

oo (1) bt )

The analysis of the sticky-price case is similarly straightforward.

B Optimal Price Setting by Producers Fac-
ing Monetary and Productivity Shocks

This appendix presents the detailed derivation of the ex ante logarithmic
terms of trade and consumption solutions reported as egs. (18) and (19). In
section 3 we derived the first-order condition

E{C"*(0-1)} = E{nﬂ (_11';9)2}

H
[eq. (16)]. It can be written as

po= () B0

and the parallel Foreign relation

E{C**(0-1)}=E {ne (};:)2}

leq. (17)], can be written as

R 6 \ E{xP*2C?}
P = iy
6—1) E{C'*}
Recall that the Home and Foreign price indices are P = P5y (EP;)' ™™, P* =

(Py/EY(Pg)'"™. Using these definitions, we infer from the two preceding
price-setting equations that

P\ # \ E{xkE20-mC?}
#) -\ e
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(B = () Bess,

We assume that C and £ are lognormally distributed (an assumption
consistent with general equilibrium, as the text shows). Note that under
lognormality,

E {582(1_")02} = E {exp [log & + 2(1 — n)e + 2]} .
Thus
E {ngz(l-")cz} = exp [Elogk +2(1 —n)Ee + 2Ec + o
+ 2(1 = n)%0? + 202 4 2(1 — N)0e + 200 +4(1 — n)oee| .

Similarly,
E {C’l_”} = exp [(1 —p)Ec+1(1- p)* af] .

The equation for (Py/Pp)' ™" above therefore becomes

1
Pg\'™" 0 \?
(P’f) :(ﬁ) exp{%Elogrc—i—(1—n)Ee+§(1+p)Ec+iaz
D —

+ (1 —n)e? + [1 -1~ p)2] 02+ (1 —n)oge + uc +2(1 — n)ace} :

Likewise,

1
(P})n _ (Y exp {lElogn* —nEe+ 1 (1+p)Ec+ o2
Py 0—1 2 2 e
+ nlo? + [1 — i(l — p)z] 02 —nOgee + Ogec — 2ncrce} .

Taking logs of these two equations leads to

0
(1—n)(pH—p}—Ee)—%log(m) =1Elogk + 3 (1 +p) Ec

+ ia?c +(1- n)QUg + [1 - i (1- p)z] 02+ (1 = n)0ue + Oue + 2(1 — n)0ce

and

1

+ 162 + ol + [1 -(1- p)z] 02 — NOgee + e — 2N0e.

¢
—n (py — py — Ee) — § log (0—“—) =1Elogk* + 3 (14 p)Ec
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As noted in the text, we make the simplifying assumptions that x and &*
have identical lognormal distributions and are serially uncorrelated, so that
E._1logk, = E;_;logk}, and also 0, = Ox:e = Oxc = Ox-c = 0. Subtracting
the second from the first of the last two equations gives the expected terms
of trade under the simplifying assumptions, eq. (18):

pr —pr — Ee = (1 — 2n)o? + 20...

Finally, the preceding equations yield the expected log of (world) consump-
tion, eq. (19):

log (%) ~ Elogs — 02 — 2n(1 = n)o? — [2 = § (1 - )] o?
1+p

Ec =

C An Important Special Case with an Exact

Solution

Because the interest rate enters the money demand equation (23}, it is not
possible, in general, to write that equation in logs without resorting to a
linearization. There is, however, one important special case where a closed-
form solution exists. This case is of some interest not only in understanding
the ramifications of the model for the exchange-rate risk premium but also
because this simple case may be useful in various potential applications of
the model 3!

Suppose that ¢ = 1 so that money enters in the utility function (1) as
x log (%:) Then the intertemporal Euler equation for money (21) becomes

X.Pth {B (Ct )p}
1= + BE , 41
a, PR Pey1 \Cin (41)

where # = 1/(1 + 6).

