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A Model of Arbitrage.and Short-term
_Capital Flows *

Introduction

Existing empirical work dealing with short-term capital move-
ments in an adjustable peg exchange rate regime suffers from
insufficient attention to exchange risk as a determinant of the
timing and direction of short-term capital flows. Theoretical work
on monetary policy in an open economy has highlighted the importance
of the degree of capital mobility in determining the extent to which
international flows of funds respond to divergent national monetary
- and fiscal policies. We conjecture that the dominant determinant of
capital mobility, even in a narrow band exchange rate regime, is the
risk of exchange rate changes. Following this conjecture we develop
a model in which foreign bonds covered against exchange risk are
perfect substitutes for domestic bonds, while uncovered foreign bonds
are not good substitutes for domestic bonds.

These assumptions are incorporated into an integrated model
of exchange rate determination and short-term capital flows. The
exchange rate regime investigated is a fixed rate system with narrow
intervention bands, that is subject to occasional discrete parity changes.
In such a system it is assumed that the current account and long-term
capital. account in the balance of payments are determined by factors
other than exchange rate fluctuations allowed within the narrow bands.
The private short-term capital account and the intervention policies

of central banks are sensitive to exchange rate changes.

*I would like to thank my colleagues in the International Finance Division
for their help in preparing this study. Jeff Shafer's assistance and free
exchange of ideas were particularly helpful. Bob Bradshaw, Lance Girton,
Dale Henderson, Peter Isard, and Ralph Smith read part or all of various

drafts. Terry Coble performed the calculations. Remaining errors, as
well as opinions expressed, are my own.
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In éddition td ahalysis of recorded items in the balance of
payments we investigate the importance of unrecorded transactions in
a model of short-term capital flows. The unrecorded transactions
considered are contractural trade obligations, forward exchange
positions, and unrecorded capital flows. It is shown that each of
these transactions presents a measurement problem which materially
affects the interpretation of any model of the short-term capital
account.

Existing empirical work on financial capital flows generally
follow two divergent methodologies. Stock adjustment models, typified
by Branson's work, [jlj'assume that what Aliber 13;7 calls political
risk is an important determinant of the degree ol substitutability
among bonds issued in different countries. In such models, a change
in the desired stock foreign assets depends upon changes in interest
differentials, changes in wealth, and changes in risk parameters.
Risk here is not exchange risk, but risk of default or oi exchange
controls peculiar to various countries, and is generally assumed
constant. In order to measure the changes in desired stocks of foreign
assets and liabilities due to changes in these determinants, it is
assumed that the adjustment is spread over several time periods, so
that a change in the interest differential or in wealth does not lead
to full stock adjustment within a measured time period. Thus dis-
equilibrium interest differentials are observable, and distributed

lags of changes in interest differentials or changes in wealth give

information about capital flows.
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In a recent paper Kouri and Porter [}i? have criticized this
approach. Their contention is that given a change in the monetary
base of a small open ecoﬂomy,,capital flows will occur very quickly
in order to satisfy a new stock portfolio equilibrium. In Kouri
and Porter's view, changes in interest differentials in quarterly or
monthly data reflect changes in equilibrium interest rates consistent
with changing stocks of assets. Thus a change in the domestic part
of the monetary base does not generate observed disequilibrium interest

‘rates, but does generate an equivalent offsetting capital flow within
the measured time period.

In this paper we test a quite different model. If we control
for the effect of exchange risk as a deterrent to capital flows, then
we expect that portfolio adjustment will occur very rapidly, since
except for exchange risk,domestic and foreign bonds are perfect
substitutes. But even in normal times exchange risk cannot be ignored.
In order to explain capital flows it is necessary to first understand
the factors which influence the supply of forward cover to those who
wish to take advantage of interest differentials. Our hypothesis is
that the timing of a stock portfolio adjustment which Kouri and Porter
have assumed takes place very quickly, and which Branson assumes
depends on an adaptive process, depends in large part on expectations
concerning changes in exchange rates. In our model uncovered capital
flows are assumed to follow a stock adjustment process. But we find

