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Asset Markets and Interest Rate Determination
in the Multi-Country Model

Peter Clark and Sung Kwack*

In this paper we describe in more detail the asset markets and other
financial aspects of the multi-country model project that is being under-
taken by.the Quantitative Studies Section.l The first section is devoted to
an explanation of the monetary sector of the prototype country sub-model,
which is where each country's short-term interest rate is determined.

In this section we also describe how the long-term interesﬁ rate in

each country is determined. This section is followed by another that
specifies the financial linkages that connect the sub-models with each

other. The next part of the paper deals with the determination of the three-
month Eurodollar interest rate. ﬁé then discuss the considerations that

are relevant in deciding whgther the two sources of the monetary base --
foreign and domestic assets held by central banks -- should be treated as
endogenous variables. Finally, we describe how the purchase and sale of
foreign assets, i.e., foreign exchange iﬁtervention, by several central

banks is accounted for in our model.

*The authors are grateful to other members of the Quantitative
Studies Section for helpful comments and suggestioms. The views expressed
herein are solely those of the authors and do not necessarily represent
the views of the Federal Reserve System. i

1'I'his multi-country model is described in a paper by Richard Berner,
Peter Clark, Howard Howe,Sung Kwack and Guy Stevens entitled "Modeling _
the International Influences on the U.S. Economy: A Multi-Country Approach.”
This is referred to in the text of this paper as our "Summary Paper."
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A. The Monetary Sector of the Country Sub-Model: Money Supply and
Demand v

The money supply process in our prototype country model is very
similar to that used in thé Federal Reserve's econometric model.1
The supply of demand deposits is determined from the identity defining
the unborrowed monetary base: that is, given the unborrowed base and given
the uses of the base as reserves against time deposits, currency in -
the hands of the public and free reserves, the supply of demand deposits
is determined as a residual. The demand for demand deposits is explained
by a behavioral equation that includes the short-term interest rate as
an explanatory variable. For simulation and forecasting purposes, this
equation will be inverted so that the short-term rate becomes the left-
;; hand-side variable.
Our interest 'in international financial linkages leﬁ us to adopt
two modifications to this basic approach.  First, we treat the unborrowed
monetary base as an endogenous variable because it is affected by changes
in interpational reserves. Second, the demand for domestic assets is
made a function of foreign interest rates and expected changes in exchange
rates (in addition to other variables) in order to allow for possible

.

substitution between domestic and foreign assets.

IWe need to emphasize that what we describe in this paper is a proto-
type model, that is, it provides the basic structure and point of departure
for the specification of the monetary sectors of the five countries in
the overall model. It can be used with little or no modification for
the United States, but it will have to be changed to take account of the
different monetary institutions in the other four countries. ’
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The basic building block gf the monetary sector is the balance sheet = &
of the central bank, which is described in Part II. A.l of our Summary
Paper. The assets 6f the central bank represent the monetary base from
the'squrces side, and the liabilities c0nstitute'the uses of Ehe base.
The balance sheet is given by équatioﬁ (1), where the net worth of the Central
bank is included (with a minus sign) in OTH: -
1) "NFA + NGP + RB + OTH = RT + CUR

where:

NFA = net foreign assets (international reserves)

NGP = net claims on the government

RB = borrowed reserves of'commércial banks

OTH = all other assets minus net worth

RT = total-reservesiof commercial banks

CUR = currency held by the non-bank public.
Since borrowed reserves,.RB, are endogenous, it is preferable to work with
the unborrowed base, BU, which is obtained by subtracting.RB from both
sides of (1). The reason for prefering BU is that at lgast in a world of
managed floating, it is this variable which is directly controlled by the
central bank. The unborrowed base from the sources side is defined as:
(2) BU = NFA + NGP + OTH. '
From the uses side we have:
3 BU = RU + CUR, .

where RU = unborrowed reserves, which in turn can be defined as:

(4) RU = RT - RBZRR + RX - RB = RR + RF,

vhere: :
RR = required reserves RX = excess reserves
RF = free reserves i RX - RB ‘

Required reserves are in turn equal to:
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(5) RR = aDD + bTD
where:
DD = demand deposits
TD = time deposits

a,b = reserve requirements against demand and time deposits,
respectively. ‘ :

Using equations (3)-(5), one ends up with the following equation for the
uses of the unborrowed base: .

(6) BU = aDD + bTD + CUR + RF.

Since the monetary base from the sources side is determined by equation

(2), equation (6) can be used to determine one right-hand-side variable.

Following the practice of the Federal Reserve econometric model, we have

7) DD

(?U - bTD - CUR - RF)/a. '

Equation (7) statés that given the unborrowed base from-the sources side
[equation (2)], and given the uses of reserves in the form of currency,
free reserves and reserves against time deposits,- the quantity of demand
deposits is determined.

To cbmplete the monetary sector of the_sub—mpdel we need to specifj
four asset demand functioms to determine DD, TD, CUR and RF. The short-
t2rm interest rate can be thought of as equilibrating the demand for base
money, as given by equation (6), with the supély of thé monetary base,

which is determined by equation (2). As mentioned above, in making

1Equation (7) combines equations XV.6 and XV.7 in the Federal
Reserve econometric model. See Quarterly Econometric Model Equations,
January, 1975. '

. chosen demand deposits as this variable. Rearranging equation (6) yields:1
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simulations and forecasts the equation for the demand for demand deposits
is iﬁverted so that the short-term interest rate becomes the left-hand-
side variable. The monetary sector thus consists of six equations in six
unknowns: BU, DD, TD, CUR, RF and RS, the short-term interest rate.

Asset demand functions in each country have the following general

form:
(8) Ai/Nw = fi(IR, Ti/NW)
where:
. .th ’
Ai = pominal value of the i asset
NW = nominal value of private net worth in the country
IR = vector of rate-of-return variables

- Ti variable that generates a transactions demand for the

th
i asset.

This general functional form embodies ﬁwo basic prbperties: 1) it is
homogeneous of degree one in pominal magnitudes, and 2) the tramsactions
variable, Ti’ is deflated by pet worth so that in the long run-—-when Ti
and NW move proportionately——the demand for Ai will be homogeneous in
wealth. If one did not deflate the transactions variable by net worth,
then the proportion of wealth devoéed to money balances, for exagple,
would grow over time. Following Tobin, we divide Ti by NW to avoid this

1
anomalous result.

