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In this paper I Suggest a partial answer to the question:
if forward and Spot currency markets are not "efficient™ in the
Eengse that ap average the speculative profits agents can make in
this market given information at the time expectations are formed
are nonzero, why are 1:1::1:1- Dot 50? Research that has suggested the
inclusion of risk premia has met with mixed results in empirical
Eests. This PEper suggests thae treating currency as having differential
ligquidity serviees in g dynamic programming framework provides an
altemative model that can accommodate some empirical facts that

risk premia alone cannot account for,
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formed. Together with the assumption of risk-neatrality{las well as
the abgence of ligquidity oreference. imperfect markets and tranzactions

costs)l recional expectationssimplies the well-known efficient markets

nypothesis
II = I:I, =
(L) E{It+k, t] K I,2
where Y iz the rate of return te speculative activity at time
t k periods off and I, is the informstion set at time  t.
Interest has been genevated, in recent years, as to how well

this_;elgtinnshjp holds up in foreign exchange markets, specifically,
the market for forward currencies. In this context, the simple efficient

markets hypothesis becomes {(for the two—rcurrency case)

{1*] E _F"“LE Eod 5 S S T S
.Hm o
wheres st+£ is the =pot rate at t + k {che number of domestic

currency units one can get for one foreign Ccurrency unit)  and Ft "
. " 5 ¥

is the k-period ahead forward rate that cbtains at time t. Letting

Et+H_= 1nstfi and ft,k = I?Pt;k wiz can rewrite (1%) ﬂPPrqm%mnttlE
Ll = - { ] =
(1%} '{Bt+k ft,kllt' o
: 4 =1 = F .
by a Taylor expansicon of 1n x AL LA % F) Fhexu x St*kf £,k

Mmerous papers have been concerned with whether or mot (1% ox (1"}

holds up to empirical tests. Several studies (Kaserman 1973: Silson

1

1976: Bilson and Levich 1277: Frenkel 1977, 1?73; Stockman 1978} tast

eqaations similar to F ]

i ik i i :
= L8 + I 1=
(2} S1;+_}: ER L ot

L=

against the null hypothesisz that ©w© =0




exception of Freskel (1977) the aull was not rejected. Frenkel did
indicate the presence of a significant ) ek could be explained
by transactions costs, Levich (1977) , howewer, Finds that such
diﬂpﬂ:itiﬁﬂ between st+k and Ft,k are smaller than what most

ragsearchers are inclined to think transactions costs are.

While the inability of regressions on (2) to rejeéct O = 0

p :
and B =1 suggest that P iz an unbiased predictor of & _,
.k t+k

it is a weak test of the simple efficient markets hypothesis. A more

werfn = i 5 5 -
B ul approach iz to discover whether 5. i Ftrkath or
W ft+k is correlated with economic variables that are Likely to
be components of lt. Any such observed correlation will be a direct

rejection of (1') or (1"), wNatural candidates for such elements of the

information set are the lagged forecast errors s, - £

ft—k,k; 1 t.—kwl_,}r.;"'iI
Cornell (1977) finds that the size of these forecast errors is not signif-
icantly large either way but there was some correlaticn with past forecast
errors. Levich (1977), howsver, found ne such serial correlation to hold

over a larger sample period and for a larger set of forward rates {1, 3,

and G-month as opposed to just l-month rates in Cornell (1977} .} Iewich's

study, however, suffers from some problems with the econometrics, which

we shall examine very short.

It was the waluable, though negative, contribution of cewele and
Feige (1979) and Hansen and Hodrick (1980, 1983) to point out that the
reassuring initial results were not all that solid. Hansen and Hodrick

(1580} test the relationship

3 LARN 3 T i o4 4 i
by Seriz "l i ® A6 (s, T TR e I
against the nnll thai 8. £, ¥) = (0, 0, 0) and reject this for the

& Swiss franc, though there was no evidence
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of signlffcaEntly nonEers o Fe In tha regr

. = ;
of H and T provide a moasure of the et ST
serial correlatipn, resscotiwvely, crovided chat ':"1'1:1 =0
arxd el s i = ft . .}“L-l’ = [Fa This =an e werifl &% a8 true 1n & model
o 3.4 =
Wiere S ig defined as afl
(dh W e {8 = f R =
o ek 2 Tk ft.xllt}
i T

§ =7 — 3 - I k '-. i el ¥

i B g, f 335 % g TP Tha yrroblem with reqrosaions
1Fke (3% i=m Lhab Eia i ol i only, for n*k aml ot [or

'I..l o o =
ok srad Bnly i Ehe Caka owheen o= 1 da we expect Lo BBs 00
serial correlation bebtwann - ALl u . Becauge such serial
iy TFh K

corraleption exista, the esbinytés of the covariance marrix of {3,

= ;
= B utry b= g
—

ke o will be generally incorrect and
il - £y Thy mewgm=

el il o
gimnificance tests of hypotheses on o, B o ¥ ) will be misleading.