the reasons for including lagged explanatory variables unpersuasive.
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In our view lagged variables such as trade balance or changes "in inter:
‘ egt rates are important not . because people adjust théir portfolios
-glowly, but because changes in these variables affect expectations
sbout changes in exchange rates, and thus desired speculative positions.
Ve therefore assume that the uncovered part of portfolios are adjusted
within the measured time period, which in our model is one month.
since exchange risk makes uncovered foreign bonds poor substitutes
for domestic bonds, changes in the domestic part of the monetary base
are not fully offset by uncovered capital flows. Thus foreign and
domestic interest rates can diverge, and a change in the differential
will be associated with an uncovered capital flow within a month.
Covered foreign bonds,however, are assumed perfect substitutes
for domestic bonds. Thus the covered differential will not be bid
away from the familiar interest parity condition.l/ But in this
case the capital’flow necessary to maintain interest parity in the
face of a domestic open market operation is not the one necessary to
keep foreign and domestic interest rates equal, but the one necessary
to change the forward exchange premium 80 that it offsets the change
in the uncovered interest rate differential. Thus we encounter a
simultaneity problem for covered capital flows. That is,the covered
capital flow is motivated by opportunities for covered arbitrage,

but the arbitrage itself influences the level of the covered differential.

1/ 1t is argued below that errors in measurement account for
divergences from interest parity that seem to appear in the
data.
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It is necessary therefore to identify shifts in the demand and

supply curves for covered foreign claims and liabilities which would
tend to generate a covered interest differential in the absence of
simultaneous stock adjustments. This necessitates the development
of a model of exchange rate determination. It also implies that a
model of capital flows must include variables which explain how much,
and in what form, market participants trade exchange risk.

In order to introduce the problem, in the next section a very
simple model of exchange rate determination and covered capital flows
is developed. The effect of changes in exchange exposure of commer-
cial traders is used as an example of a variable which shifts the
demand curves for covered foreign claims and liabilities. This

simple model is then expanded, and finally yields a testable hypothesis.



CH/RT I

A Sequential Analysis of Zxchange liarkets
Uncovered Exporc
Row Time Trade Contracts Trade Deliveries| Covered Flows |Uncovered Flows|Spot Dollars | Forward Dollar
(Net) (Net) (Net) (Net)
1) to Surplus 0 0 0 0 Excess Demand
|
(2) to Surplus 0 0 0 Excess Demand| Excess Deman
« (3) no 0 0 Inflow Outflow 0 0
A
[}
) nw 0 Surplus Outflow 0 0 0
(5) . t Surplus 0 0 0 0 Excess Deman
{6) nu. Surplus 0 Inflow Qutilow 0 0
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Trade Flows and Covered Capital Movements

The first approximation to a model of excHange marketd will
fmagine a world in which all trade and short-term capital flows atre
covered against exchange risk. Speculators may be active in spot and
forward markets but do not, as a group, create any excess demands or
supplies in any exchange market.2! We shall call country A's
currency dollars; foreign exchange for A is called marka.gj

Assume initially that couatry A has for a long time had a
trade balance and no net short- or long-term capital flows. Now in
time t assume that some exogenous shock generates an increase in
export contracts with no change in import contracts. Further assume
that all contracts entered into at time tO will result in payment
and delivery of goods in t;, where t; is 90 dayé after to. In row
(1) Chart I tgis jnitial situation is depicted. The initial market
disturbance is in the forward market, since by assumption A's
ekporters will attempt to purchase a greater quantity of forward

4
dollars than A's importers are supplying in td‘{ The initial effect

2/ These assumptions will be dropped later; at this point we wish to
emphasize the difference between interest arbitrage and uncovered
capital flows which are motivated by interest differentials with
expectations about exchange rate changes held constant.

3/ Ve will assume that all trade contracts are denominated in marks.
This does not affect the analysis but eases the exposition.

4/ Notice that the traders are not "financing' trade in the traditional
sense; they are trying to {nsure the exchange value of future
receipts. The exporter must of course finance production. But
as is argued below this is not the place to look for a relation
between international trade and international capital movements.
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then will be a rise in the forward price of dollars. Since there are
no speculators in the market, and trade payments are predetermined,

it follows that the forward price of dollars will rise relative to

the spot rate until interest arbitrage becomes profitable. Arbitragers
will attempt to sell sﬁot marks for spot dollars, jnvest the dollars
for 90 days, and sell the dollar proceeds forward for delivery in t,.
But the attempt to buy spot dollars will of course put upward pressure
on the spot rate. This leaves us in the situation depicted in Tow 2,
Chart I. There is now excess demand in either the spot oT forward
markets for dollars. Obviously arbitrage is not an equilibrating force.
The pressure on the spot rate will not in our model lead to any supply
response in the spot market; thus the spot and forward exchange rate
will tend to rise without limit.