1See James Tobin, "A General Equilibrium Approach to Monetary Theory,"

Journal of Money, Credit and Banking, Vol. 1, February, 1969, p. 20.
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To emphgsize the portfolio-allocation aspects of our asgét demand \
functions we also follow Tobin in making the demaﬁd for mouney depend on
net worth. This impliés that for given interest rates a positive fraction
of an incremént in net worth will be allocated to cash balances. This
assumption can be rationalized oh the gtoﬁnds thaf the additional money
balances provide an implicit service in the form of fewer trips to the
bank and fewer conversions between money and interest-eafning assets.
In addition, one can argue that an increase in net worth generates an
increase in the demand for money because of additional portfolio trans-
actions. -

In the monetary sector‘the réte—of-retutn variables are the domestic
short-tem intgresi rate, RS, a vector of fcreign short-temm rates, FRS, v
and a vector of cxpected exchange rate changes, DRE. We assume that

market—determined short-term interest rates generally embody the curreat

'expected rate of inflation, and therefore higher inflation rates are

assumed to reduce the demand for money-fixed claims because inflatiopary
expectations wiil raise nominal interesr rates.

Equation (8) is assumed to be a linear functioﬁ. Explitit functional
forms for currency, demand deposits and time Aeposits for the ith cguntry

are given beldv, where both sides qf (8) have been multiplied by NW.

1For a contrary view, i.e., that the demand for money is not a func-
tion of net worth, see Albert Ando and Franco Modigliani, "Some Reflectioms
on Describing Structures of Financial Sectors," in Gary Fromm and Lawrence

Klein, eds., The Brookings Model: Perspectivess and Recent Developments,
North-Holland, Amsterdam, 1975. '
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(9) CURi = AOi(‘L)NW1 + Ali(L)(Rsini) + AZi(L)CVi
(10) DD, = 1301(1.)1~rw:L + Bli(L) (RSi-Nwi) + B2i(L)GNPVi-
+ gn (L) (RS, °NW.) + %b (DRE ‘NW)
j=i 3ij 3 i j=i 4ij ij i
jfi |
(an . = C...(LYNW, + C. (L) (RS, "NW ) + C (L)Gﬁpv
i oi i Ul i i 21 i .
+ $ ‘ 3
j=1 csij(L)-(st'Nwi) + j£1° 443 (DREij‘NWi)
it j#i
where:

L = lag operator

DRE.. = (RE,.-R..)/R,. = expected change in R

1] ij 137 13 ij
REij =:expected Rij next period
A‘Rij = units of currency i per unit of currency j.

There are several points worth mentioning about these equ;tions.

1. The demand for currency is a function of nominal consumption
rather than nominal GNP, as in (10) and (11), on the grounds that expen-—
ditures by consumers would appear to be more closely associated with the
transactions demand for currency than income. An élternative approach
——following the Tobin-Brainard lesson that asset demands are part of a
system of equations that are restricted by a budget consﬁraint——is to
make each asset demand a function of all the variables that4enter demand
equations. We have chosen not to pursue this approach here because our

pet worth variable is not equal to the sum of the assets we are explaining,

S, emmp—- T o o - A+ Sv——— = 8



and consequentiy/the constraints on the coefficients across equations
(sum of intercept terms equal to one, sum of rate-—of-return coefficients
equal to zero) do not hoid.1

2. Foreign as well as domeﬁtic short-term assets are considered a
substitute for domestic demand and time deposits, and therefore foreign
interest rates, RSj, as well as expected changes in the exchange'rates,
DRE i enter as explanatory variables. If DREij is positive, the exch;nge
rate is expected to depreciate, éo_there is an_ incentive to move into
assets denominated in foreign cﬁrrencies. Cunsequently b&li and cdij are -
negative. Only the current valué of DRE enters as an explanatory variable
because it appears that asset demands adjust very quickly to expected
exchange rate changes. |

3. Uncoveréd'foreign interest fates are used in (10) and (11). The
reason is that the forward premium is determined mainly by the uncovered
interest differential and the expected change in the exchange rafe between
the corresponding currencies. Since these variables appear in the asset-
deﬁand equations, the estimated parametérs are really reduced form co-
efficients that take into account the induced response in the forwafd
premium. ‘If the premium is influeﬂced in an important way by other
variables, e.g., official forward inte;ventinn, then it will be necessary

either to deal with the forward market explicitly, or to enter these

other variables in the asset demand equations.

hd .

The manner in which net worth is computed is explained in the
Summary Paper, Part II.A.S.
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4. Equations (9)-(11) reflect the simplifying assumption that these
assets are demanded only by domestic residents, since foreign net worth |
does not appear as an e#pléﬁatory variable. If foreign holdings of these
assets are significant and if equations (9)—(11)'cannot adequately explain
the behavior of these assets, then foreign demand éan be taken.into
account ﬁy either:

a. adding foreign variables, e.g., foreign wealth, to these
equations, or : -

b. separating out the foreign holdings of DD and TD and
estimating equations for these components.

An example of a separate treatment of the foreign demand for domestlc

money is provided below for the case of Germany.

S. The asset demands are specified as functions of current and
possibly lagged values of net worth. The rationale for including lagged
values 1is that it maf také more than a quarter for the demand for CUR,

TD and TD to adjust to a change in wealth. More generally, it should be

- noted that generalized lag structures will be used in estimation, in-

volving Almon or Shiller techniques, rather than the Koyck lag. There
are two reasons for this: 1) the Koyck procedure involves using a lagged
dependent variablé as a regressor, which entails econometric probiems,

and 2) it imposes the same lag structure on all explanatory variables.1

1For a recent comparison of alternative distributed-lag estimators—— ‘
where it is shown that the Koyck procedure may give misleading results—-
see John Wilson, "Have Geometric Lag Hypotheses Outlived Their Time?
Some Evidence in a Monte Carlo Framework," Internatiomal Finance Discussion

Papers, No. 82, April 1976, Board of Governors of the Federai Reserve
System.

©an e ¢ o e 4w e g g e 1+ v
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6. 1If the basic structure of the asset demand equation infglves
a disturbanée term such that Ai/NW = fi(IR’ Ti/NW) + ¢, where € has a
constant variance, then multiplying both sides by NW can make the dis-
turbance heteroskedastic because NW has a strong time trend. Consequently
we shall ﬁave to test our asset demand equations for heteroskedasticity,
and if the errors have a non-constant variance, re-estimate the equat%ons
either using generalized least squares or in ratio form, i.e., CUR/NW,
etc.
7. There are three different ways to measure foreign interest rates'
and exchange rates. One can:
a. use one interest rate, e.g., the Eurodollar rate, and the
_correspondlng expected bilateral dollar exchange rate for

countries other than the United States;

"b. enter several interest rates and expected exchange rates
' separately, as is done in equations (10) and (11); or

c. form weighted averages of both variables.

We do not know a priori'which procedure will yield the best empirical

A

results, and these results will probably vary from country to country.

