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ABSTRACT

The shift froma fixed-exchange-rateregime to a flexible regine, in
whi ch central -bank exchange-mar ket intervention has been highly visibl e, has
renewed interest in studying the effects of intervention. | n separate work
started by Engle (1982), new techni ques have been devel oped to anal yze ri sk
prema in asset returns and particularly in exchange rates. W utilize a
f ramewor k devel oped by Hodrick (1989) to show howcentral -bank intervention
can affect both the | evel of exchange rates and the risk premum W assune
specific forms for preferences and for the stochastic processes of the
exogenous vari abl es and show howthe risk premumis related to the
condi tional variances of intervention and the other exogenous processes. This
approach differs fromprevi ous anal yses of intervention by explicitly relating
interventionto the risk premum This lays the groundwork for future tests
of the theory's inplications for the intervention/risk prem um relationship.
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|. Introduction

Central -bank intervention in exchange markets has increased
nmar kedl y since 1985, renew ng interest among econoni sts i n under standi ng the
effects of this activity. A though the current regime is ostensibly one in
which rates are permtted to float, central banks commonly intervene to
i nfl uence the | evel of exchange rates as well as to reduce the rates'
volatility. GContinued intervention is based on the belief that such actions
i ndeed have the desired effect.

A nore general interest in discerning the effects of intervention
results fromthe potential significance of this activity as a policy
instrunent. |If sterilized intervention(intervention that has no i npact on
nonetary pol i cy) can influence exchange rates, then policynakers have a third
instrurment (in addition to nonetary and fiscal policy) with which to achieve
their targets.

Deternmining the effectiveness of intervention al so has inplications
for other policies. |f bonds that differ only in currency denonmnation are
perfect substitutes for one another, then interventionnay be ineffective.
However, this may inply that fiscal policy would be ineffectivein a small,
open econony with floating exchange rates (S ebert [1989]).

Intervention may influence the risk premumin exchange rates as wel |
as the level of exchange rates. A though reducing exchange-rate volatility is
a somewhat different obj ective than influencing the | evel of exchange rates,
intervention for this purpose may indirectly influence the | evel of exchange

rates, because changes involatility nay i nfluence the risk premumthat
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investors require in their return on foreign exchange.

Mbst recent studies of exchange-rate determnation give the risk
premuma promnent role. This can be traced partly to the failure of earlier
theories that did not explicitly consider risk. The presence of a risk
prem umcan expl ai n a di vergence of the rates of return between donmestic and
foreign assets, neasured i n the sane currency(that is, a violation of
uncovered interest parity).

As a result of such findings, we now have theories to expl ai n how such
arisk premumcould arise. In addition, largely as a result of the work of
Engl e (for exanple {1982]), new techni ques are now avail abl e to anal yze tinme
variationin conditional variances. Conditional variances nay be cl osely tied

to perceptions of future volatility and, thus, risk.

ITI. Channels of Influence in Central -Bank Intervention

To under stand t he nechani cs of a typical spot-nmarket intervention,
consi der a transaction designed to offset a dollar depreciation. |nthis
case, the Federal Reserve woul d purchase dollars for marks on the spot
mar ket froma conmercial bank. This would typically give the Federal Reserve
two business days for delivery of nmarks. To finance the transaction, the
Federal Reserve woul d sell nark securities held in accounts with the
Bundesbank. The Bundesbank woul d act as the agent for the Federal Reserve,
establ i shing an account for the U S central bank with the proceeds of the
security transactions. The Federal Reserve woul d then settle the spot

transactionw th the conmercial bank by drawing on its account with the
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Bundesbank. The net effect is to decrease U S. reserves and the nonetary
base.

Then, in order to sterilizethe intervention(that is, offset its inpact
on reserves), the Federal Reserve may sell the equival ent amount of U S
governnent securities, leaving as the only net effect of the two transactions
a change i n the Federal Reserve's and the private sector's portfolios of
donestic and foreign assets. If the initial transactionis not sterilized,
then it is equivalent to an open narket operation. Since the inpact of open
nmar ket operations is presurmably better understood than the inpact of
i ntervention, nmost studies of interventionfocus on sterilized interventions.

Sterilized interventioncould natter if the currency conposition of
debt influenced the exchange rate. 1In the portfolio-bal ance approach,
exchange rates are detern ned by expected nomnal rates of return on debt of
different currency denominations. |f investors care about portfolio risk and
expected rates of return, and if bonds of different denom nations are
i nperfect substitutes, then shifts in asset supplies will alter portfolio risk
and i nduce changes inrates of return and i n the exchange rate. This was the
predom nant approach to anal yzing the effects of intervention in the 1970s.
Even if foreign and donestic assets are inperfect substitutes,

intervention nay not natter under R cardian equival ence(see (bstfeld [1982]).
In that case, agents do not regard the government bond hol di ngs as part of net
wealth, and fully capitalize future tax effects, neutralizing the inpact of
intervention. Backus and Kehoe(1988) enphasize the key rol e played by the

gover nment budget constraint in anal yses of intervention. |f other governnent
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policies are changed, then the inpact of the overal| operation depends on the
structure of the econony and on the exact nature of the policy change.
However, under Ri cardi an equi val ence, exchange rates are unaffected by
interventionif [unp-sumtaxes are |evied on the representative consuner.