In order to highlight the dual nature of the capital account
assume that, in face of the contractural trade surplus and the desired
covered capital inflow, the monetary authority buys domestic bonds in
an effort to lower domestic interest rates. Notice that, given our
assumptions, this will not eliminate the incentive for covered capital
{aflows. A reduction in the domestic interest rate will tend to
reduce (or make more negative) the uncovered interest differential in
favor of dollar assets But traders by assumption will bid up the
premium on forward dellarain m attempt to induce arbitragers to

purchase dollar assets and supply forward dollars.éj

5/ This assumption, which is different from many existing models,
will be defended in the mnext section.
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But the monetary authority's actions of reducing interest rates
might induce an uncovered capital outflow. Row 3, Chart I, shows
this situation. Notice that the conditional claim on forward marks
of traders is now offset by a conditional forward liability of
arbitragers, thus clearing the forward market. And the spot demand
for dollars of arbitragersis just offset by a spot supply of dollars
by uncovered capital traders. Another possibility, of course, is
that the monetary authority could intervene directly in the spot market
and supply dollsrs toarbitragers. This of course is an uncovered
official capital outflow which may or may not be associated with a
domestic open market operation. A third possibility is that an
uncovered flow might result from the imposition of some sort of capital
controls, which is equivalent to changing the implicit interest rate
on uncovered foreign claims.

An important question is whether or not the same contractural
trade surplus in the next time period will require an additional short-
term capital inflow.. Ve shall see that it does not; only a change in

‘the trade balance will require additional short-term capital flows.

In tl assume that the surplus contracted for in tg is realized
and payment is made. It will be convenienr to first clean up the
transactions made in tj which will occur in tl. Ian row (4), Chart I,
we see that traders who had sold their mark receipts forward in tg,
will be paid the marks in ty and will deliver them to fulfill the

forward contract. The arbitragers will sell their dollar assets and
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transfer the proceeds to the traders. Since the surplus of trade
deliveries is offset by an outflow of short-term capital, and the
. transfer is made of predetermined prices, neither of these actions
have a direct effect on exchange rates.
Now suppose the same trade surplus contracted for in tg
is again contracted for im t;. Row (5), Chart I, is identical to
row (1). But in this case the excess demand for forward marks by
traders will be met i{if arbitragers roll-over (maintain at the same
level) their arbitrage position; they need not be induced to increase
that position. This is shown in row 6, Chart I. Excess demand in the
spot market on the other hand must again be met by an uncovered capital
outflow or by official intervention in the spot market.

Spot and Forward Speculation and the Nature
of Interest Arbitrage

We have seen that the exchange risk generated by a trade
contract initially leads traders to bid up the forward rate, Arbitragers
might transfer the unbalanced position to the spot market if some

market participant is simultaneously seeking an open spot position.

it is equally possible that traders could initially seek cover

by bidding for spot foreign exchange. In this case traders could hold a
spot position to offset their contractural risk. Arbitragers in this
case might transfer this excess demand for spot exchange to the forward

market if some other market participant preferred an open forward position.
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which will happen seems & good deal less determinant than the traditional
litetature suggests. The common assumption is that a1l speculation
takes place in the forward market," since a given amount of speculative
caéital can be highly levered in this market. Further, traders are

- assumed to cover only in the forward market. These assumptions have a
reputable background but suggest some disturbing analogies. -First,

no arbitrage flows will -ever take place unless trade is sensitive

to changes in the spot rate or central banks intervene fn the spot
market. Arbitragers will bid for spot funds as the forward rate is

bid up or down, but there will be no takers in the spot market unless
either the central bank or some speculator decides to take an open

spot position. Second, an analogous assumption in other markets

would lead us to believe that all stock market speculators buy or sell
short rather than taking spot positions. This violates easily observ-
able facts. In foreign exchange markets the facts are not obvious
simply because no observable market exists where we can get an idea
about typical speculative portfolios.

The problem with statements about "leverage" is that they give
no information about which market is most advantageous for a given
agent to obtain leverage. In fact, any agent who has any liability
on his balance sheet 1is levering his net worth in order to acquire
assets. In foreign exchange markets a speculator or trader will
consider the possibility of borrowing funds, for example in the

commercial paper market, and buying spot foreign exchange rather than
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puying forward exchange. I1f he does this the cost of covering exchange
risk is the difference between his borrowing rate and what he can earn
on a foreign currency assete Or the trader OT speculator can pay for
avoiding exchange risk by paying the currently quoted forward premium.
Exchange traders tell us that the trader or speculator will always
choose the forward rate. This follows if the difference pbetween the
opportunity or borrowing costs of the foreign exchange pank and the
rate which the bank can earn on foreign assets is smaller than the

spread for anyone else in the economy. Any speculator or trader who

has that combination of borrowing cost gnd investment opportunity which
is narrovwer than that reflected by the market forward rate should in
fact buy spot foreign exchange and invest it until it is needed to

make payment.

s B W LHAR LT L .