We will proceed by using the least restrictive specification first, i.e.,
b, and then go on to ¢, or as a last resort use a, if the initial results
are unsatisfactory. :

8. We have two reasons. for separating time from demand deposits,
. . ’ s

\
even though we specify the same equation for both variables. First,
time and demand deposits are subject to different reserve requirements.

Second, if both kinds of deposité,were combined, it would be more difficult

to estimate the 1ncerest—sensitivi;y of the demand for money. The reason
. \

\
A

L
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is that an increase in the market-determined short-term rate (the rate
we shall be using in our country models) will ten& to faise the rate

paid on time deposits, which will lead to a shift from demand into time
deposits. This shift within the aggregate used as the dependent variable
will mask the interest-sensitivity of the demand-deposit component. By
separating out time deposits we avoid this problem. -

9. We have simplified the monetary sub-sector somewhat in that
the time-deposit rate is not included in our country sus-models, even
though it should appear as the own rate of return in the time deposit
equgtion.' Our reasons for making this ;implification aré that 1) at
certain times there have been'statutory ceilings on interest rates payable
on time deposits, and 2) when not subject to govermnment control, the time
deposit rate tends to be cofrelated with the rate on short-term money-
market instruments, RS. In this latter case a change in RS will have
both a direct and an indirect effect (through the time deposit rate)
on TD, so that the parameters in equation (11) are really reduced form
coefficients.

To complete the specification of the moﬁetary sector of the sub-
model we need to determine free reserves, BF. We start with tﬂe balance
sheet of the commercial banks, which is the same as that.described in
6tit Summary Papef, Part 11.A:Z: )

A L

' RR DD ’
RX TD
STS . RB )
LTS
FA W
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where:

STS = short-term domestic securities
LTS = long-term domestic securities
FA = foreign assets

NW = net worth of commercial banks
As with the private non-banking sector, the assets and liabilities of
banks are influeﬁced by their net worth, since this is fixed in the.short
run and constrains their net asset position. Unlike households and
firms, however, banks lack control over one other item oﬁ their balance
sheet, namely, the level of demand deposits, which is determined by the
non-bank public.1 Banks must invest what they receive as demand deposits
nef of required reserves.2 The portfolio decision of banks is therefore
constrained by their net worth plus their demand deposits net of required

reserves:

(12) NW + (1-a)DD = (RR-aDD)- TD + (RX-RB) + STS + LTS + FA

(12") NW + (1-a)bD (b-1)TD + RF + STS + LTS + FA.
Since we do not explain banks' net worth in our model, the demand for

free reserves will be constrained only by net demand deposits, (1-a)DD,

which play the same role here as the private net worth variable in the

money-demand functions.
Since RF = RX - RB, we must look at the determinants of thise two

variables. The short-term interest rate'represents the opportunity cost

1 . .. a9
If time deposits were subject to an interest rate ceiling, then

they would also be exclusively demand determined. To the extent that
banks can vary the rates they pay on time deposits, they can control
the quantity of this particular liability.

zThis.is embodied in the model described by Tobin, op. cit.
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of excess reéerves, and therefore an increase in RS will reduce RX. The
level of borrowed reserves depends on the difference between the discount
rate (RD) and thg short-term rate because an increase iQ.RS, for a given
RD, makes borrowing from the central bank more profifaﬁle, whereas a

rise in RD discourages such borrowing. In addition, the demand for both
RX and RB may reflect some short—rﬁn adjustment to changes in required
reserves (ARR) caused Sy alterations in reserve requirements, and changes
in unborrowed reserves (ARU). A rise in the latter will tend to be associated
with a short-run increase in RX and a reduc;ion in RB, since banks may not
fully adjusﬁ their earning assets within one quarter. " An increase in
required reserves caused by a change in reserve reqqirements would tend to
have opposite effects because it may be easier for baﬁks to adjust excess
reserves and borrowings than earning asséts, especially loans, when faced

with a reserve deficiency at unchanged deposit levels. The equation for

free reserves for the ith country therefore looks.like:1
(13) RFi = doNDDi + dl(RDi—RSi-)NDDi + dZRSi‘NDDi
+-53ARUi + dSARRi
where:
NDD = (1-a)DD
ARR =

8a(DD_;) + Ab(TD_,)

. RU = BU - CUR

Only contemporaneous values of the explanatory variables enter this equation

1This equation is very similar to the one used in the Federal
Reserve econometric model. See equation XV.2 in Quarterly Econometric
Model Equations, January, 1975.
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because free feserves apﬁear to adjust very quickly.l Equation (13) also
embodies the assumption that the rafe of return on domestic short-term
securities represents the opportunity cost of porrowed reserves. vacom—
mercial banks in the countries in our modei regard foreign assets, e.g.,
Euro~dollar deposits, as close substitutes for domestic securities, then
thé interest rate on these foreign assets should also be included in the
equation explaining free reserves. )

One final point should be made about the consolidated balance sheet
ofvthe commercial banks. Leaving aside net worth, we explain all bank
assets ﬁnd liabilities except non-deposit liabilities and.holdings of
domestic short- and long-term securities. (Banks' foreign assets are
determined as a component of Eapital flows, which are described below.)
We ignore the banks' demand for long-term securitieé becauge.the long~
term domestic iﬁtefest rate is exﬁlained using a term—structuré equation,
rather than by equating the supply and demand for these securities. As
described in our Summary Paper, Parts II.B.S5 and IIi.B, the equilibrium
condition in the market for domestic short-term securities is replaced by
the balance-of-payments equilibrium condition, and therefore the demand
for short-term securities by banks is regarded as being determined as a
residual from fheir balance sheet constraint.

The term-structure equation explaining the long-term interest rate

in each country is based on the assumption that domestic short- and

e
‘-

lror evidence on this point, see Thomas Thomson, James Pierce and .
Robert Parry, "A monthly Money Market Model " Journal of Money) Credit
and Banking, November, 1975.

—— =
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long-term securitiés are very close if.not perfect substitutes. If this
assumption is valid, then arhitrage between the markets for short- an§:
long-term domestic securities will insure that the long-term rate is ﬁ
weighted average of expected future short—éerm rates. If one assumes
that expectations regarding expected future‘éhort rates contain both‘
extrapolative and regressive elements, then the long—term interest rate
for the ith country can be expressed as a function of a constant terﬁ
(representing a risk factor) and current ard -lagged values of the shqrtF

1 .
term rate: S -

(14) - RLi = a, + alei + AZ(L)RS

i-1
This equation implies certain assumptions about the demand functions
for domestic short- and long-term securities, Modifying equation (8)

slightly, these demand functions can be written as follows:

(15) SIS, = £(RS,, RL_, FRS, FRL, DRE)NW,

(16) L'l‘S:L =_g(RSi, RLi, FRS,- FRL, DRE)NWi

-

where FRS, FRL and DRE are vectors of foreign short rates, long rates
and expected exchange-rate changes,‘respectively. The assumption of perfect

substitutes implies that the partial derivatives with respect to RSi

and RLi in (15) and (16) are very large.relaiive to the partials of the:
other explanatory variables in the equationsl "The net effect of this

assumption is that in an equation such as (i&)-—wh;ch is really a reduced-
form equation for the long-term rate—the direct influence of FRS, FRL ‘

..