Anot her channel through which interventionmay matter is its effect on
expectations of economc conditions or policies. |n particular, intervention
nmay provide a credi bl e signal of changes in future nonetary and/or fiscal
policies. Exactly why intervention would be chosen as the signal is unclear.
However, once the central bank has intervened, it may stand to | ose noney by
not fol |l owi ng through on the expected policy. For exanple, if the US central
bank purchases dol | ar-denoni nat ed bonds and sel | s foreign currency bonds to
signal its intentionto allowthe price of dollars torise, it has an
incentive to increase the price of dollars and thus the val ue of its hol di ngs.
Recent research anal yzi ng ot her possible incentive effects of central -bank

interventionis summarized by (bstfeld (1989a).

ITI. Does Intervention Matter?
Mbst enpirical studies conclude that intervention does not influence

exchange rates. Many of these studies indirectly examne the influence of
intervention by testing the hypothesis of perfect substitutability of bonds
that differ in currency denomnation. The usual technique is to regress

ei ther exchange rates or the difference between the rates of return on foreign
and donestic bonds (the covered-interest parity condition) on neasures such as

relative supplies of debt denomnated in different currencies. Nunerous
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studi es, summari zed by Véber (1986) and Henderson (1984), incl ude asset
supplies as explanatory variabl es and find evi dence agai nst i nperf ect
substitutability. On the other hand, Danker et al. (1985), Loopesko (1984),
and Johnson(1988) find evidence for inperfect substitutability. However,
little of the variationin the dependent vari abl e can be expl ai ned by rel ati ve
debt supplies. This, inturn, inplies that interventionis not likely to have
nmuch inpact, since it is small relative to the debt aggregates.

The previous di scussion of the role of the government budget
constraint and the tenuous |ink between perfect substitutability and the
effects of intervention should nake us cautious ininterpreting these results.
Without having specified and control |l ed for possible effects operating through
the budget constraint, these enpirical studies nay be m sspecified.

Recent investigations have inplied arole for intervention as a
signal. Domingues (1988) finds that US intervention has played a role in
signal i ng changes in nmonetary policy, but that the effectiveness of
intervention depends on the credibility of the nonetary policy. Wen actual
and announced nonetary policies are inconsistent, intervention nay be used to
send a false signal to the nmarket. Thus, intervention shoul d be considered
part of overall nonetary policy. Humpage (1988) finds that intervention has
aninitial, one-timeinpact if it is supported by consistent statenents of
changes in nonetary and fiscal policy and by coordi nat ed acti on of central

banks.
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There is some evidence that Canadi an central -bank i nterventi on has
systenatical | y reduced short-run exchange-rate fl uctuati ons(Pi ppenger and

Phillips [1973]). However, this conclusion is disputed by Sweeney (1981).

I'V. R sk in Exchange Rates

Evi dence

A wi de variety of evidence suggests that there is a risk premum
conponent to exchange rates(see Hodrick [1987]). Mol ation of the uncovered-
interest parity condition(expected profits to forward specul ati on shoul d be
zero) and the poor out-of-sanpl e predictive perfornance of |og-linear
exchange-rate nodel s relying on first noments suggest a ri sk prem um
However, evi dence of a risk prenumhas been synonynous with the failure of
previous theories of exchange-rate determnation. Not all investigators are
convinced that a risk premumexists(for exanple, Froot and Frankel [1989]).
Expectational errors nmay expl ai n the above anonalies. Tests of the parity
condi tion involve the joint hypothesis of market efficiency, perfect
substitution, and capital nobility. Such considerations further conplicate
interpretation of the results.

Many enpirical investigations into the risk premumin
forei gn-exchange rates nodel risk with tine variationin conditional variance
usi ng Aut or egr essi ve Condi tional Heteroscedasticity(ARH. Usef ul
di scussions of this literature are found i n Hodrick(1987) and Frankel (1989).

Pagan and Hong (1988) and Nel son(1987) question the appropri ateness of the
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ARH formulation. Qher investigators(for exanple, Lyons [1988]) extract
variances inplied by options-pricing fornulas and find tine variationin
"risk." However, the significance of the magnitude and tine variationin the

risk premumis uncl ear.