corncl? {1%27), Levich {1973), and Goweke and Feige (1973) have
afed - kowil to sidestep this problem. In doing S0 thay have sacriligen
degqress of Freedom therebv lessenipg the strength of their resmlts. At
Firgt Blusk it would-appear that GLES on (3) wrather than OLS would bhe

suffielent o cortest bive serialk correlation.  However, GLS remquiros

ot F i)

o
[

bk t.ki

E - 8 —
P ikl 41 Teak-1 e T

which is oot at il true'Wwhen WO in defined by Y. TS WEIw
L]
to be applied to (3) in & model where wm iz given By [4) then the
! f o
: i [ ohgne 3 = = :
Cif estimgtes of W By 9 w1ld he inconsistent. In opder o

gar mroend Ehis 1-.;--_4-_-.1” it 5 noceESSaAry to meke I.PF'I':E'EJ!_JI'E! _-n-d:i.ficatinnz
in astimating . & - when applying OL§ on 43). .The d*t!a?-:a? the

procedurs are in Hansen {1979 and Hansan amd Hodrick _. ] and will

be omiti Frog Eris diegcussitn. - Suffice it €0/ S whan Hannen




and Hodrick (1230) make the acpropriate corrections in the estimation
Procedura for (1) they found evidence against the coefficients being
all zerc. They, in fact, conducted an even stronger test of the effi-
client markets hypothesis by applying corrected OLS on

{3 L
i=1
for i i R - currencies {3 indexes these currencies on the
1j

right-hand gide). Thev reject the null hypothesis that  (a-, B )

jtlJ e ;5
O  for the Canadian dollar, Deutsche mark, and Swiss franc, though again
they find ne strong evidence against a' = 0. When the set of currencies

is expanded t¢ include the lira and yen, rejection of the null is even

more strongly indicated.

In an-earlier study, Geweks and Feige (197%) look at OLS estimation oFf

i i AUgha i
E - F ] | =, ) :

t+1 o i s
(&) _i_ = .:.:_1 + B | —t'_-._—t.-l- + \-‘rl
5 SJ. L

£ k =1

for 1= 1, ..., 7 currencies. As mentioned above the use of cbser-
vations generated at iotervals equal to the forecast interval avoids
serial correlatien prochlems in the u 's but has less power for the
reascn that there are less degrees of freedom than if one were to allow
for sampling intervals finer than.the forecast interval. Ower the two

sample pexiods they look at they report evidsnce of nonzerc intercept

texrms that also sesm Eq-u_uhngve with time. They alze find nonzero slope
& =]

(7}

=




was done for i ='1,....,7 currencies SIS (SUR, Zellner-

Aitken) estimation. »2Again the null that — s :_;f =0 for all i,

i is rejected in both sarple pericds. They note, However, that the
joint test, while powerful enough to rejest ﬂul:lﬂl! efficiaonay
hypothesis, does mot provide insight as to wint we are rejecting it, which

brings us now to the problem of interpretation of evidence against the

simple efficiency hypothesis.

The problem with all emmirical tests of the efficient markets
hypothesis is that we are tegting a joint hypothesis of the tmth of all
the assumpticns made in order te derive (1%} or (1"} including all the
"suxiliary hypotheses” of no risk aversion, transactions costs, licuidity
preference, as well as the very form of the model that gets to be esti-
mated (1.e., (2) togecher with (4}, for exarple.) When we reject the
afficient markets hypothesis it is often not clear that we are rejecting
it because pecple do not really fc-nm rational expectations or because
one of the anxiliary assumptions does not approximate reality closely
enough. It is therefore a natural extension of this line of research
to seek to reject all the plausible explanations suggested by the

anxiliary assumptions given above.

Let us summarize the findings we have ﬂis:usséﬁ to this point.
The stvlized facts that have come o attention are: {a) the presence of
some intercept term in regressions like (2) whnich is uswally amwaller than
transacﬁinns costs and appears to be unstable over time, (b) the presence

of some serial correlation in the own—currency forscast errors

Et+k = f; . along with crosc—correlation with lagged forecast errors
L
3 J
of other curremcies, = - ft.k,ir." ete.