One gets the feeling that someone 1is getting something for
pothing in this model. The trader who bids for a gorward exchange
contract from a commercial bank is promising to deliver one currency
¢ for another in g0 days. Om this basis the bank, in order to cover
jtself, has to make an offsetting agreement with some other market
participant. Now if the exchange rate moves in such a way as to
injure the trader, the bank must expect that the trader may not be
able to meet its forward contract obligation. The bank therefore
should, and generally does, consider the credit-worthiness of the
trading firm when deciding the conditions under which it will offer the

firm a forward contract.
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This calculation {5 exactly the same calculation the bank would
have to make if the trader requested a loan in order to allow him to
cover his open position by purchasing spot foreign exchange. To make
them exactly equivalent, we could assume that the foreign exchange
assets purchased by the firm are offered as security for the bank
loan. At the end of the 90-day period the firm would sell its foreign
exchange assets and repay the bank loan. Again the bank would have to
consider the overall financial position of the firm in deciding under
what terms it would make the secured loan.

The forward exchange market then is not an added source of
leverage for the trading firm. Rather it represents a convenient
collapsing of negotiations into one transaction between the bank and
the firm. There is no free lunch which attracts all market participants
to the forward market. At the margin the forward premium represents
the price at which some market participants will be indifferent between
spot and forward speculation. The decision of a given firm to cover or
speculate spot or forward might be influenced by a number of second
order effects.

First, some individuals may find that they must make frequent
foreign currency payments. Faced with uncertainty about when they
will need foreign exchange it might be rational to hold a working
balance in spot foreign exchange and replenish this balance when the
spot rate appears favorable. Attempting to synchronize forward con-

tracts with payments needs might iavolve prohibitive transactions costs.
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Second, large transactors might find the forward market too
thin to accommodate their needs of a fixed price. Such transactors
might find that buying spot exchange at the market price and storing
it until needed is less costly than buying forward exchange or
waiting until the day when a large spot purchase 1is required.

Some multi-national corporations might find that within some
range they are indifferent to the currency composition of their
working balances. These spot balances might be switched into strong
currencies directly, rather than adjusting their exposure through
forward contracts.

Finally, an important factor might be the type of exchange
controls in force. These controls are most effective against the type
of portfolio investments that a commercial bank would make in the
process of -arbitrage. If commercial banks cannot earn interest on
portfolio investments in a given currency then the interest parity
forward premium will be substantial, reflecting the difference between
the opportunity costs of the bank on domestic assets and a zero rate of
return on foreign currency assets. A trading firm, on the other hand,
may be in a better position to beat the exchange controls since most
authorities have tried to disrupt the business of "legitimate" foreign
trade as little as possible. Thus the trading firm, when faced with a
substantial forward premium, may well find it optimal to buy spot
exchange and invest it in a foreign currency asset which is not avail-

able to commercial bank arbitragers.

[ T STy
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To these we could add other secondary factors. Some market
participants apparently are excluded from the commercial bank forward
market because banks consider “speculators" bad risks or unpatriotic.
These individuals will speculate in the spot market. These participants
face a market imperfection which might make spot speculation preferable.

In any case, it seems likely that the very narrow reasons
given in traditional models for why speculators operate only in the

forward market may not in fact hold. As a theoretical construct

the assumption that all speculation is forward speculation i{s oot

g R

objectionable. But, as ve will show below, this theoretically useful

assumption may generate jncorrect inferences from empirical evidence.

Arbitrage and Short-term Capital Flows
Essentially we view spot and forward exchange markets as two
parkets for the same good. The markets are separated by storage and

transactions costs. In the diagram below the two markets are initially

jsolated from one another. In each market 3 price and quantity are

determined. Now arbitragers are told that they can buy or sell in
either market. The only constraint is that they must pay a positive
storage cost to get the goods from pmarket 1 to market 1I. The
arbitrager will buy in market 1, pushing the demand curve in market I
to the right, and sell in market II, pushing the supply curve tight,
until the difference P2—P1 just equals the storage costs. 1f we call
market I the spot market for dollars and market 1Ithe forward market

for dollars, and call the transport costs the interest differential
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between marks and dollars, then arbitrage is the difference between
Q; and Q;'. Notice that the amount of arbitrage, Qy-Qy, depends
upon the elasticity of supply of spot speculation} that is, the move-
ment along Sl' as compared to the elasticity of demand for forward
speculative positions.