Exchange rates have been at various tines viewed as the rel ative
prices of currencies, the relative prices of donestic versus forei gn goods,
and the rel ative price of assets denomnated in different currencies.
However, as Dornbusch (1985) states, "...it becones readily apparent that in
nost instances real, nonetary, and financial considerationsinteract in the
determnation of exchange rates."

In nodel s of the risk premumthat incorporate optimzation and
equi | i bri umbehavi or under uncertainty, the risk premumw || depend on the
ri sk preferences of the consurers, on other paraneters of the nmodel, and on
the stochastic properties of exogenous variabl es such as noney. Lucas (1982)
and S ebert (1989) present contrasting theoretical approaches to the
determnation of exchange rates in general equilibriumunder uncertainty.

Tests of theoretical nodels of the risk premumare grow ng i n nunber.
Ininternational capital asset pricing nodel s of nean-variance optim zing
consuners, tine variationin risk should be related to tine variationin the
covariance nmatrix of asset returns. Exanples of this approach are Engel and

Rodri gues (1987), G ovannini and Jorion (1989), and Mark (1988). Hodrick

(1989), Ccumby (1988), and (bstfel d (1989b) test consunption-based asset
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pricing nodel s in which the risk premumis related to time variationin the
stochasti c processes of the exogenous vari abl es, includi ng noney. Both
appr oaches have had |imted success in explaining risk pren a.

The role of interventionin explaining foreign exchange risk is
largel y unexpl ored. One reason nay be that early investigations focused on
the ability of debt variables to explainthe deviationfrominterest-rate
parity, with that deviation being a neasure of risk. However, thereis
evidence that the volatility of exchange rates has varied across nonetary
policy regines (Lastrapes [1989]) and that the inpact of interventionis

related to nonetary policy(Domngues [1988] and Humpage [1988]).

V. The Model

The theoretical nodel we present provides testabl e hypot heses about
the influence of interventionon the risk premumin foreign exchange rates.
The consunpti on-based asset pricing nmodel of Hodrick(1989) is nodified for
this task. In his nodel, the risk premumin the exchange rate is a function
of the conditional variances of noney, government'’s share in production, and
productionitself. Sinplifying assunptions about preferences and about the
stochastic properties of exogenous variables are necessary in order to derive
cl osed-formsol utions indicating the rel ati ons anong the exchange rate, the
risk premium and the first and second norments of the exogenous processes.!
Wt hout such assunptions, it is difficult to say much about the |ikely inpacts

of intervention on the risk premium.?



http://clevelandfed.org/research/workpaper/index.cfm
Best available copy

Qur nodel differs fromHodrick's mainly by including intervention. 1In
Hodri ck' s nodel , consuners and governnents each face cash-i n-advance (A A
constraints, and the total stock of each currency is split between private and
government al hol dings. V¢ nodel intervention in terns of governments' hol di ng
of foreign currencies. Interventionis actually variation in the stock held,
i nfl uenci ng the anount of currency available for private or government
consunption. I n Hodrick's nodel, the variability, as well as the | evel, of
private noney i nfluences exchange rates and the risk premum Thus, in our
nodel , the | evel, as well as the variability, of interventioninfluences the
rate and its risk premum In effect, know edge of the stochastic process
describing intervention inproves the ability of nonetary aggregates to predict

exchange rat es.

Endowrent s and Ti m ng

Two countries, indicated with subscripts 1 and 2, each produce one
good, which is al so the endownrent of each country. The realizations of the
two exogenous, nonstorabl e goods are denoted Y,, and Y, . V& assune that
the goods nmarkets are open at the start of the period and that asset markets
are open at the end. It is convenient to think of each househol d as conpri sed
of two agents, one that takes the accumul at ed cash out for shoppi ng, and
anot her that subsequently enters the asset market to purchase cash, bonds, and

equities.
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Informati on about the state of the world(detailed bel ow becones
avai l able at the start of the period. The government and the private shopper
enter the goods market with avail abl e cash bal ances. The governnent's cash
bal ance can be augnented through new currency issue and is also influenced by
intervention. Any renaining cash bal ances, in addition to the gross returns
on bonds and st ocks, becone avail able to the consurmer for the subsequent asset
markets. Lunp-sumtaxes or transfers are also levied in the second hal f of

the peri od.

Gover nient

Each gover nnent purchases sone of the endowrent of its own country,
col l ects | unp-sumtaxes, supplies state-contingent clains to its own currency,
prints its own currency, and intervenes in the forei gn exchange narket by
pur chasi ng sonme of the foreign currency. The real quantity of government i’s
purchases of good i at tinmet is G,,. Because consuners do not val ue
governnent spending, variationin G, affects the anmount of the endowrent
avail abl e for consunption. ;. is the |unp-sumtax |evied by governnent i
inthe asset market. B,,,,(X.,) i S the amount of noney i that governnent i

promses to pay if state x,,, occurs. Its currency i value at tinet in state
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%, 1S 1y (XppyrXy) - The gross growh rate of noney i over periodt, M, . /M.,

is denoted @,,. The outstanding anount of noney i and the anount hel d by
the foreign government at the end of period t-1 are denoted M;, and M,,
respectively. Nominal governnent purchases of endowrent i in the time t goods

mar ket are constrained by the governnment's hol di ng of currency i cash bal ances

at the start of periodt, Pﬁ,t, pl us any additional currency i to be suppli ed.