A t of (Lo =y mind misdirectad) attention has

been given fact (a) Ly researchers since EHansen and

Hodrick and Ge d Feigo. Tnasmuch as the early evidence suogested
dnterdapt titiﬁﬁiﬁﬂih were smaller than transactions costs, recearchers

have been since inclined to interpret a gignificant intercept term as a

risk premizm A ls the Capital -feset Pricing Model [CAPH} of the Finance

literature; )

II- ]
Ei g Fi
t+k .k m
5 g Cov | ——l R
S:L L El i ?1 b =
(8] ﬂ'ui——-ﬁb— - F.: + ‘.[Efﬂt]‘ - R:]‘ t'; 7+ white noise
Ft,k var{Rt]

f -
whersa Rt is the return on a security that is uncorrelated with the

market portfolio and I{E is the (random) return on the market portfolio,

A simple CAPM study will have to allow for the term

5l+l-: ¥ Fi m
Genf e e
F '
g = \ £k !
m

Var {Rt] '
i
to be time-varying. tely it has become more fashionable to go with new ]

trends in financial modelling that suggest & alsc be made a Function
of "urderlying" economic "factors," which is the aporoach suggested by
the Arbitraece Pricing Theory (aPT) as daveloped in Ross (1976); Cox,

Ingersoll and rosg (1985) ; etc,

Apart from the nsual criticisms that can be levelled on the
theoretical foundations of CAPH and also of APT, my main criticism of

this approach te stylized fact (a) is that the direct appli-

cation of CAPH o r AP 3 forward speculative returns recoonizes that

forward currm for tramsferring welath across states of :

the world h:'.};;- L perly account for the value of spot CUrEancy

in financing LT in the market for goods  Put another way,




this genre of models treats currency as just q‘.* Financial assetr
(like a share in a corporation, or a bond) and ot also as momey. I
the empirical results of such studies conld explain fact () favorably,
then my criticism wounld not bhe all that sericws, The results, however,
have been mixed to poor (see Frankel, 1932; Frankel and Engel - 1984;:
Engel and Rodrigoes 15%8&, 1937}).  In this paper, I vanture to suggest
how the liguidity servicesz of currency might be able to help explain

not onty fact {a) but also fact ().

Fact (b} ditzelf has been somewhat neglected by the ressarch,
though people are guite conscicus of it, I beliave this is due in part
to the fact that it seems to be a more difficult bit of reality for the
finance-based models to accommodate. However there is another class of
models, which have their crigins in Lucas (1978, 1982) but which have
gsince been adapted by Svenson (1985), Stockman (1930), and Svenson and
Stockman (1385} for the purpoges of modelling internaticonal capital and
commodity markets that sppears to show promize in explaining the serial
correlation in the forecast errors of the spot exchange rate. Our

model belongs to this clase of modele and we shall turn to it briefly.

The economy is described as follows: there are two countries
in the world made distinct only by the igsugnce of national currencies
and the endewment of its constituent ipdiwviduals. All guantities below

will be in per capita terms vnless otherwise specified.

=

The home country issues E; "dgllars" at time ;= and its
individuals are endowed every period with a stochastically varying

amount of the home good, E;- Analogously, the foreion country

igsues Ht "pounds™ annually and foreign individuals get a random

amount of EL units of foreign good ewvery perisd. Be will suppose

that the money supplies evolve stochastically according to




N = g
= t=1
Y 7l
i ] T g
E
where * pt and = are sStochastic with joint distributions ta be

specified lakter,

hpart from cihe differences in their endowments, all individuals
in the world are otherwizse alike, so it is meaningful to speak of the
representative individual at home or in the foreign country, Indivi-
duals hawve PIEf;féncEB defined over the infinite stream of stochastic

consumption from a reference period T onwards according to

i}

(2) E. I BUix

> ¥
=T 2

Lt

whera U is a smooth and strictly concave uwtility function over

£
conditioned on infermation at &, The additively time-separable

7.yt i M anl A .0 I I ET denotes statistical expectaticn
t 5

structure of preferences is a concession to the problem of time-

. 3 p -
consistency of the "optimal™ consumotion plan.

In a model without fiat money or tradeable financial assets

i % ; _ 5 L
individuals simply maximize {2) hv choice of uf; Fe. subhject o a

-

: g -5 5.9 5 -5 5 =5
& of 2 = + P P X +/p=
sequence of budget Cﬂnstrﬂlntﬁ £ xt k Pt It P Pt ¥,

g= 1l ..4,8 where 5 indexes the [(poSsibly infinite) states of

A

the world at (= In this classical Arrow-Debreu setun the shove
problem’ is well-defined under reqularity conditions on endowments

and the consumption space and eguilibrium exists with

5 B - 1 -
Lrps ¥pi =SEESE, o 7, ]

sipce all indisridmy rerse and alike in rish-averse

Preferencas. I Bt in this setup trading is centralized




at an abstract time and place in economic prehistory &t which indi-
viduals write contracts for delivery of goods contifgent on certain
states of the world oecurring. There is no role for fiat (unbacked)

MONeY.

S th
Let us now intraduce the market for zecurities. The =
.F
security, in this model, is a claim to a randos dividend I'EE if held

intoe period t. We shall denominate dE in dellars.