The difference between P1 and Py might reflect, in addition
to the interest rate, the fact that spot and forward dollars are not
the same goods. Thus as Q]_'-Q1 grows, arbitragers might demand a
price differential greater than that implied by the interest rate.
This is, of course, the slope of the arbitrage schedule with respect
to the implicit (interest ad justed) premium on forward dollars.

1f a stable relation between the implicit premium and the
volume of arbitrage existed, one could simply estimate the volume
of arbitrage flow as a function of the implicit premium. If this
is not a stable relationm, oOT if the arbitrage schedule is perfectly
elastic, then one can try to estimate arbitrage flows by regressing

them against variables which shift one of the four curves in markets

1 and II.
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For example, we have argued that a change in the contractural

trade surplus for the U.S. will shift D, to the right to D',
Dl. Dz' S S ]
Dy . Dy . .2 2

DM/ $ Di/$

Spot Dollars Forward Dollars

Arbitragers will then buy spot pushing D1 to Dl' and sell forward

ushing S, to S,'. Given the elasticities of the curves as drawn
p 2 2

here,we should observe an arbitrage inflow to the U.S. of Ql"Ql'
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A Diagramatic Model of An Adjustable Peg System

In order to be relevant for empirical work the simple demand
supply analysis of arbitrage has to be modified to fit the adjustable
peg system as it existed uantil very recently. The primary complica-
tion is government intervention. The existence of intervention
limits considerably alters the simple demand and supply relations
for foreign exchange.

The existence of intervention limits makes the behavior of
private speculators particularly difficult to model. It will be
useful to break speculators into two conceptual groups, differentiated
by the degree of risk aversion and by the parameters which determine
the volume of activity of each group in exchange markets. One group
consists of traders who are assumed very risk averse in that they
will cover most of their foreign exchange receipts and expenditures
regardless of where within the band the exchange rate might be.

Their excess demand or supply for forward cover is effected parametrically
by the trade balance. The second group includes all other relatively
risk-neutral speculators. The primary difference between the two

groups, besides risk aversion, is that the size of the second group

is determined, not by the trade balance, but by the profitability of

the speculation business. In the next section we turn our attention

to the formation of expectations and a description of the activities

of this residual group of speculators as well as that of traders

and arbitragers.
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Non-trade Speculation

Speculative expectations are assumed to depend upon past pattern$8
of exchange rate changes as well as past and projected changes in other
variables such as the reserve position of the central bank defending
the exchange rate. In order to facilitate graphical exposition we
- assume that the expected future spot rate is at parity. If the spot
rate moves to an intervention limit, speculators must determine whether
or not the central bank can gsuccessfully defend the intervention limit.
That is, should they change their estimate of expected future spot rate ?
The rate of reserve accumulation or loss is an important parameter here.
1f speculators believe that the central bamk will be unable or unwilling
to defend the existing intervention limit, then the expected value for
the exchange rate lies outside the intervention limit.

The demand and supply curves in the forward market in Chart II
incorporate the above considerations. Within the bands speculation is
assumed stabilizing in the sense that at a point away from the expected
value (parity) speculators will on balance bet that the rate will move
toward parity.éj At rates near parity there is, however, considerable
room for disagreement, as long as the central bank is not directly
active in the market. Thus, at a point mid-way betwoen the par value
and the upper limit, there is an excess supply of forward dollars,
but the excess supply is small relative to the gross volume of

speculation. As the forward rate moves close to the upper limit,

6/ 1In the empirical work to folloy the expected future rate will not

be parity but will be the salution to an autoregressive expectations
mode 1.
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the expectation that the central bank will not allow the rate to rise
further will move a larger share of the speculative bets to the excess
supply category. At the upper limit pnearly all speculators will be
petting that the rate will fall or at least go no higher. Notice here
that the speculative game offers no extraordinary profits as long as
the central bank is very likely to defend the upper limit. Thus the
speculative excess demand curve vsE, intersects the intervention
limits and becomes perfectly inelastic at the limits since no new
capital 1is attracted to the speculative game. The shape and position
of this curve is independent of the trade balance.