1'For a derivation of this term-structure equation, see Franco
Modigliani and Richard Sutch, "Innovations in Interest Rate Policy,"
dmerican Economic Review, Papers and Proceedings, Vol, LVI, No. 2,
May 1966, pp. 178-197.
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and DRE on RL is effectivelf zero bgcause the denominator in the reduced
‘form [the coefficient of RS in (16)] s&éﬁps the structural coefficients of
FRS, FRL and DRL in (16). Foreign interest rates and changes in expec-
tations regarding future.éxchange rates will have an indirect effect on
the domestic long-term rate, however, to the extent to which they influence

the current and expected future domestic short-term interest rates.

B. International Financial Flows
1f we were to adopt a full-fledged flow-of-funds approach to interest
rate and exchange rate determination, we could then dispense withlstandérd
capital flow equations. We would instead have_to describe the foreign
demand for specific domestic securities, and the iﬁterest r;tes on these
sééu;itieg would be deﬁermined by equating the domestic supply witﬁ the
total, 1.e.; ﬁomest{c and foreign, démand. As explained in our Sﬁmmary
Paper, Part III.B; however, we are not pufsuing this aﬁéroachf We use
term structure equations to eiplain long;term interest rates, racher than
equating the supplies and demand for long-term assets, and we drop the
markets for short-term securities and substitute balance of payments equa-
tions. With the possible exception of the foreign demand for domestic
money, we have no need to identify and explain the foreign demanq for
snecific domestic assefs, and similarly, we are not forced to speqify
the domestic demand for particular foreign assets. Instead, our tésk
is to explain the international financial ;ransactions of the countries in

our model without concern for the particular markets involved. This \
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means that we can aggregate sevérai of our demand funétions for foreign
assets. , . |

The éxception mentioned above relates to the one mérket whéfe we
specify evplicitly the supplies and demands for assets, nhmely, the money
market. If foreign demand for domestic demahd and time deposits.(fgreign
holdings of domestic currency aré presumed small enough that they can be
ignored) have an important influence on domestic monetary conditions, .then
one can make a case that the foreign component of total demand should
be modeled separately. For example, there hag in the past been heavy.
foreign demand for German deposits: at the end of 1968 foreigners held
nea;ly-eleven per cen£ of German demand deposits and eight and oﬁe;half
per cent of the.time deposits. At the end of 1974 these figures were eight
per centAand under one-half percent, respectively.v The effect of these
shifts in and out bf Germany on unborrowed reserves, and therefore on
the German monetary sector, are taken into accouﬁﬁ in the German sub-
model through th% link between international reserve changes and capital
flows. There is in addition a further effect that arises from the fact

that in Germany differential reserve requirements are imposed on foreign

. deposits, so that changes in the mix of domestic and foreign deposits

cause variations in the relationship between the unborrowed base and the
total volume of deposits.
To take account of foreign deposits in Germany we plan to specify

and estimate a separate equation for this variable. Required reserves now
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become:

(52) RR = aDD + bID + cFD
where FD = tqta}.fo:eign deposits (demand and time) and ¢ = average
reserve requirement against foreign deposits. The eqﬁaﬁion for the
"supply" of demand deposits is given by'.l

(7a) DD = (BU - bTID - cFD - COR - Ri‘i/a.

Under fixed rates a change in FD has a two~fold effect on DD, since BU
changes on-for-one with FD, and dDD/dFD = (1-c)/a. If, on the other
hand, there are floating rates and no official intervention, then_the
gffect comes only through a change in required reserves, so that
aDD/3FD = - c/a.

Thus other than the foreign demand for domestic money, we do not
have to isolate the demand by foreigners for particular domestic
assets. This means that we can aggregate the international financial
flows of the countries in our model. This aggregatiom simplifies
the task of estimating our model because we need to explain all
capital inflows and outflows in the five country sub-models, since
we use the balance-of-payments equation in place of the equilibrium .
condition in the short-term securities market.

International financial transactions are typically broken down
into three categories: short—terﬁ, long-term portfolio and lcng-term
direct capital flows. There are several reasons for combining short-

and long-term portfolio flows in our model. First, the same functional

1Quotation marks are used for the word slipply to warn the reader "
that equation (7a) is not a behavioral supply equation but a rearrange-
ment of the reserve identity.,
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e "% AN

form, ngmélx,.gqqatiqn (81, is uﬁedqu_descr%be bo;b types of é;gwsz‘

On the other hand, a different functional form is eaployed to explain
long-term direct investment; it is igpiyed from considerations regarding
plant and equipment expenditures overseas and factors affecting the
financing of these expenditures.l $econd, short-term flows arg.an' 3
aggregate that includes asseﬁs ranéing in ;aturitf ffoﬁ &emaﬁ& depééits
to one-year securities. éince-we have already assumed considerable . °

substitution between domestic short- and long-term securities, it ~

.seems reasonable to suppose that such substitution also exists between

foreign assets with different maturities. This implies that long-
term rates should appear in the short-term caéital flow équation, and
short-term rates in the long-term equation. Finally, long-term flows"
include instrumgnts with an original maturity of more than one year.
When the time to maturity of such dinstruments drops below one year,’
however, they-have all the characteristics of short-term asséts,

Thé demand'of the private sector for finanﬁial claims on foreigners
(PFC) is therefore the sum of short-term claims (STC) aﬁd longFterm
portfolio éléims (LTPC,, and is a function of the éﬁme'varigﬂles fhaﬁl
explain the demand.for domeétié'sécuriéfés giQen by.éqﬁéﬁiéhs (15)-Qﬁ&

(16). We use in addition one other variable, namely, the value of the

‘

.country's exports (XGV). This variable repfesents both the transactions

demand for foreign currencies and. the'extension of trade credit on the

part of domestic exporters to foreign buyers. To preserve long-run

S

1Equations explaining léng—term direct claims and liabilities are
described in the Summary Paper, Part IV, equations (50) .and (51).
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homegeneity in wealth, this variahle is divided by domestic net worth.
The general functional form for the ith counfry's private financial -
¢laims on the jth country is given b}:

i]