I n Hodrick (1989), the additional amount represents the anount printed
by government i and supplied in the asset market. Here, however, governnents
pur chase foreign currency and do not spend it. So, the additional amount of
currency i to be nade available is the amount printed net of the increase in

foreign hol dings of the currency. This AA constraint can be expressed as

(1) P,,G,, = M

S + (Y

F F
it+l Mit) - (M‘it.+1 - Mit.)'
The hol di ngs of the foreign currency have no effect other than to reduce the
anmount of currency avail abl e to purchase foreign goods. For sinplicity, we

ignore any effect of govemment earnings on foreign reserves.?

Expression(2) is the governnent budget constraint.

(2) G, = 7 f 0 (Keyq X)) Biper (Rpag) ey - By (%) Mgy - Mie)
it it + P

’ i=1 ’ 2 ’
it Pit
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where P, is price incurrency i of the good/endowment of country i.

Agents' Preferences and Constraints

Fol | owi ng Hodrick (1989), we assure that all agents' preferences are
horot heti ¢ and, thus, that there is a representative consuner in each country.
Preferences and initial wealth | evels of the two consuners are assured to be
identical and each consuner is taxed equal ly by the two countries. Each

representative consuner maxi mzes expected lifetine utility as in
(3) Ey ) BU(Cy;.Cp), 0 < B <1,
t=0

by choosing C,, and C,, and by maki ng her savings deci si ons.

The consurer in each country faces two constraints: a dA constraint
and a budget constraint. The A A constraint, expressed in real terns, shows
that purchases of good i are constrained to be no greater than the anount of

currency i held by the consuner when she enters the goods narket :

(4) Cyy = Mpltnlt.’

(5) ©,C,, < M°,, 10, .

Here m,, = 1/P,, is the good one purchasing power of currency one, and I, = S, /P,
is the good one purchasing power of currency two. S, is the exchange rate

of currency one per unit of currency two, and 6, = S,P,,/P,, is a "real terms of

trade, " al t hough goods cannot be exchanged directly in the nodel. Note al so

t hat noni es cannot be exchanged directly in the goods narkets. *
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Purchases of assets are constrained by the agent's wealth at the tine
she enters the asset narket, after havi ng nade her consunption choi ces, net of
taxes. Vealth includes unspent nonies, realizations on previous purchases of
stat e-conti ngent bonds, and realizations on equity shares. Agents in each
country can buy and trade titles to the endowrents of each country. The
nunber of titles to the endowrent of country i purchased in the asset narket
at tinet is denoted Z,,,,. The associated currency one price is denoted Q,,.
For conveni ence, we assune that there is just one share of the endowrent for
each country. The period t budget constraint, identical to Hodrick(1989) , is

r epr oduced her e:
(6) HltMp1t+1 + HZt.Mgt+1 + an 0y (Xpyq, %) Bl;t+1 (Xp41)dReyy o+ IIZJ X (X4 s Xt)Bgtﬁ'l (Rpyp ) ARy
+ ¥ Ziger + ¥y Zoeer S (Hn,MIl)t.‘ Cip) + (HZtMlzjt. - 6,Cp) + HltBI;t (%) +H2r.Bp2t (%)

b )2y + (B, 10,5002, - (1/2)(7,,48,7,,) , where % = Q. /Py,
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Agent's Sol utions

The agent chooses consunption of both goods, hol di ngs of both
currencies, state-contingent clains to both currencies, and titles to both
endowrents. The future states of the world are uncertainto the consuners,
but there is a known, first-order Markov density, F(x.,Ix,), between the
states of the world at tinest and t+1. Wility maximzation is subject to
the weal th constraint and the two QA constraints. The optinality conditions,
listed in appendix A, are identical to those i n Hodrick (1989).

. The marginal utility of consunptionis not necessarily equated to the
mar gi nal val ue of wealth unless the QA constraint is assumed bi nding. The
choi ce of noney holding will equate the current real val ue of wealth to the
expected narginal utility of money in the next period, which will depend on
the nargi nal val ues of wealth and money then. The Eul er equations for the

nonnmoney assets differ fromthose for noney, since bonds and st ocks provi de no

return until consunptionin the next period has occurred.