3LThe example here is developed for the flexible-price case in Obstfeld and Rogoff (1996,
section 8.7.3}.
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Assume that money follows a random walk with drift,

M

M, (1 + pe, (42)

where ¢, is a positive serially uncorrelated shock with mean 1. (Lognormality

is not needed for the special case.) Foreign is symmetric with trend money-

growth parameter p*. Consumption may also be stochastic, due to sticky

prices, productivity shocks, ete. We require only weak stationarity assump-

tions on the consumption process, which may be correlated with money.
The basic trick to solving the model is to rewrite eq. (41) as

xP.C{ xP.Cy { M, My }
1= + E 43
M, g M, ' My XPt+ICf+1 ( )
Let us try a candidate solution in which
xf;;ICf =
t
is constant for all £. In this case, eq. (43) simplifies to
xP:Cf { M, }
1= + GE :
M, P\ M
or, taking advantage of (42},
xP.C} -1 ﬁEt(1/6t+l)' (44)

M, l+p

Note that in deriving this expression, we only required that p and E¢(1/€,4)
be constant over time. (Obviously, we are implicitly imposing no speculative
bubbles.) If we take eq. (44) and divide it by its foreign counterpart, using

the fact P, = &P}, we arrive at a reduced-form expression for the exchange

rate:
1 /BEt(l/le)
£ = 4
M 1— BE(1/€}11)
1+ p*
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An increase in the variance of Home money growth rate raises E,(1/€;4+1) since
the inverse is a convex function; the change therefore lowers the exchange
rate. Note that eq. (45) holds under either flexible or fixed prices. (One can
easily check that in the log-linear model developed in the previous part of
the paper, the value of v — v* is the same under sticky or flexible prices also
when e = 1.)

How is it possible that money-growth uncertainty can affect the exchange
rate equally under either sticky or flexible prices? Recall from eq. (26}, that
v is the sum of two components: a term involving the covariance of prices
and consumption, and a convexity term deriving from the fact that inflation
enters inversely into the money Euler condition. Under flexible prices, the
overall price level is more volatile. Therefore, the convexity component of
v is correspondingly larger. When ¢ = 1, these two effects cancel exactly.
When ¢ < 1, the convexity effect is actually larger. One can easily solve for
the forward exchange rate risk premium and show that for € = 1, it has the
same value under fixed and flexible prices.

D Ex Post Welfare Effects of Monetary Shocks

The first section of this appendix analyzes in detail the global ex post welfare
effects of monetary disturbances. The second shows in a general setting how
terms-of-trade shifts can bring about asymmetric domestic and foreign effects

of domestic monetary shocks.

D.1 Calculating Ex Post Welfare Effects

The effects of a monetary innovation on the Home representative agent all
occur in the initial period of the shock. For concreteness, but with no loss of
generality, consider a permanent (small) percentage increase dm in Home’s
money supply. Let us assume temporarily that x is nonrandom and ignore
the (empirically small) money-services component of utility. We thus focus
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on the period utility component

chl—p —EYz;
1—p 2

u

see eq. (1).

Assume the shock moves the world economy away from an initial path
where C177 and Y2 equal their expected values as of the period before. Then
the utility effect of the shock dm is

duf dc dy

= EC'"P— — KEY?-Z,
am am 0 Gm

Recall, however, eq. (36):

0 —
ExY? = (—rl) EC'™.
Observe further that by egs. (4), (5), and (9), in a symmetric sticky-price
equilibrium,

dy = (1 — n)de + dec.

Putting the last three equations together, we infer that the ex post welfare

effect on Home is the sum of two separate effects:

R -1
o (1) - po () m

dm m dm’

The first term here represents the increase in welfare resulting from a rise in
output when price exceeds marginal cost. This welfare gain accrues equally
to Home and Foreign, as in the analysis of Obstfeld and Rogoff (1995). The
second welfare term arises because the Home currency depreciation switches
global demand from Foreign to Home. That term, which reduces Home’s
gain from its own monetary expansion and augments Foreign’s, was absent
from the model in Obstfeld and Rogoff (1995). [The next section of this
appendix explains why, and shows that in models more general than this
one, the expenditure switching exchange-rate effect on Home welfare can be
negative (as here), positive, or nil (as in Obstfeld and Rogoff 1995).]
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Using eqs. (30) and (33) and our assumption of a permanent Home
money-supply increase, we compute that

duf  EC* [(1+i€)n
dm 0 p(l +17)

—(9—1)(1—n)}.

This expression shows plainly that even a small money-supply increase, de-
spite expanding Home consumption and output, need not have a positive
welfare effect on Home itself (Home residents work harder). Foreign always
gains, however. If the model contained an additional distortion making Home
work effort lower—such as a domestic income tax—a positive welfare effect

on Home would be more likely.