As pointed out in Lucas (1582) there is a certain arbitrariness

about which securities get to be traded in eguilibrium as long as there

are epoungh securities whose returns allow for 2 complete set of income

rransfers across states of the world so that no incomplete markets

2 e
problem arises. ¥ie assume that there are enough such securities,
hesides those we select arbitrarily in what follows, to replicate a
complete set of Arrow-Debreu securities. Any redundant securities will

be held in zero amounts and priced according to no-arhitrage conditicns.

So let Et £ RF be the cuantities of the F securities held
3 e { F
by the representative individual at , Lot dt L e bhe the wector

of dividends returned by the F securities in dollars at . We will
foeus on four securities: the first two securities are claims to the

. The next two are claims on the

endowment DrocCesSSeS " and E

-
k=

kg |

net transfers of money. Thus

Al B K
2 i
. =
dt = E-I:'.Pthrt
(3} 3 "
A e i, Sy
4 —
w
dt = et[ﬂt l]ﬂt_l




Il

Whare 3 m: of exchange of pounds for dollars at the time
within the foteswal {t, t+1} when securities markets are open. In
t.hia model & 1S ot the usual spot exchange rate but is instead
the forward exchaige rate, as will bacome evident when we discuss: the
timing convention used later to support a demznd for money. These
aﬁaetshwlll trade at prices qt E RF at time | i Dur assumption
on the joint distribution of ¥ = e Dk Et, ?t ) is that ®_

is first-order Markovian:

.,

I . r - .
(4 W vEPW |8 _ prob{v_ < k'|w,_, = x}.

1! 1
We now introduce a role for fiat money in thizs model. This

reguires a departure from the standard Arrow-Debreg market institution

of centralized trading of contracts for the delivery of contingent

commodities. This can be dn#a in-a nucber of way33 boriheroiwe skt 3

do 50 by. the imposition of Finance constraints (also called cash—in-

advance or Clower cﬁustraiﬁta] on the purchase of goods by the consumer,

The motivation for this approach is as follows: first, assume that

within the period t the market for goods and the market for assets

(financial securities and currencies) are alternately open then closed,

with the goods markets coen first as a matter of convention only. HNext,

agsume that individemals cannot issue currency (they are legally restricted

fram doing so, if necessary) so that the supplies of currency are, in

fact, E; and EL dollars and pounds, respectively. Lastly,

assume Lhat, owing to decentralized trading in goods, currency

minimizes transactions costs in the sense that with money transacticns

Costs are zero but without it they ave infinite.

These three assumpticns are encugh to give a role for fiat

money in the nﬂ-‘L Let us, however, he more explicit about the last

2




S

assumption; as the exact form of the licuidity esmstraint has

nontrivial conseguences on the equilibrinm of £he model. Specifically,

suppose transactions costs in the purchase of Home gocods Ht‘. ara

infinite without domestic money and Zero with it. Then if HE is
the quantity of dollars held by the individual a& €, his domestic

finance constraint is:
{5.2) rE £ M

Were we to make a similar assumption in the purchase of foreign
goods we would get a similar finance constraint for ‘.-:t. e, however,
shall depart from this to allow for differential liguidity services of
various currencies. We assign additional liquidity services to the

domestic money as follows: consider the individual who enters the

period v with rt—l woth of dollars and ﬁt-l worth of ponnds
car t{ed over from t-1. If H: of the ®__, dollars are used to
finance :r:t purchases, then the finance constraint for Yt we
specify is

: i i
{5.bB) P;‘ft & Et’.-l -+ ——s—t—-—-

whersa 5',1__ is the rate at which a pound exchanges for dollars at goods
markets, i.e., the "spot exchange rate” in this nﬂﬁni, Thiz specifi=
cat ion in (5.a3) and (5.b) allows for differential liguidity services
yet avoids the so-called "exchange rate indeterminacy"™ problem of
wareken and Wallace (1981} which would obtain if we instead specified
hoth currencies as having the same licuidity zervice in either home

Frebies e —=h

: d
goods or foreign goods markets.
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The that indiwiduals cannot issge their own money

amounte o &iiﬁﬁul:;ﬂ.i REs
TR

TERE Y,
(6) LES N

o
R
W

It remains to specify the amount and time of availability of
information assumed known by individuals making choices at €. Hea
assume that at~the start of =, before goods markets open, ':'Ft
%Es known and that individuals do not forget LT ""11:—:""""