Equi |'i bri um
The definition of the equilibriumis identical to Hodrick but for the
inclusion of intervention as an additional exogenous process. The equilibrium

is defined as the initial stocks of nonies and bonds (M;,,B,;,, i=1,2), the

M2

stochasi ¢ processes for the exogenous variables (Y,,,G YT SR

it Tigo
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M,,.,,i=1,2,t=0 to =), choice variables (C,,,M,,,,BE,,,, 2 441,i=1,2,

1
t=Oto =), the prices (I,,6,,%,, ,i~1,2,t=0 to =), and the pricing functions
n, (%.,,,%.), i=1,2 such that 1) budget constraints are satisfied, 2 the
househol d' s deci si ons sol ve the maxi m zation problem and 3) the fol | owi ng

mar ket -cl earing conditions are satisfied:
(78) Zjp4q = %’

(7D) Bipys (Rery) = 2B3py; (Rey), 1 = 1,2,

(7¢) 2C,, + G, = Y,,, i = 1,2, and

P -
(7d) Mit+1 = M§t+1 + Mft+1 + 2Mit.+1’ l=1’2’

d osed-For m Sol uti ons

Inorder to showexplicitly howinterventioncan influence the
exchange rate and the risk premumin the exchange rate, we assune particul ar
stochastic processes for the exogenous variables. V¢ foll ow Hodrick regarding
t he assuned processes, noting the key rol e pl ayed by assunpti ons about the
stochasti c i ndependence of exogenous variabl es. Hodrick exami nes variation in
government' s share of output as an independent exogenous variabl e. Gover nnent

expendi tures influence the anount of output avail abl e for consunpti on.
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Bel owwe define the rel evant vari abl e as consumption’s share of

out put, which, given the assunptions of the theory, just equal s one ninus the

governnent's share.>

Lower-case letters denote | ogarithns, and w,,,, denotes

the logarithmof the gross growh rate of currency i, Q. =M;;\,/M,,,. V& assunme

conditional |og-normality for outputs and gross noney-growth rates.® We

define the proportion of currency i held by the foreign government by

Cip = Et/Mit and assune that the ¢ s and the consunption shares x

(defined as [Y,,-G;. 1/Y,,) are conditionally uniformin distribution.

Fornal |y, these assunptions are

(8a)

(8b)

(8¢c)

(8d)

(8e)

(8£)

Yo =

y21:.+1

Wit+1

Wat+1

X1t+1

X2t+1

PV + (1-P1)y1

p2y2t.

= PRy

p41"2t.

PX

PeX

it

2t

+

+

(1-p)y,
(1-p)w,
(1-p,)w,
(1-px,

(1-p)x,

+ £1t+1’

+ €2t+1’
+ E3t.+1’
+ §4t+1’

+ §5t+1 ’

+ €gpen
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(8g) Coeer = PS1e T (l—p7)§‘1 + €
(8h)  C,ipy = Pela + (L-p)8, + £50000

where 0 < lp | s 1, i=1 to 8, and each §it+1, i=1 to 4 is normally distributed

w th conditional nean equal to zero and conditional variance denoted h,,.

However, each ¢,

jeq0 10 to Bis distributed unifornty on the interval [-h;

1t’hit]
wi th conditional nean of zero but conditional variance given by (h,,)?/3. W&

al so assune that the £, s are independent of each other. The conditional

vari ances are described by the foll ow ng aut oregressi ve processes:

(9) Ey(hypyy) = ¢hy + (1-6)h;, i=1,2,3,4.

Here the term on the | eft-hand side is just Et[Et+1(§it+22)], and the h;s are

the uncondi tional variances. The conditional and unconditional variances of

both the forei gn noney shares and the consunpti on shares are denot ed (hit)z/s

and (hi)2/3, respectively. The state of the econony, x., is defined as

(¥, Mier1 1 ®ier XjprSieer TiwoByer 1=1,2, j=1,8, t=0 to =}, and the 74, and
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Xy vectors are Markov processes.

As in Hodrick (1989), we assune the follow ng utility function:

(10)  U(Cyy,Cpp) = [1/(1-11CYY + [1/(1-6)]cLS.
Here we have assumed constant rel ative risk aversion. The nagnitude of the
paramet er of risk aversion(which is also equal to the paraneter expressing
intertenporal substitution) will influence the response of prices such as the
exchange rate t o shocks from processes such as intervention.

In addition, we assurme that the QA constraints hold with equality,
i npl yi ng constant unitary velocity of noney." However, Hodrick,
Kocherlakota, and Lucas (1989) indicate that rel axing the constraint is not
likely to alter velocity greatly. Wen conbined with market cl earing, the
bi ndi ng constraints inply the fol |l owi ng key rel ati ons:
(A1) My = Y,/ My (15,01

(12) My = 6, Y, /[ M4y (1-5,,, 01

Her e, since endownents nust be consuned, changes i n end-of -peri od-t
forei gn hol dings of currency one inpact the price of good one in that period
by reduci ng noney avail abl e for purchases, given the total available, M,,,,.