7’ PFC,, =f(RS,,RL,, FRS, FRL, DRE, X6V,

. ﬁﬁ;" Ny

The bilateral claims repreéente& in (17)are not only a function of réles
of return in the two countries involved, but in principle depend also

on interest rates in all other countries. This is why vectors of rates

of return (FRS, FRL and DRE) afe included. in (17). If.we now aggregate

over countries to get total financial claims on foreigners, we obtaih

a function with'fhe same form as (17), the only difference being that

the coefficients of the explanatory variables are now the sum of the

corresponding coefficients in the bilateral equations:

' 6 - XGV
= - = §? . - . .
(18) PFC, = 351 PFCij £'(RS,, RL;, FRS, FRL, DRE, i) NW.

o I VT ‘ o Ny

Equatlon (18) is a §£ggghdemand function. Since most of thé data
on internaC1onal f1nanc1al transactions are.in flow form, we have to
take the first.difference.of (18). Assuming that f! (RSi, ...).is
linear, we héve:

'(19)m APFCi = Aoi(L) éNWi f Ali(L) A_(RSi '.Nwi) + AZi(L).A(RLi . Nwi)_

6
A3i(L) Axcvi + 5E 1 4 . (L) A(RS . Nwi)‘
. M
-~ & . 5 ‘
. + 321 ASij(L) A(RLj ’ Nwi) + 5E 1 6 ij A(DREij f Nwi)
J#1 ' JH c
B + a7 CAPC
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where CAPC ig'a Vaéiéﬁle 3e§igned't6 capture the effects of cépital
controls. The change in financial claims oﬁ fbreigﬁeré is assumed to
;ﬁjust~withiﬂ oneféuafter tg expected é#change tate>chaﬁges, but there
may be.iagged édjdstment to cﬁéngéé'iﬁ interest rates, ﬁaihly‘becauée’t
long~term poftfolio ciéiﬁs éppear-tbvtaké more than one quarter to fééﬁohd
fully to variations in interest rates. The'légged adjustmént.tbAﬁmébrqg.:
reflects the fact that therchahge in the stock of trade crédif'depeﬁdé not
only oﬁ thé éxtgngibn?of"crédif dué to éh iﬁéréésé in expofts;i; the'

current period, but also on the current repayment of trade credit extended

in the basé.
The specificatidn'emboaied in (19) includes only one effect of exchange
rates on capital flows, namely, the influence of expected exchange rate

changes on the rate of return on foreign assets expressed in domestic

currency. It does not take account of two effects of changes in the level
of exchange rates on financial claims on foreigners. To the extent that

these claims are denominated in foreign currehcies; é'éhangé inzeﬁcﬁénéé4
rates will affectltherdoﬁesiic-cﬁrrehc} value of 1) ciaiﬁs_oﬂ foféiéneré.
and; therefore 2)'privaté net worth. The'formef is'tféicaily caliedlﬁhe-'
"“portfolio —irebaiéﬁcihg "effect and theklatﬁer the "wealth" effect of
exchange rate éhaﬁges.l Tﬁé pbrtf§li;-rébéléncing éffect'ﬁiii oﬁtﬁéigh‘

the wealth effect, so that in the case of a devaluaﬁion, for éxamﬁié;.

- e N . . - (S ¢

lFor a discussion of these effects, see Lance Girton and Dale Henderson,
"Central Bank Operations in Foreign and Domestic Assets Under Fixed and
Flexible Exchange Rates," Dennis Logue and Thomas Willett, "The Effects of
Exchange Rate Adjustment on International Investment,” and Gnv Stevens, '
"Comment on 'The Effects of Exchange Rate on International Investment',"
all to appear in a forthcoming volume edited by P. Clark, D. Logue and R.
Sweeney, The Effects of Exchange Rate Adjustments, U.S. Government Printing
Office, Washington, D. C.
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under ceterig'par}bognassumptiooe‘the e*change»rate change will cause a
reductﬁpof}EMQesrred claigs_oo.foreigners.

é%g;é Later:etage of our modeling work we shall attempt to take account
of theee .eﬁfects of excoangerirate changes‘on capital f;ows. Innthe
%g;t%a; atage“of model construction,‘however, these effects'will be
igaoreo! tae primar¥ reason being that information on the currency
coypos%t}oo of tpe foreign claims of the five countries in our model is
far from complete. An additional reason is that we wish to.begin with a
relatlvely smp le model.

In our Summary Paper, Part iII A, we pointed out the followlng
relationahip between world claims and liabilities: when expressed in the
same currency, the sum total °§,th§ claims of the five countries plus
the rest of the world (ROW) on each other is necessarily equal to the sum
of‘theirhliabrlities to each other. We would_iike to be able to exploit
this relationship between claims and liabilities in a manner similar to

that by whlch we utlllze the world 1mports = world exports identity.1
In a multl—country model it is de51rab1e to ensure that the sum of
11abilit1es to foreigners generated w1th1n the model matches the sum of
claims on forelgners 1mp11ed by the asset-demand Eunctlons. For examgle,
if we had 1nformatlon both on bllateral clalms and the claims of our

‘aggregate ROW sector, and 1f we: had asset-demand functions to explain these

clalms, we could then determlne each country s liabilities to foreigners

See the companion paper by Richard Berrner, "The Goods Market and the
Labor Market of the Multi-Country Model," for a description of the method
by which our overall model takes account of the fact that world imports.

. £ world exports. e e i -'..,:_ua; O S T

e N T .. A . e

. —— - ———
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as identically equal to the claims on that country. With regard to
financial claims and liahilities, we would have:

6

(20) NPFL, = I, PFC,,

where NPFLi =jtztal financial liabilities of the ith.country net of those
to foreign official monetary institutionms. Unfortuqatgly, the requisits
data are not available which would enable us to implement this approach.
Nevertheless, the relationship between claims and liabilities can
be embodied to some extent in our model. This can be done by explaining
NPFLi as a function of the financial claims of the fqpr other countries
in the model, i.e., PFCj, j=1, ..., 5, j#i, and by assuming that
these rlaims are allocated to the ith couﬂtry deﬁending.on.the values of
the rate-of-return variables that appear in equation (18). 1If ome
follows this approach equation (20), which is an identity, can be re-
placed by the following equation: |
(21) 1~u=:~*i,"i = jzl PFCj " 8y (RS, RLl FRS,FRL,DRE) + h, (MGV )
' j#i-. ' . S
In equation (21) thg exports of the jth country, j=1, ...,5, j#i, have
been replaced by the ith count?y's imports (MGV) because an'increase |
~in its imports;will generally bg associated wi;h an iqqrease invtr;de—
related borrowing abroad, not only from‘thg four qthe; ;ount;iés in thg»
wodel, but from'ROW‘as well.ﬁ .'-; ‘ -
"If we assume that the g and h functions are linear and takeifi?st

differences, we obtain the following fully disaggregated_eduation

explaining short- and long-term portfolio liabilities to foreigners:

- . X S e rermmem wmmas s e - g
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(LYaA(RS, * PFC.)