@5 well as all variables dated £-1  and earlier and the function F.
(The Markovian assumption in (4}, however, means we will actually only
need to know Wt—.l and state variables dated t-=1.) After H‘t

is realized goods markets are open during which individuals trade

accerding to the finance constraints (5.a) and {5.b). Yhen goods

trading closes asset markets then open into which indiwiduals bring in

- RS

Ht = Pt!-lt leftover dollars, Ht—l + T - P;‘ﬁ’t leftover
pounds, dtzt—l dividends in dollars, q‘tzt—l worth of securities
in dollars and {p_=- 1)K _, or (p*=-1)H_, worth of new money

transfers. Thay choose new monevholdings H_ and Ht and new

r

security holdings 2 according to

t e
/]
- {Et_l - M)
+ iR ol + Z M - - B e — |
{71 Iut th f:_r_t L -1 b Pt}tt Et. i st Pt‘i’t

+ {qt + ﬂtwt—l + r,r.:rt = 1]Ht:—l

No new information becomes available until asset markets close. This

o
last assumption is an important one as it allows for M- Pt:l{t s

ut‘_-l_-_q;__ptg > 0

g T 4 there iz now a precautionary, and

amd N




not only a transactions demand for currency. This lead=s to 2 nontrivial
{unit) welocity of mnE:.FS and is Svenson's (1983) Improvement on the
standard cash-in-advance model. Our timipng convention are summarized

in Figare 1.

The complete statement of the domestic individual 's maximization

-

program 13

==
t
¥
max E_ EE LT'[J{t 1:]

=T
]
i i
{:-:ti, Voo M, M, M, Et}
i
By
s.t.  BE &M
O
H — .M
t-1 L
* $ - +
. Et =1 5
£
]
H
i e
% SR i + M " = - p¥y
A N EtlI -1 5, Tty
|
= [ »)
. =111 oo WY F 0L
+ [r.rt - Iﬂt:l-ﬂt_l “}t. 3 t_lthJ xt.’ .:Er_l L t:l —

The analogous problem for the foreign individual is the same sxcept
for the last constraint in which {pt - 11E¥—l is replaced by

{p; - 1}'ﬂt_1.




A Et’ Et" ut]dP{wt L)

GRX)  max Uik, v+ Bfvis, N, z

t-.'l.:'

subject to
ﬂt‘“
(L] x & -—
t F
t
M M - M e
t=1 t=1
(L*)} y_#£ +
t s "
r EtPt

e _px M e W A K
o £t S L T R e Ll
I ox 0+ P e + £ +
t F i I - 7 2%y -
t b c t i = t
e VY B® @ +aiz (o, - 1IN
] P =k g b £ -1t ot
3
£ T Fr Py
o
(20:) {Ht > Fes ¥os H, Ht]' 2 0
r
&
JER

where v iz the fixed point of the mapping Ty ™ where
is the space of continuous bounded fanctions that map states

i'-t =, H s a‘t, By B, -n-ti into R, and T is given by

Tl{\ri.'.'_lrt_.l'_}.]- = max ::rixt ft}l
L]

By = x> Yoo By N, Z) 4 6 [ vig ar

s.t. (L), (Ze), S} (B8} and (m). Under the metric

- v

v

- il



the space ¥ iz & HJaoach of such a

roE AT abovae for which

(FP} ‘wi=opyy far-ale s

Follows from the Nanach Fixed nodint oping theorem
once it is showm that T is, in fm a coptraction map]'_:lzi_nq+6
Detgils of the oreof are in Sargent (1837, Appendix 4.7). i shall
g} GALEGEET LEPe OL TUreneas 16 LSEPEENEESE G0 LIDE-OF JUreLear”
wake-g (BREFG (DapeiLF), 08y, (U}, (M), and (FP)  as our departure

ooint for the results that follow.
Results

Let {-E-}t, E'E, My s lt} be lagrange multiplisrs corre—
gsnobding to (L), [Ty, (UB), and (8} respectively,. The firse-
o larc qun:l_itims o {:-r.t, }-’t} from- performing {imx) are,

with xt,}rt}tr:

(1) : IUH’. ® ?‘t X I::I'I:
t
:Ilt
(2} o = g D% =t %
Yo Eew n

The first-order conditions for choice of M, H and © are,

T t t
| o
with ¥, B > 0.
5 -
i3g B[ w ar = ;5- | _ + >
Ht e t..._. - it Ta i e e H ] 1 I
2
t =
(47 Blw AF = e e
l‘-]t it Pt
A :
(=) E-I'E’ dF = o, =
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t E

From the fact that v = Tv and our definition of T, we have

& A B

" T, - i r
(3™) v, i L

-1 - 7t




so that combining (2"} with (3%), (4') with (4", atc. gives

"-:I* kY A

o A
: 1 1) , t
X &I .'35+_1 Ptﬂ H pi"‘ R R
el £+l t+1 T+l t
A r* |
t+1 t
(4} Bf |e =L, df = g_=—
k e 2 By t B
A A
1 t
(5) 8 [ +4d ) s B
qu-_+l el /P & B

which are the (usual) pricing equations figr currency and securities.