Al though set in the goods narket before the noney is injected, the goods price
i s influenced by intervention, since the governnent's purchases indicate the

anount of noney (net of the anmount absorbed by the forei gn governnent) that

t he government nust inject into the asset narket.
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g, the spot nmarket currency one price of currency two, can be

t?

expressed as

(13) St. - &E _ et(YZt/M2t+1 [1-§Zt+1])

I, YoMy [1-€,,,D°

Use of the optimality conditions yields the general formof s,:

) -6 -
(14) s, = YorMiers (1€, B2 By (ByYpee Xat+1 6/(Y2t92t+1[l'gzwz]/[l'gzul])}
. =

VM (16,0, DB20E, (Ve x, TV (Yl (146, 1/01-C. L D))
Assuming that noney (net of intervention) is independent of the growh
rate of noney(net of intervention) and the other variables in(14) vyields
expression(15) for the natural logarithmof the exchange rate

(15) sy = In[Myy,, (1-¢, )1 - In(My,,(1-5, )]

Ype0a' 0] + 1nE, [

+ 1nE B L
¢ X000 B [ (185,50 /(1-8,, )] ]

+ 1n[ L 1

— ——1] + 1n| .
By Gy, Wi D) E(L/ (00 (10,000 /TS )
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Expression(15) shows clearly that increases in M., or decreases

ing¢. ., depreciate currency one (S, is the currency one price of currency tw).

B ther way, the purchasi ng power of currency one falls. The effect of a
hi gher endowrent of good one depends on the parameter ~, which indicates
intertenporal substitutability. An increase in the endowrent of good one will
i ncrease the val ue of currency one, since cash nust be accumul at ed i n advance
of purchases. An increase in the expected foreign hol dings of currency one in
the next period will reduce the anount expected to be avail abl e for purchases,
increase its future expected val ue, and thus induce increased denand now,
| eadi ng to appreciation of currency one.

To arrive at an expressionfor the | ogarithmof the exchange rate in
terns of observabl e variabl es and conditional variances, we utilize the

distributions of the exogenous processes and assune that the M,,,.s and the

$..syS @re independent and known at tine t.® I n addition, we repl ace

1n(1_§-it+j) by its first-order approxination, - to yield expression(16) .°

git,-hj ?

The theoretical val ues of the coefficients in(16) are given in appendi x B.
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(16) sy = g, + Mgy = QepMaeyy - QB + @y By - oy, + XY,

+oagwy - oy - aghyy +oaghy - e hy +oagohy,

2 2
= 0138 T @s1a ey T %ays(Byp)” - agge(ha)”.

Here we define E,, as 1n{(E,[x -61y.

wer 1) and E,, as 1n(E,[x,

t+1

In expression(16) there are miltiple channel s through which current
nmonet ary condi tions influence the exchange rate. An increase in either noney
supply (M,,,,) directly affects s, and provides information about future
noney, since the logs of the gross growh rates of noney are autocorrelated.
An increase in the conditional variance of the endowrent for good one, (h,,),
will increase the value of currency one to the extent that consuners are
ri sk-averse. An increase in the conditional variance of the growh rate of
currency one causes it to appreciate, since the conditional variance
i nfl uences expectations of future purchasing power. The intervention

vari abl es, <. do not have the one-for-one influence of the noney stock,

t+1’
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because they al so i npact the expected growh rates of noney avail abl e for
purchases. Conditional variance in interventionhel ps predict variability in
the purchasi ng power of noney, since the endownent nmust be consuned in

equi | i brium

Intervention and the R sk Premumi n the Exchange Rate

An expression for the risk premumcan be devel oped fromthe
interest-rate parity condition, expressed i n equation(17). Arbitrage inplies
equal ity between the rates of return on investing currency one in bonds of
country one, then converting to currency two and investing i n country one

bonds, and then selling the proceeds forward.

(17) exp(iyy) = (L/S,)exp(i, )F,.

F, is the forward price at tine t of delivery and paynent intine t+1. A
commonl y studi ed expression for the risk premumis E.(s,,,)-f,, which(17)
inplies is equal t0 E (S44;-5,)-(i,,-1,.).1° Expression (18), derived

fromthe optimality conditions, yields the interest rate in country one:



http://clevelandfed.org/research/workpaper/index.cfm
Best available copy

(18) exp(-i;,) =

{ Yagr1/Mreap(1-5,,,5) 118 2B, (x 1t+2_7Y1t+21—1/ [Yie02 MapsaMypep) ([1-€,, 51/11-5,, , D 1)
[Yye/ My (L0 V182V E U Waee T/ g MpgpMyge) ([1-5,, 0 1/01-60, DD

t

Assum ng i ndependence between total noney supplies, intervention variabl es,
and endowrent processes and taking |ogarithns of both sides, we can derive
expr essi on(19).