. I S
(22) ONRFL, ~= L. B (L)A.PFCj + lij i 3

=1 “oif 3
J#L ' J#i

“Hs Jis1 Ln
.

S
+ 7—:1 213 (L) A(RL -Pch
Ja‘l ' ‘

S

6
R El k 1 3 k(L)A(RS *PFC )

. 'j¥1 k=i

)

5 | .
+ B By WBERLPRC) L

L k#i

_ 5 5

+ sE1 1k bsigrd Oy PFC, )
j#l k#i

; +_ Bg (L) & MGV, + b7 CAPC

A comparison_of (22) with (19) reveals that the former has many

more terms than the latter. The reason,'of course, is that the change

claims is determined by the behavior of residents in only one country,

in

whereas the change in a country's llabllitles reflects the decisions of

residents in the four other countries in the model and the rest—of-the
world sector. As it stands, (22) contains far too many explanatory

variables to be estimated, so that it will be necesséry to aggregate

one or more of these variables. At a minimum, we will aggregate the

private financial claims of the four countries.

It should be clear that equation (22) will prbvide only a rough
approximatioﬁ to the claims—liability relationship represented by
equation (20), the major ré&soﬁ ieing that we are not in a position to

explain the change in private financial claims of ROW. This is the

»
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reason why the index k in (22) runs only to five.' However, the specifi-~
cation embodied in (22) does have the‘advantégé that it ensures that an
" increase in the élaims of the five countries in the model does lead to
an increase in their liabilities. It seems reasonable to impoée tﬁis
specification because of the close financial ties among these five
countries. We shall nevertheless also experiment with a more tradi- .
tional specification of the liabilities equation that uses the net worth
“of foreign countries in place of their claiﬁs on foreigners. 1In this

alternative specification ANWj.would replace APFCj in equation (22).

C. The Eurodollar Interest Rate.

In our discussion of international financial transactions we have

‘implicitly assumed that these capital flows are a function oni& of

nationalAinte;est rétes.‘ For the countries in our modél,'however, the
éhort-term Eurodollar }nteres; r;te.is an importan;'determinaqt of finan-
cial flows. Since this'interesg rate is in turn a function of the finan-
cIal flows among the countries in th; overall model, it is necessary to
treat it as an endogenous v#rlable to be explalned along with natlonal
interest rates.

For our purposes we can use a reégce@ form equation to éxplain the
Eurodollar rate. We could derive this eqpation by agg:egating.the excess
demand for.Eurodollar deposits on the part of the fivg individual coun-
tries...ﬁé have found itumore convenient} however, to specify the supply

and demand for three-month Eurodollar deposits for only two regions:
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the United States and the four other countries combined. We shall

therefore deal with weighted averages of the relevant variables in these

four countries.

We have also found it simpler to describe separate

supply and demand functions for short-term funds emanating from the two.

regions. -

Starting with aggregated supply and demand functions for Canada,

-

Germany, Japan and the United Kingdom (which we shall denote by NUS

i.e., non-U.S.)

S
(23)  EDg.c

D

(24) EDNUS

where:

NUS =

EDR =

USRS =
FRS =

DRE =

MGV =

'BARD =

= a_ + 5. EDR + a.USKS + 3

we have:

DRE + & FNW

FRS + 3, 5

(o} 1 2 3

b+ b.EDR + ﬁzusszs + §3FRS + gADRE + ﬁsmcv + D, BARD

0 1 6

supply of three-month Eurodollar deposits by NUS (lending)

deménd for three;mbﬂth‘Eﬁrodollar funds banUé (bdrrowing)
thfée—mohth Eurodollar iﬁfefest rate | . . o
shoft—term U.s. idtefest rage. |
weighted'average of the éhort—term iﬂté&est rates in ﬁUS
weightéd avérage of the expeéted chaﬁgés in the bilatefal
dollar exchange rates of NUS
weighted'ave;ége of net worthnin ﬁUS
weighted averagé of mérchandige'import; in Nﬁs

dummny variable for the Bardepbt. which was designed to

reduce German firms' foreign borrowing.

. e, .o ———— - - . "

Lo ep— e a— oy —
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Expected signs have been put above the coefficients; Exchange rates
are defined as dollars per unit of foreign currency, sn that an expected
depreciation of the dollar reduces the supply of Eurodecllar deposits
(3aﬂ¢ 0) and increases the demand fo:*borrowed dollars (b4 > 0). Euro-
dollar borrowing is assumed to be a function of imports, i.e., it

reflects trade financing (among other things), with a high weight pro-

*

bably going to Japan.

Supply and demand equations for the United States are:

S +— - - - -— +
(25) EDUS = co + clEDR + c2USRS + cBFRS + c4DRE + CSCAPC + c6USNW
26) EDP. = d_ + 3 EDR + 3_USRS + 4,REGQ + I REGM + d. TB
(26) EDyg = dg +dy 2 3RECQ + ¢ REGL + dg
+ d6 [(l-a)DDUS].
where:
EDgS = supply of three-month Eurodollar deposits by U.S. (lending).
EDD -
US = demand for three-month Eurodollar deposits by U.S. (borrowing).

CAPC = &ummy variable(s)“fgr‘;apitél controls restricting U.S.
capitalﬂﬁutflows

USNW = U.S. net worth

REGQ = difference between USRS and Regulation Q ceiling rate on

. time deposits if this difference is positive; otherwise,
REGQ = O.

REGM = dummy variable set equal to zero prior to 1969Q4; beginning

" 1969Q4 scaled to the size of the reserve requirement

(Regulation M) against U.S. bank head office borrowing

from foreign banks, mainly foreign branches of U.S. banks.



- 28 -

TB = average quarterly outstanding U.S. Treasury and Export-
Import Bank securities especially issued to U.S. foreign
branch bénks. These securities were first issued in January,
1971, and were fully retired by the end of October , 1971.

DDUS = total demand deposits. The term (1-a)DD measures demand

deposits net of reserve requirements (a) and represents a
source of funds exogenously given to the banking system.
An increase in (1-a)DD should reduce the need to borrow

from fbféign branches, and thefefore dé <0.

U.S. lending to the Eurodollar market was probably curtailed to
some extent by capital controls, CAPC. U.S. use of this market has -
<» been dominated by head-office borrowing from their foreign branches,

which explains the large number of institutional-type variables in the

D
EDUS equation.