D.2 The Terms of Trade and Asymmetric Transmis-
sion

What explains the asymmetric ex post international transmission of mon-

etary shocks in the present model, as compared with the symmetric trans-

mission in that of Obstfeld and Rogoff (1995)7 The answer is clearest if we

generalize the model to allow for a possibly nonunitary (but still constant)

elasticity of substitution, w, between Home and Foreign goods. In that case

the index of total consumption becomes

w—1

L w=17%o
C=[n50H‘“’ +(1—n)ZCF“’1 1,w>0,

instead of eq. (2) (which is the w = 1 case). However, (3) still holds, and is

repeated below for convenience:

N e 17 LNE e |
cHz[(-T-L)/OC(z)edz} ,C’F:{(l_n)fnC(z)ﬂdz] 0> 1.

Consider the special case in which w = 8, so that substitutability in

consumption does not depend on production locale. In that case we have

8

C = [I)IC(Z)QB_ldz]ﬁ,
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as in Obstfeld and Rogoff (1995). In the general (f # w) case, we have the
price indexes

1

Py = [l/nP(Z)l—gdz}ﬁ> Pp = [ ! fan(Z)lgdz]l_j

7 Jo 1—-mn
and the demand functions

C(h)ul[P(h)]_ocH, o) = [ﬂﬁ]c

T n| Py 1—-n| Pp

The demand for the aggregates Oy and CF is given by

P —wr P — W
CH=n(—}f-) C, Cr=(1—n) (-J-Df) c,
where .
P = [nPy 4+ (1—-n)P}e]".
Because

B &—w B & -w
CH——’I'L(P) C,CF—H(P) C,

we see that individual Home and Foreign producers will face the world de-

mand curves:

P (Pu\™ P (PeN ™
C(h) = [?H“] (?) cv, C(f) = [—PF—] (7»“) cY. (48)

The intuition behind this specification is quite important. In the model of
this paper w = 1 < 8, so the Home and Foreign output baskets are less sub-
stitutable than are different Home (or Foreign) commodities for each other.
This means (as we show in a moment) that if all Home producers lower price
simultaneously, the global demand response for a single producer is smaller
than it would be if that producer unilaterally lowered price. From a national
standpoint, therefore, producers overestimate the price elasticity of demand.
(There is a pecuniary externality.) This is the key reason for asymmetric
effects of small exchange-rate changes in this paper’s model. When instead
w = @ {as in Obstfeld and Rogoff 1995), each individual producer perceives

a demand curve that accurately reflects the country’s monopoly power in
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trade. This feature lies behind the symmetric effects of small exchange-rate
changes in Obstfeld and Rogoff (1995).

More formally, observe that for a representative Home good (say), eq.
(46) can be solved for P(h) to show that real revenue is

P(h)Y (k)
P

- v de(H) TEemi, (47)

where ®'(Py/Pr) > 0.
The experiment we consider is a small increase in Home output, holding
world consumption C¥ constant. {This corresponds to a pure expenditure

switching effect.) Notice that marginal national revenue, computed using eq.

(47), is
6—1\ Py 0 —w Py
NR = (—9“‘) Bt (—9—) (ne) (UPH/PF) o (48)

where a1 <I>(P /P )

og H/LTF

= >0
= " qlog(Pr/ Pr)

and

dlog(PH/Pp)

= < )
NPu/Pe = T logY (h) 0

Marginal private revenue (as perceived by the individual producer) is just
the first summand of the right-hand side of eq. (48),

- (552) 18

that is, PR is the derivative of total real revenue holding the aggregate terms
of trade Py /Py constant.
In a symmetric equilibrium with P(h) = Py for all A, individual mo-

nopolistic producers produce too much (from the parochial perspective of
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maximizing real national revenue) when 0 > w and PR > NR. Such is the
case in this paper, where w = 1 is assumed. In the standard competitive
model of the optimal tariff, # = co and so the country overproduces absent
a protective tariff. Interestingly, however, NR > PR when ¢ < w, s0 in
that case national real income is raised if producers jointly expand output.
In the case § < w a country expanding its money supply would reap a sec-
ondary short-run gain from the depreciation of its currency, rather than the
more conventional secondary terms-of-trade loss. The case analyzed in Ob-
stfeld and Rogoff (1995) is the one in which § = w, so that NR = PR and
the expenditure switching effect of a currency depreciation has no first-order

welfare consequence.
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