(1-¢141a)
S

M
(19) -i,, = 1ng + In E (¥ + InE [

M ] + InEE,,, (x
16+2

- 1_7
1642 7Y1t+2 )

+ InE,E,,, ( T) + InEE,, ( 1 )

1
[Mypes]/ [Mygsr (1-¢,,51/00-500 00

+ InE [ L Ty )+ InE
f‘(xlt.'f’l 1t+1 )

1
E,(1/(Mypsp/Mae) 1

+ 1nE{ }.

1
E [1/((1-8,,,,)/(1-¢, ))]

Wilizing the assumed stochastic processes of the exogenous vari abl es,
we arrive at expression (20) for the interest rate in country one. The

theoretical val ues of the coefficients are presented i n appendi x B.
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(20) iy, = @10 * @By 4+ o (I0E[Ey,, 7)) + @;313(Y,,"Y,) + g (Wymty)

+ ooy shy, + aygghgy + o0y, (8,, -0 + °‘i1a(h7t)2-

Anincrease in Y., increases the interest rate in country one if
and y are between 0 and 1. The increased denand for noney w Il increase
the current purchasi ng power of noney. However, the endowrent will return
toward its unconditional mean, and the purchasi ng power of money will fall in
the next period. This increase in expected inflationincreases i,,. However,
the increase in current consunption decreases current margi nal utility and
leads to intertenporal substitution, which nay anplify or reduce this effect.
An above-average noney growth rate will be foll owed by anot her increase in the
noney supply(although a smaller increase inthe growth rate) and thus an
increase i n expected inflation. An increase in interventionin currency one
(increased foreign holding of that currency) increases the purchasing power of
the remai ning currency one, but will be followed by a decrease in purchasi ng

power as, in the next period, ¢ declines towards its average. Wnl ess

1t+1

swanped by intertenporal substitution, an increase in the conditional variance

of good one increases i,,. R sk-averse consuners woul d desire to hold
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| ess of currency one, since good one is nmore risky. Thus, the purchasing
power of currency one rises but is anticipated to fall in the next period.
I ncreased variance of the intervention in currency one increases the interest
rate because it inplies that the purchasi ng power of that currency is likely
to fall.

Wilizing the anal ogous expression for i, and an updated version of
Sg+, We derive the expression(21) for the risk prenium The theoretical val ues

of the coefficients are found i n appendi x B.

(21) Ey(sy4q-£y) = agbhyy - e hy 4 oaghy - a by,

1Y) + a (B, -In[E (x, ."5)])

@, 5(E¢E - InE (x 2642

1t+2

2
o7 (hypey)” - g (h8t+1)2'

+

If the conditional variances of both endowrents increase by the sane

amount, the risk premumis unaffected if p,="p Anal ogous st at enent s

.
can be made for the conditional variances of noney-growth rates. The extent
to whi ch equal changes in conditional variances of fset one anot her depends on

the extent to whi ch such changes are expected to be propagated into the

future. Increasing the conditional variance of foreign hol di ngs of currency
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one increases the risk premum here defined in terns of currency one/currency
two. Increasing the other conditional variance has the opposite effect.
However, if the conditional variances of both intervention vari abl es i ncrease
and are propagated equally into the future, there is no effect on the risk
premum Expression(2l) makes clear the need to distingui sh between the

variationin total noney supplies and the conponents.

VI . Concl usi on

In this paper we have nodified a nmodel devel oped by Hodrick(1989) to
show how i nterventi on can i nfl uence the forei gn-exchange ri sk premum Ul ike
previous studies of intervention, we specify the nechani smthrough whi ch
i ntervention shoul d i npact the risk premumin exchange rates. Wil e previ ous
studi es of interventionhave anal yzed sterilized intervention, here we nodel
i ntervention as changes in forei gn governnents' hol dings of donestic currency.
The proportion of currency held by the forei gn governnent as well as the
condi tional variance of that proportion can influence the | evel of the
exchange rate. The risk premumis shown to be a function of the conditional
variance of the intervention variable as well as the conditional variances of
t he ot her exogenous vari abl es, including the total noney supplies. Future
work will test the theory's inplications for the intervention/risk prem um

rel ati onshi p.
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Foot not es

1. See S ebert (1989) for an exanpl e of an anal ysis of the determ nants of
the risk premumthat avoi ds parameterizationof preferences and distributions
of the exogenous vari abl es.

2. O course, the assunptions may be inappropriate for the application at
hand. Pagan and Hong (1988) di scuss problens with the ARCHfornul ati on as
enpl oyed by Hodrick(1989). Cumby (1988) cites the assunption of
time-separability as a possibl e explanation of the failure of one particul ar
version of the consunption-based asset pricing model to explainrisk premain
forward specul ati on.