. S s _ _..D D .
Setting EDNUS + EDUS = EDNUS + EDUS‘ we end up with the following

reduced form equation for the Eurodollar interest rate:

(27) EDR = a. + o, USRS + a . FRS + o DRE + a,FNW + a_FMGV + o USNW

0 1 2 3 4 5 6

+ a, [(l—a)DDUS] + gBCAPC + agBARD + alOREGQ + allREGM

+ alzTB + ulSDQl + a14DQ? + ulSDQA.
where:

8 =a te -b -4d >0

= (bo + do -aj - co)/A
- (b2 + d2 -a, - cz)/A> 0

%

%

. . P . - s - —————
R e el o i e . . . . I o .
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(by - a,

4y = (,b4 -a, - 24)/A >0

<3
n

- c3)/A >0

a4=aslA. <0
og = bSIA >0
Q§=c6/A<O .
a, = d, /8 <0
ag = cSIA >0
ag = bGIAf <0

= > 0
%0 d3/A .

= <0
ull ‘ d4/A

= >0
ey, d6/A .

Seasonal dumﬁies have been added to the equetion because it appears
that "window-dressing" and other seasonal borrowing has had a short-run
effect on the Eurodbllar rate. Because av;ilable e;idence suggests that
there is rapid adjustment in this market, it is quite likely that only
current values of explanatory variables need to be used. To avoid multi-
coilinearity foreign and U.S. wealth could easily be combined to give one
wealth variable.

Net excess demand for Eurodellars originating in the rest-of-the
world sector could in principle have some effect on the Eurodollar rate.
Empirical studies have ghown. howeve;. that nearly all the variation in

this interest rate can be explained by the variables appearing in equation

(7). We therefore believe that we can ignore changes in net Eurodollar
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demand on the part of countries other than the five explicitly included

in the model.

D. Treatment of Monetary Policy Instruments

In our‘description of the monetary sector for each country sub-model
we have included as part of our specificatién four instruments of monetary
policy: intervention in the foreign e%change market, NFA; open market
operations, NGP; reserve requirements, é.and b; and the discount réte, RD.
We have made these instruments e#plicit because one major function of
our overall model will be to exfldre the effects of alternative monetary
policies on the U.S. economy. The linkages between these policy instru-
ments and ultimate targets - real income; the inflation rate'and the un-
.¢mployment rate - have been spelled out in the model, so that by means of
simulation experiments we will be in a pesition to eiplore the implica-
tions for the econémy of different assumptioné about the time paths of
the instruments of monetary control.

Policy instruments are typically treated as exogenous variables in
macroeconomic models. As recently pointed out by Goldfeld and Blinder,
however, two problems may be encountered if one makes this assumption.1
These problems arise because policy instruments are generally manipulated
to achieve the goal of stabilizing the economy, which implies that they
will be adjusted in response to current ecoﬁomié conditions. If the
instruments of mometary policy are systematically related to other

variables in the model, then they should be viewed as endogenous variables.

1Stepben Goldfeld and Alan Blinder, "Some Implications of Endogenous
Stabilization Policy," Brookings Papers on Economic Activity, No. 3, 1972.
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.
,l

The first pfoblem identified by Goldfiéld and Blinder is an econo-
metric one: when a policy instrument appears as an explanatory variable,
estimation involving ordinary least squares will lead to the usual diffi-
culties associated with using an endogenous-vari;ble as a regressor.
Goldfeld and Blinder find that this problem is much less acute in struc-
tural models as compared with reduced form equations, the main reason
being that policy instrumengs seldom appear as explanatory variab}es *n
behavioral equations. In our monetary sub-model, instruments appear in
only one equation, that for free reserves. In addition, Goldfeld and
Blinder report that their Monte Carlo experiments suggest that the bias
in structural models is itself very small. It seems reasonable to conclude,
then, that the estimation bias associated with using endogenous policy
instruments in structural models is.not;Severe.

On the qther'hand. they find that if one treats policy instruments
as exogenous, then one can overs;ate the magnitude of policy multipliers.
The effects of a.change in a given policy instrument on the economy
will not be offset if all other instruments are set exogenously, e.g.,
at'constant levels. However, if the other instruments in fact respond
endogenously to the imfact on the economy generated by the change in the
given policy instrument, then the magnitude of this impact will be reduced.
If these induced policy responses are systematic and persist over time,
then they should be included within a model that is designed to measure

the impact on the economy of varjation in specific policy instruments.
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To measure policy multipliers more precisely it will be necessary
to endogenise at least some of the instruments of moﬁetary policy. If
we can identify systematic relationships between instruments and othe;
variables in the model, then this information can be used in simulation
experiments when we exogenously change one policy instrument and compute
the effects on the economy. Instead of setting other policy instruments
exogenously, by estimating reaction functions we will obtain a more
accurate picture of the response of the entire economy.

1t is difficult, however, to specify reaction functions that hold
across countries. The main reason is that the instruments of monetary
policy differ among countries. Therefore ;his aspect of the construction
of the overall model'will be left to the specification of particular

country models.

E. Endogenous Exchange Market Intervention in a Multi-Country Framework
Oné instrument of monetary poliéy that we shall treat as endogenous

is intervention in the foreign exchange market by central banks. Such

treatment will involve the specification and estimafion of an intervention

function designed to explain the purchase and sale of foreign exchange.

Ous objective here is'not to describe the particular functional form

and specific set of explanatory variables for such an intervention function;

this will be done at a later stage of our work. Rather, we wish to explore

some of the problems associated with constructing a set of consistent

inferveﬁtion functions.
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In Section III.C of our Summary Paper we argued that exchange market
. intervention by a central bank.will appear not only in its balance of
payments but in another country's external account as well. This reflects
the fact that the purchase (sale) of a foreign asset by one central bank
necessarily gets recorded on the books of some other central bank. When
intervention is treated as exogenous in making simulations and forecasts
outside the sample period, one must specify the currency composition of
this intervention: if, for example, the Federal Reserve intervenes in
deutsche marks, ;ne must make sure that this transaction- is included in
the German as well as the U.S. balance of payments. When, however, inter-
vention is explained in terms of other variables within the model by means
i of functional relationships, it is necessary to specify these functions
such that the purcﬁése or sale of foréign=exchange which they generate
gets reflected in the balance of payments of two countries.

We shall demonstrate this point by means of a simple example. Our
poin; of departure‘is the discussion 6f central bank intervention in
Section III.C of our Summary Paper. There we noted that to take account
of official intervention it is necessary to distinguish between liabilities
to private holders and those to official holders, since the latter generally

. . . 1 . .l . . e . .
reflect intervention behavior. This distinction between liabilities is

incorporated into the definition of the official settlements balance (0SB),

. We use the qualifier '"generally" hecause the measured change in
liabilities to official holders does not always represent intervention
behavior as understood here, i.e., as the purchase and sale of foreign
assets for the express purpose of influencing exchange rates. For example,
the increase in U.S. liabilities to OPEC countries is mot motivated by

.. the desire to influence exchange rates.
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vhich for country i is equal to:

(28) 0SB, = DNFA, - DLO, ‘ J
where:
D = mnemonic for "A" or first difference
DNFA = change in net foreign assets of the central bank
DLO = change in liabilities to official foreign holders.