1f speculators decide on balance that the intervention limit
will not be successfully defended, the forward exchange rate loses
much of its significance. Speculators could take positions in the
forward market, but this remains a fair game as long as the authorities
do‘not intervene in the forward market. 1f everyone in the market has
about the same ijnformation, the forward rate will move far outside
the intervention limits cutting off any extraordinary profits. But
there is a better game in town, .an unfair game, in which speculators
have the edge. The speculator can shift to the spot exchange market
where the central bank is maintaining a pegged exchange rate. The
often heard, and widely misinterpreted, statement that forward
markets ''dry up' during a speculative episode says nothing about the
nature of forward markets themselves; it merely is another way of
saying that when central banks are intervening in the spot market

there is a better game to play.
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Taking the extreme view that there js no net speculation in

the forward market when the forward rate moves outside the bands, the
demand and supply curves in the forward market discontinue at the upper
and lower intervention limits .as shown jn Chart IL.
Trade

1f we assume that all trade is covered, then the behavior of
traders in the forward market can be treated as parametric shifts in
the curves already drawn for pure speculators. More realisitically,
we assume that some traders behave in the same way as other speculators
and some do not. Thus the slope of the demand and supply of forward
exchange depends upon both traderd and speculators‘reSponse to
changes in the exchange rate. But the position of the curves is
shifted when the trade balance changes, since some traders are

assumed to always seek cover at any exchange rate within the band.l/

1/ This specificatiou of traders' behavior is contrary to views such
as the following offered by Vhite 197.

The new element in the foreign exchange market, which made
necessary a revision of previous opinion, was the restoration

of conriidence in the maintenance of the official parities:

importers and exporters -- who have probably been the chief users
of forward exchange contracts -- became confident in 1959 that,

for example, the dollar price of the pound sterling would not

move (within the next three months) outside the legal limits of
$2.78 and $2.82. At the upper 1imit of $2.82, the U.S. importer
could never gain by covering forward, and he probably would lose;
at this price,therefore,his demand for forward pounds would be zero.

The frequency in parity changes since the introduction of "certainty"
{n 1959 implies at any point in time a non-zero probability that the
legal limits will be breached. There must be some level of risk aver-
sion on the part of some traders which will insure that even a very
small probability of a large exchange loss due to a parity change
will lead them to seelk cover in the forward exchange market.
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Arbitrage

No arbitrage schedule is drawn on this axis, since arbitrage
{8 not a function of either exchange rate, but rather the difference
between the exchange rates generated inm the two markets. Ve will
assume that the interest parity condition holds continuously; that
18, covered foreign bonds are perfect substitutes for domestic bonds.
For any given spot rate then, the forward arbitrage excess demand
is the negative of the IS + ZT curve. In the spot market it is the

game as the 2 S + ¥ T curve.

An Algebraic Description of a liodel of an Adjusted Peg Exchange Rate

System: Normal Period

Normal periods will be identified in the emnirical work to
follow as those time periods in which the forward exchange rate is
within the intervention bands.

Forward liarket

R AT £ BN i » n SRR i AP

M s = SF (RF-R¥)
F F r

(2) T, = (1-yY) o TBU+1 + (1=¢) TByy4yS (RY =R¥*)

(2a) TF = (1=Y) @ TBeyy
Equation (1) states that the excess demand for forward speculative
positions in period t, SE, is a function, SF, of the divergence
between the current forward exchange rate. RF, and the expected future
spot exchange rate R¥.

Equation (2) states that the excess demand for forward exchange
by traders in period t is equal to some comstant, ¢, of the contractural
trade balance in period t. The uncovered portion of the contractural

trade balance, (l-)TB, is a change in a speculative position. For
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gimplicity we assume that such decisions are the same as for changes
in speculative positions unrelated to trade. In (2a), therefore, we
{nclude only those traders who always cover either spot or forward,
and subsume trader-speculators in equation (1). The (1-Y) parameter
{s the share of trade which is covered in the forward market. The
time dimension of TB reflects the fact that trade contracts do not
ghow up as recorded trade flows until some subsequent time period.
Spot Market

(3) s? =85 (R®-R¥)

(4) Tg =Y TB

(5) LIC{= LIC,

(6) STCE= C(iy-1,)

() ¢ = [s2 + 1% + LTC§ + STCY) 1f RUL <R® or R®<RLE

= G, 1£ RUL 5R® »R""

Equation (3) states that Sg, the excess demand for spot specula-
tion, is a different function of the same expected exchange rate,
R*, and the current spot rate, RS,

Equation (4) states that the excess demand for traders' spot
positions, Ti, is equal to the share of trade covered, o TB, times
the share covered in the spot market, Y;

Equation (5) states that the excess demand for spot speculative
positions due to long-term capital flows is equal to the exogenously

determined change in the stock of net long-term liabilities to foreigners.