For axample, (5} is uaua.li:,.r solved recursively to get
T oo g

E, P-]:+j =

which will be ane of a set of simgltaneous vricing emmations imrolving

F

.3 and other market and shadow prices that will be solved in

lt“
the general equilibrium of this medel.

The first order conditicn of {¥nx) subject to (LY, [L*]},

(B}, (UB), (M%), (F2) with respect to _;5t':" 'is for ﬁtg > 0y
2] g
t t
(&) B - oo - L= 0
R P, 5 % t
The o i ms on the multipliers are:
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T .zre are a pumber of results that proceed ocut of the individual's
maximization oroblem alone even before we consider the general
ecudilibriom of the madel. In this paper we focus on the liguidity
and rizk premia on forward currency implied by this model. We ghall
not examine the general eguilibrivm results here (to do go in this

model will require assuming an explicit form for U{xt, yt} and

the process F; 2o one can Zolve for the unknewn functions
T
(v, lt_, Bus 8%, B, Py PR, €55, 7.} given the market-clearing

conditions of an equilibriuom).

e have zaid that the appropriate interpretations of 51:4-1

and L ars that these are the period-ahead spot and one-pericd

forwvard exchance rates respectively. e now derive a relatiomship

s s, SR
between the two that is of relevance to the afficient markets

1 5 L - t. he ﬂ
hvirothesis. Write ]:.t'xt for }r :p:t drtwtlwt__l} o make the

notation more compact. From {[(1) apd [2) we have




{12) E¥Y. = gEv
t_i: "i i Ht

and (3') apd {5') give us

(13) Ev = 2w
e85, qtr;.*cit

nenca,

{14} Ew =

rt
r
+

A @
as) w =t =
t=1 E IJ":
5o By (1)
Uﬁ
(18) ¥ - P_t
t=1 =
From (6) and (4%
lt 8, \
b e S 1 )
t-1 t t ;
and using (1} and _'Pt >0 givesg
-
{17} w = -~ T 4
Ht—_-l = Ph 2 =
and using {5"'1 __-:_.__=-.! wa get a similar expression for Vo =
I y t-1
as) v, © -0,).
t
How let's o th the exnressions for v and W
Hf: Ht

on of these in {12} yields
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E S =
L t+1 t+l .'I EtEt s
\ =i
Or,
L]
X
41
(12 E —— {8 =) = B B 5
t Pt.-i-l £+l t t &l Al

Combining (13} with (13]) and (16} in =zimilar Ffashion we got

i
q +d x
Fe t+; = W o TP T =
£+l t+1 22 £+l
Dividing both sides by 7, and rearranging,
"' '\I i 1 I.-" b
(zn) - e ¥ deer gy *eal e, Gt el 70! | |E:'1:+J.
£ o B
, k ks I-"I £+l 4 tl'\ qt. ,r‘r I:t.+:ﬁ

And, similarly, combining (18) with (17} and (18},

5
; T
+ 4
3 e S t+1‘ll'|{u par ?I:{ltES /“‘t+1 2
1= ¥ + B it -
K = /I IO e 1|"-.~Pt+1 £l

Meltiplying through by qt‘fﬂt and rearranging,

£ : U 3
I [ Ty * Y g - 7
R N =
R 9 Jeower ) ~
( \ "I
T = (Tea * %eaa | Znr B
b BT
l o, ®eoq t+l el |

One can see that (21} = (15} + (20).

How consider {1%). Define the conditionzl covariance

cc:ﬂ:rt (=

o2 }’tJ according to

Et:":'.::"'t“. . Etxtﬁt?t o cmrt lc:""i:." ft"

Applying this to (19) cives
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If, in aguiliberinm, ii.':t._l = Htu alwayvs, Then :th = [ aluays
and +hen
: U !
£+l |
E - is ~ejl = o
?tlrl 41 1._:
= G
*ea1
which i= an orthogonality comdition on —— and & -
& B £+l £

.

that is testable by the Generalized Method of loments (Gl1i) estimation

technigque ponularized by Hansen and Singleton (1582) and #Hansen (1282) .

Tynically, though, this emuation is instead rewritton uSing

the definition of cov {x , ¥, ) above. We can rearrange this and
ap 1y the definition of cov, again and obtain the expression for
e, as the sum of the cxpected suot Etstﬂ and & risk premium:
E = & A
P | 0
| e = { Fes1 )
B 5 Lalat 3 - a B
T iR bl BN FL nsl
= u L m B F o——
ot A Pou B o,
: £+l t+1
= . Et F
=5 en o Y t#+l

vhere the last term on the RS has the intarpretation of a consumption-—
risk premium (a covariance between the future return of a risky

asset and the foture return on random consumpmtion). Typicallw,

this ecuation, or wery sinilar ones, is the one that gets to he
irplemented in the emoirical research on the efficiency hypothesis