The change in net foreign claims of the central bank can be broken down

into two components:

(29) DNFA, = DNOA, + DCO,
i i i

where:

DNOA = changé in net outside reserve assets; primarily change in
gold, SDRs (exclusive of those allocated during the current
perioﬁ), and in the country's IMZ position

'DCO = change in holdings.of convertible foreign currencies.
Combining equations (28) and (29) gives:

(30) O0SsB, =

DNOA. + DCO. - DLO,
i i i i

Since for the world as a whole the balance of payments (with no change
in' outside reserve assets) is identicaliy zero, for our model involving

five countries and the rest-of-the-world region we have:

6
(31) I, 0SB,

been converted to a common numeraire currency. There are in addition

H

6
0 Eiél (DNOAi + DCOi - DLOi), where all magnitudes have

separate identities relating changes in outside reserve assets and cur-

rency claims and liabilities:

6 6 ,
(32) I, DNoA = 0 => DNOA, =3§1 DNOA,
J#i
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(33) iél DCOi =i£l DLOi = Q= DLOi.‘jEI DCOj
| i
These three identities highlight the fact that in a multi-country model

reserve changes in one country are necessarily reflected in reserve

changes in one or more other countries.
To simplify our discussion of intervention behavior we shall make
two assumptions: 1) changes in net outside reserve assets (DNOA) are

zero and 2) changes in official currency claims and liabilities of the

rest of the world are excluded from the analysis. The first assumption

reduces the complexity of the intervention functions without changing their

essentials; 'the second reflects our decision to treat the exchange rate
of the rest of the world as éxogenous and to determine ROW intervention
as a residual from the U.S. balande—of-payment equation.

To derive for purposes of illustration.an intervention function that
has the properties we desire, we assume that central banks pursue a
smoothing strategy with respect to individpal currencies. Specifically,
we assume that a central bank purchases or sells a particular currency
in proportion to the percentage change in the bilateral exchange rate
of that currency:

(34) DCO:.L:i = %55 ln[Rij / Rij (-1)1] %5 <0

where DCO 13 = change in currency claims by the ith central bank on country

J. If [Rij - Rij (-1]> Q, the ith currency is depreciating relative to
the jth currency, which will activate sales of the jth currency and pur-

chases of its own currency by the central bank in country i, i.e.,

DCOiJ. <0.
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Eqﬁation (34) can he used to explain intervention by all central

- banks whplpgrchase or sell the currency of country i. This central bank

intervention (CBI) is equal to:

(35) cBI, = DCO; - DLO,

5 S
= j§1 DCOij .jgl DCOji

J#i J#H
If data on central bank intérvention by currency are available, then in
principle one could estimate the individual bilateral intervention func-
tions given by (34). In each country's balance of payments there would
appear a total of eight intervention functioas: four describing the inter-
vention behavior of the central bank of that country and the remaining
four describing how the central banks of the other four countries inter-
vene in the currency of that country. With inter?ention data by currency
one can in fact use different functional forms for the intervention func-
tions, since there is no need to aggregaﬁe these functions:

In either case, whether one uses the same or different functional
form, the point is that the disaggregated intervention functions must
enter two balance-of-payments equatiors. This ensufeé that a change in
an argument of an intervention function —-in.the simple case of (34)
the only argument is a bilateral exchange rate --will affect two balance-
of -payments equations by an equal and spposite amount. This can.be
demonstrated by using (34) to substitute for DCOij in (35) and wriéigg
out CBI for countries i and j:

5 | 5 |
@36) CBIi =j£l qij ln[Rij/Rij(rl)] -j£1 qji ln[Rji/Rji(-l)]
I 3

s
-’gi g 1Ry /RG DT+ F) oy IalRy R (1]
ri 3#1

P et . G g - p—_- -
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2 DT -2 e InlR, /R (-D)]
37 CBI, =.I, a5y ln[Rji/Rji(-l)] -1 %5 n[Rij ]
' j#i j#i
5 .
= 'j-z‘=1°‘ji ln[Rij/Rij (-1)] 'j§1°‘ij 1n[Rij/Rij( 1]
JFi j#i

Prom (36) and (37) it is clear that:

(38) 9 CBI, o a cBI.

= a,.+a,,=- ; .
aln[Rij/Rij(-l)] ij ji | aln[Rij/Rij(-l)]

On the other hand, if data by currency of intervention are not
available, then it will not be possible to estimate bilateral interven-
tion funétioﬁs, and therefore. such functions cannot be entered individually
into balance-of-payments equations. We have, however, chosen an inter-
vention function that can be easily aggregated. Total intervention by
country i; DCOi, énd total intervention'by other countries in the ith
CUrTency, DLOi, can be explained by aggregating the bilateral interven-
tion functions, DCO

. To explain CBI, we now need two equations rather

ij i
than eight; but these two equations have exactly the same form as (36)
and (37), since they are simpiy linear combinations ©f the same bilateral
‘functions. It therefore follows that these aggregate intervention func-
tions preserve the comsistency property descriBed by (38).

Given the specificétion of the underlying'incerveﬁtion
function DCOij’ one can go a step further and aggregate DCOi:and DLOi.
One then ends up with one equation explaining total interventiom in

currency {i:

5
(39) CBIi = DCOi --DLOi = jél (aij + aji) in [Rij/Rij(—l)].
. jfi :




- — et

36

The equation for CBIj is given by:

5
(40) csxj = DCOJ - DLOj = - ‘ﬁi(qji + qij) m[aijln -1)]

Equations (39) and (40) also have the property described by (38), namely,

ij

that a change in an exchange rate has an equal and opposite effect in
two balance-of-payments equations, since CBIi enters the balance-of-
payments equation of couﬁtry i and CBIj enters the corfesponding
equation of country j.

In practice, the bilateral intervention_functions that will form
Fhe besis forvaggregete functions will probably not have the simple forg
of (34). There may, therefore be difficulties in aggregeting these

functions to obtain equations explaining both DCOi and DLOi. Such

aggregation will most likely be necessary because bilateral intervention

data is not very good.
In the event that we have dlfferent intervention functions for the
countrles in ou; model, it wlll nevertheless be desirable to ensure that
the consistency property described by (38) holds. To do this it will be
necessary to include as arguments in thc function explaining the aggregate
DLOi those variables appearlng in the DCOj

th
purchases or sales of the i currency. In actual estlmarlon it may also

functlons, j#i, that generate

- be necessary to impose constraints on the coefficients of the regression

equations.