,,,,,
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Equation (6) states that some part of the change in short-term
liabilities to foreigners, are uncovered, and are a function of the
change in the difference betweeq "the'" domestic interest rate, 1D’
and the world interest rate, iw'

Equation (7) states that official excess demand in the spot
market Gz is the negative of all other excess demands in the spot

market if the spot exchange rate is of the lower intervention limit,
RLL, or the upper intervention limit, RUL, or it is equal to exogenously
% determined level,'E, if the exchange rate is not at a limit,
Identities

0

@) AF +sF +1F
@) a5 +s5+1 +1rc® +65+sC'® =0

(10) S = - AF

Substituting -5 for AF and solving for AS we have:

(11) 285 = SF@F-R#%) - SS@S-R%) - (1-2V)e TByy - LTCS - 6 = Clig-1,)

We assume that sF and Ss are not the same functions. That is,
speculators have preferences for either spot or forward speculative
positions when RF and RS are at interest parity. Even though, at the
margin, arbitrage will insure that spot positions and forward positions
are equivalent in terms of interest rate yields, speculators for secondary
reasons have preferences for either spot or forward open positions. If,
for some reason, RF were to move away from interest parity, then we

would expect speculators to move into one market.oxr “the other.
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We will assume, however, that interest parity always holds in "normal"
periods, since arbitragers are willing to substitute covered foreign
bonds for domestic bonds at 2 small fixed covered premium. In these
circumstances R?-RS simply reflects an exogenously determined interest
differential; Speculatorﬁ then can look at either the spot rate or
the forward rate when determining their total speculative position.
The allocation of this total speculative position between spot and
forward speculation depends on secondary effects mentioned in the
preceding gsection. In (12) we substitute the interest parity forward
exchange rate, RI, for RF and RS in the sF and SS functions in

equation (11).

a2y 288 = @R - 5° @®IR%) - (1-2Y) By - 1S - clipmiy)

In order to get an {ntuitive feeling for (12), assume that speculative

responses to changes in (RI-R*) are evenly divided between spot and

forward speculative positions, sO that SF = s, Then (12) becomes:

S

13y 285 = - (1-2V)e TBeyy ¥ LrcS + 68 + clipiy)

Suppose there is a long-term capital inflow which shifts the

exceas demand curve for spot marks to the right by an amount ab from

z to z'

' DM/$ y v DM/$
Rsi \,

Spot Market

Forward Market
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This will force RS up to Rs'-and thus RF to an implicit discount.
Arbitragers will sell spot, shifting z' to the left to z'' and buy
forward, shifting Y to the right to Y', until the implicit discount
disappears. Since z and y have the same slope by assumption, the long-

term capital inflow of ab will result in a negative excess demand for

- gpot arbitrage equal to cb, uheie cbh = 9—‘2]1 .

Now suppose preferences changed so that SS = ZSF. Again a

] ]
z 2" z DM/$ RN DE/$

rs']

RS -
N
a C
Spot Market Forward Market

long-term capital inflow equal to ab shifts z to z'. Again RS is
forced up creating an implicit discount. Arbitragers sell spot and
buy forward until the implicit discount disappears. But in this case
the arbitrage cb = 2/3 ab, As long as sS {s not the zero function, a
long-term capital inflow will generate an arbitrage inflow.
A change in the contractural trade balance, measured by a

change in trade flows jn t + i, will generate an arbitrage flow if Y
is not equal to Ss/(SF+SS); Notice that the sign arbitrage flow can
change as Y, the share of trade cover sought in the spot market, varies
from zero to one; The usual assumption {s that traders always cover
forward, or that Y = 0; 1f so, our model shows that an increase in

the trade surptus will generate an arbitrage inflow.
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A change in the interest differential (1D-1w) has an indirect
effect on arbitrage flows. First we have argued that the speculative

functions sF and sS are not influenced by changes in the interest

parity spread between RS end RF. Given a change in the interest
differential, arbitragers will bid so that the two exchange rates
change, but no other excess demand in either the spot or the forward
market will be generated by this type of change in the exchange rates.
But the change in the interest rate will have some direct effect on

the demand for spot exchange not caused by the change in the spot
exchange rate necessary to re-egtablish interest parity. This is due
to the change in the interest rate compensation for taking open spot
positions. While uncovered foreign bonds are assumed not good substitutes
for similar domestic bonds, they are substitutes, and a change in their:
prices due to changes in national interest rates will cause some

uncovered capital flow., This has an effect on arbitrage flows essentially

EREeT. Y

the same as that of shifts in the z function due to official inter-
vention or long-term capital inflows, which are assumed not sensitive

to interest differentials,

An Algebraic Description of a Hodel‘of.an,Adlustable Peg Exchange

Rl

Rate System: Sgeculative Period

We have hypothesized that speculative expectations are bimodel.
The model value of the expected exchange rate {s within the band or well
outside the band due to expectations of a discrete parity change. Our

hypothesis is that the probability attached to these two model values
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is subject to very large variations over short time periods. Further,
economic theory cannot tell us when this change in probahilities will
occur. This depends on private views of central bank behavior which
gre not ptedictable. we therefore will use an observed variable to
tell us after the fact when private market patticipants attached a
high probability to R¥*, the predicted future spot rate if a parity
change occurs.