in & time-varving CAPN context (Hansern and Fodrick 1983, Frankel

gy

End Bodrioues 1986, 1987) for now if we put

and Engel 1934,

il 2
where E e T TS S o JE } then we have

51-_+1 & Etst+1 - t+1



(23} g = 5 +

t t+1
o
1 r_l" l‘l
= oo xt”' 5
BN

{23") Si:'.+l - -E_t = Ex + E:t+1

v e+l

L Pt'l'l

which cap oe estimated, for instance a5 a random coefficients model
in the mammer of Hildreth and Houck (1963}, say, which is essentially
a kind of GLS procedure, or as an error-components model which also

entails a GLS procedure. {OLS iz not consistent here for if we take

.’fﬂx
= t+1 =
e P g -5 | g,
differonces bhetween the risk premium 5 and its
S G
= P‘E-I-l

mean, if it exists, these differences will mix with the error term

£ and need not be serially uncorrelated.})

£+l

The empirical importance of the wev currency has been
accorded a role as licuidity in this model is that the above equation
may no longer s the aporopriate estimating ecuation for forward
market efiiciency. For H, need not be zerc, in fact frem (&},

L

(1), ard (2},

=
i} i}
o o
P 5o




ecuation (19 becomes
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45 before gives ue, instead,
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Equation (25) suggests a nurber of things, Ffirst ﬂ'ﬂﬂrh iz that

the forward rate need not be an unbhiased pmﬁ the foture sg::rt.

"'-
Ii.-+1 ]

rate not just because of the risk premipm cow | W

"1‘?1:4-1 t+l? E1:+1;.u'
Eu
but alze becouse of the ters tut+1 51:4_1 - I am inclined to
t+1 x
t pt+1

interpret thi=s term as the "liquidity premium® from having to give
up liquidity today in order to speculate on tomorrow's spot rate—-

this interpretation is suggested hy the relationshio between ut

and the shadow prices of ligquidity -'Jt amnd E'-E given in {&).

This liguidity premium can be time-varyving for a nusber of

reasons: [a) there is the component 5t+1. which need not be

stationary, (b} the process Ft could have been nonstationary had
wa relaxed the Markovian assumption that F :h | = Fiw 1wt 1 or

{c) the ecuilibrium itself mav well be nﬂnstatinnary——pt*l or

Ux or Pt+1 may, in the equilibrium of this model follow a
E+l

nonstationary process (like an AR(L} process, for exarmle), which

could alzo cause the term t+1..-"E [U JE } to drift over time.

ke
X t+1

The second thing we notice in (25) is that we alszo have a
potencially time-warying risk premium, but not so simmle a one as

before for now variations in the limuidity premia with time enter
o

®
as an adjustment to = t+1, 20 that wa oust bhe

t+l
careful to interpret the risk premium as the covariation he . .-

wia
”t+l

Et and themarginal wtility of home consumption net of the

liguidity value of additional domestic currency brought inte the geods
trading session. Faigddyy the eczc: term in (25) can also be time-varvino

il
B, 1;"'1:.1:':5] *-+1Lt+1} iz stahle,

unless




it im _' %0 rewrite (25) in terms of chservahies for

by (6) and (1) and (3},

I}x II[}Ir
= T
[2&] B o= - ——
t Pt stPt
Using (26} to substitute for ]JE+1 in [25) gives
] o bl i .-E -\-\.
Et‘ E1:+1l|mt"“]' tﬂ:l |'fr LET ] i
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*t “t+l SR E¥e i a1 /
- e+l B f % i
b S5 Pk o)
-+
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E_ (O SR ) t+1
E e L [
He are interested in an ecunation with 51.-.+1 as the LHS wveriable.
This eguation is
.."[: ‘.‘ III.-" 1 "-.IIII
E( x1-_+1) .-'ﬁJ 2 ik\I:"5~|;+1 |
(27) . .8 S e aty R 5 _Elf’r_
t+1 A T = \qt+1FE+1’ 1-_+17' U “-,IL t#l
7 [ Yesa ‘J = Yeiq
I T T
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where E:t gt I, r:rf:l as before. This can be implemented

ennirically as a reqression

/i
7 \ f T.“5"'1:+1

i S -
.-’J = \“'t+1P+.+1
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LE I

equilibrivm under the lMarkov assumption om 'tw oot be so, nence

B: = B in such a case. however , can be bﬁl-vanrinq EEL

&
t I

iF F is stationary, 50 the estimation procedars msed will have
to be some GLS procedurse since time-wvarying parsseters are involved

vhose random parts may be serially correlated and will get mixed in

: [ E :
with ¢ A The above ecuation mast then be tested against the

4l
1] o
]':t ],-"t
null that Et - 1 Since WP, W =——— ——— 3 implies
t P, StPE

E_(U e )
L SN S 2

E LT £s B
R A

v 1. Rejection of such a mull would imply a

re wotion of the model and all anxiliary assumntions made in order

to get eguation (27). The next step would be to test against

0

HG:

=1, for a rejection of this would tell us that limoidity
premia of the kind suggested by the model are important in esplaining
deviations from the simple efficiency bhypothesis. Failore to reject
this, however, would spggest that licguidity premia do not explain

§ much that is not already explained by risk premia.