3. Here we do not assune sterilization. Leahy(1989) discusses the
significance of earnings on foreign reserves, indicating that such earni ngs
are not | arge enough to have nuch of an inpact. |n any case, the effects of
the disposition of such earnings involve issues simlar to those rai sed
regardi ng the i npact of portfolio bal ance effects.

4. See Stockman and Svensson (1987), p. 183 for the solution of a simlar
nodel when currenci es can be exchanged directly in the "goods" narket.

5. O course, one can argue that these shares are not independent of

overal | output. However, it may be of interest to followother enpirical work
and to examne the rel ati on between variation in consunption and exchange
rates (for exanple, Cumby [1988]).

6. Pagan and Hong(1988) claimthat assumng linearity in the conditional
mean exaggerates the true volatility in such series. They clai mthat

nonpar anetric esti mati on of the conditional mean and conditional variance
inplies different results. Diebold and Nason(1989) argue that it is unlikely
that out-of -sanpl e predictive performance for exchange rates w |l be inproved
by taking advantage of nonlinearitiesin conditional neans.

7. See Stockman and Svensson (1987), p. 175 for a di scussion of how
assunptions about the timng of information alters this result in related
nodel s.

8. The assunption that both the M, s and the M,,;s are known at the

start of period t is unnecessary to yield a cl osed-formsolution. A binding

A Aconstraint inplies only that M;,,,(1-¢, ) is known at the start of the period.
However, agents woul d presunmably make use of their know edge of this net

anount in formng their expectations of noney vari abl es dated t+2.
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9. Athough the approxi mation error involved here nay be "smal|" it nay
have a large effect on the estinmates of conditional variances. Toget her wth
footnotes 6 and 8, this highlights the crucial role that nust be pl ayed by
paraneteri zation of the expectational terns in expression(15).

10. CDerivation of a simlar expression for the risk premum E,(S,,,)-F,,
i s discussed in Hodrick (1987), pp. 13-15.
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Appendi X A
The first-order conditions for the agents' problemflowfromthe val ue

function

(Al) V(wt’nltMI;t’nthgt’xt) = max { U(Cy,Cy,

v Bl (W MeaaMies oMoy X D F(Rp g | X ) Ay ),

where weal th, W, is defined as

(A2) W, = HltM::cL’t + HZtMgt + HltBi’t(xt) + HZtht(xt) + (P, 1002, + (P, 16, Y,.)7,, .
Maxi m zation is with respect to private consunption and choi ces of

noney hol di ngs and hol di ngs of bonds and equities. The actual transition

probability is assuned to be known. If A is the nultiplier for the
period-t budget constraint facing the consuner, v, is the miltiplier for
the period-t currency one QA constraint, and v,, is the miltiplier

for the currency two QA constraint, then the first-order conditions are
described by (A3) through (Al0):

(83) Uy = X, + vy,

(Al) U,, = (A, + vy,)8,,

(A5) A\, — BE[(Apyq + ”1t+1)n1t+1| )
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(86) ALy = BE[(Apsr + Vaer1)Mopra ]
(A7) At]plt = ﬂEt[ll’]_t-i-l + Y1t+1)At+1| ’
(AB) X, — BE, [(pesy + BrraYaorrs) Aeals

(A9) AJLny (Repg,Xy) = oIl F(Rp1Xe) | ¥ Xy

(A10) ATLinp(Rey1.Xe) = Bl F(Rp1x), v Xy
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The theoretical values of the coefficients in expression (16) are

@0

sl

s5

s6

Y

s8

s9

s10
s11

513

s14

@15

The

i10

i1l

@13

@14

@415

= @ept, - (a8, + (1-6)(L-p)y, - (L-N(L-p )y, + (L-p Dy = (L-p)u,,

—a, =ay =0, =1,

= (-7,
= (1-8)p,,
=0,

= P49

= (1-n/2,
— (1-86)%/2,
= a5 = 1/29
)

= Py

= a,,, = 1/6.

theoretical values of the coefficients for expression (20) are

= -Ing + w, - (1-)2(1-¢)h,/2 -
=a,, =1,

= - (1-m)p,(p-1),

= 9,7

I

(1-N*(1-4,-p,5/2,

(1-4,)h,/2

< oy (Lopy)E, - (1-6,) ()76,
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32

@16 < - (¢3+P32)/2,
Q17 = P7(1'P7),

@18 = (1-¢,-0,)/6.

The theoretical values of the coefficients in expression(2l) are

o, = (1-1% 22,
a, = (1-1)%p,%/2,
ag = (1+p,2)/2,
@, = (1+p,2)/2,

@5 = g = 1: @7 = p7/6’

p py/6.

r8
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