There are other variouns oessibilities with the eccnometrics
ey
that arise when we give form to T and F to get a closed-form

pxpression for [ in terms of the shocke [wr o, S 1)

=1 pal? Tp?"
do this would amount to solwving for a particular general ecuilibrium
of the model, which recuires additional assumptions to get bat is
something we deem valuable and 1ill be done in the future as a matural

continpation of the rasmlts imolied 5y ocur model.




§955), Kydiand and Preseott (1977), calve {1978) ,
tothers for details on the tima-inconsistency

23 -8 number of probioms associated with the squilibrium
ARWHICH there are an incomplete st of Arzow-Debrew

sacurities. Padner f1u77) #hoeed that 17 short males of securities

4re bounded, egquilibriss exists but then Hart (1975) points out the

dependence af equilibrien on the beund that Radner chooses arbitrarily.

prices the return <:ructura of sacuritiss may change in dimension and
ereats discontinuities in ths congumer’s bodoet correspondence. Later
Cass (1984}, Werner (1983), were able to obtain existence results for
securities whose return strusture did net depend on goods prices and
Chaa {1936) extendsa the existence result for securities with returns
dencminatad in state-dependent ®index® commodities (“unit® is Chae's
term}. The more troublezomes probiem 15 the oprtimslity of an
incomplete markets equilibrivm and a discussinn is in Hart (1975) .

The concluzion is thar generally swch equilibria are Pareto ineffi-
cient save undar very restrictive definitions of Pareto  efficiency.

3".-*!;&. mosL ad koo way i o ineluds furrency as an argument in
the Utility function — The least ad hoc way that is sleo gqeneral
squilibrivm is the gse of an overlapping generations structure kot in
Fuch models money can be rate-of-returs dominated by bonds. The Gaumol-
Tobin spproach has been partial eauilibrium although some work extending
it to general equilibriom situations has been done io Jovanovic (1932)
and Grossman snd Waiss (1982). The cash-in-advancs approach is less ad
Joe than currescy—fn-the-utility-Function, bat it 1% somewhat ad hoc in
zhe sensa that the liguidity sersvices oF money that results from the
azsumption of decentralized trading in goods is accapted at the level
of {5.2)-i{3.b) sather than explicitly derived from the structure of
trading in .. centralized market.

o

an overlappin
of this to be

:.Mt BOARE out this problem in The context of
“model but Sargent (1557) Bas an adaptation
. modal.

=i
Let dutﬁ.-qt P X %0. The
uant ity wheze v, in ﬂr velocity of
money at -,ﬂt ar vtul-—gv. In models
e
t

where u:'--

were to he ava markets are still cpen} A = 9
alwave and - '

——
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E{m the existence of ¥ (Sary
be the space of continuous bounded functions
a set 2 inte R. Tet L:VvxVEE
defined as

i = A
Alw, ¥} = sup| ¥{L) - wid)]
el

-
for w, v EV¥. Then (¥, A) is a complete DOmed Wector space
or Banach space. .

Let T 7 ¥ o be given bor

Tlw(Li) =

1=}

nax UGS, &)
4 £ B
+ B [ wtknar
Bat. i £ gli, Z)

where U is real-valued, continuous, monctonic concave, and bounded:

and the set ~ {(1%, 2); £ &gtk TE, s Ith}

is compact_and convex. Then T 1is a contraction on 0 Y, ilae.y
g o

for any. v, V£V  there is a mmiber § £ E;
which

T - o
P s R vl R < T TR

That T iz a contracticn Follots from a theoren known as Blackwell's
theorem which states that any cperator T on the metric snace
G, A thet matisfies

[Bonotonicity) For any i X3 ¥ implies Tix] ¥ Tiv)

(Discounting) Tat o he the corstant function with ragl
value & &tall RLe£R. TFosany ¢ >0
T . TR 4 R Pisr + o) £ Tix) + Bo for
aome” B e Lo, 2¥.

is a econtraction with 6w B,

The Banach fiwed-point, or contraction mapping theoram then
states that for such- T defined on [, Y there iz & wL£ 7
for which (FR} v = Tv for mny . Loetill

It can be shown that v iz also concave by an argument in
Laca=s (1573). When U is differentiable then v can alec bd
shovm to be differentiahle and for thiz see Denveniste and
Scheinkman (157T2).
_"'Sm comby: (1987} for a model of time-varying conditional
covariances in a context that is isomorphic to ours.
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