The observed variable is the forward rate when it is outside
the intervention limits.gj 1f the forward rate moves outside the
1imits, a weak assumption is that the excess demand for forward exchange
by those who expect R*k to occur jig greater than the excess supply
of those who expect some R* to occur. We will use as & working hypoth-
ebis a strounger assumption that when the forward rate is observed to
be outside the limits all private market participants expect that R**
will occur.

Under these conditions the forward rate will be bid toward
Rk, while the spot rate is constrained from moving outside the inter-
veation limits by central bank jntervention. The gF function still
exists, but since the jnterest parity condition is violated, all
speculators will prefer spot speculation. Traders for the same
reason will cover in the spot market. In the forward market then

all excess demands are Zero.

8/ See Leamer and Stern ;?;7 for a discussion of this agsumption.
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In the spot market we have:

ay s = SSES-R)

asy T = 15 (RS -R*)

(e) Lrc® = LIC

(17) st = c(ip-1)

(as) 6 = -(s® + 15 + LIC + STC")

Equations (14) and (15) state that both traders® and speculators'
excess demand for open spot positioms are functions of the difference
between the current spot exchange rate, R?, and the expected future
rate, R¥*, when R** is outside the intervention 1imits. Equations
(16) and (17) are the same as in non-speculative periods, although
their quantitative importance is probably gwamped during speculative
periods. Finally, (18) states that government excess demand in the
spot market is equal to the negative of all other excess demands.

Since there are no excess demands in the forward market to be

transformed through arbitrage to the spot market, there is no

arbitrage during & speculative period.

Arbitrage and Recorded Short-Term Capital Flows

- The dependent varidblé:idr(IZ), AS, includes only short-
term capital flows which are a result of interest arbitrage. We
have emphasized the role of arbitrage in short-term capital flows
but certainly available data on short-term capital flows also include
changes in spot speculative positions which are not the result of

interest arbitrage.
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For exampie, we have shown above that if v, the part of a

i contractural trade balance covered in the spot market, is equal to
i?ssl(sF + Ss), then no arbitrage is generated by a change in the

E contractural trade balance. But the spot position taken directly by

; traders and speculators might be recorded as a short-term capital flow.
3 In fact, regardless of whether traders initially seek cover in the spot
i or forward markets, the sum of the direct effect on sS and TS, and

the arbitrage effect, will be the same. In general, any change in the
demand or supply for spot or forward exchange will generate the same
change in speculative spot positions, regardless of the market in
which the change in excess demand is initially registered. In the
empirical work to follow we will see that interpretation of recorded
short-term capital flows depends critically on whether or not a given
statistical aggregate represents arbitrage positions, speculative

spot positions, or gsome combination of the two.
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A Digression on Trade Flows and Implicit Premium
Calculations in Existing Models

Starting with Kenen's /4 ] work on short-term capital flows
{n the U.S. balance of payments trade variables have been included in
geveral empirical studies of capital flows, and have been found to be
a statistically significant variable in explaining capital flows,
particularly models of the U.S. capital account. A typical justifi-
cation for including trade variables can be found in Branson and Hill:
[3_] "several modifications of the basic portfolio stock-adjustment
equation ... must be made in order to apply it fo changes in U.S.
short-term claims on private foreigners, ... First, it is necessary
to recognize the trade credit nature of a large portion of U.S. short-
term lending. To account for this factor, we have added changes in
current and lagged merchandise exports (to the equation for short-term
claims on foreigners)." Branson recognizes that there is no logical
link in his model between trade and capital flows '"since claims.om -..
foreigners should depend on interest rates R at home and abroad,

just as would the increase in the effect on an increase in total

assets w." (Emphasis mine.) The scale variable, w, in Branson's
analysis is meant to capture the effect of an increase in the scale
of U.S. wealth, part of which might be allocated to acquiring claims
on foreigners. It is correct to say that an increase in exports from
New York to Boston,which results in an increase in U.S. wealth, will

have the same effect on the demand for claims on foreigners as a
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similar export from New York to Frankfurt. 1f so, there is no reason

to add trade variables to a model which has a wealth variable, and
certaihly no reason to believe that changes in the trade balance are

a good proxy for changes in U.S. wealth. The analysis in this paper

differentiates between foreign trade and domestic trade because one
necessarily generates exchange risk, while the other does not. The
exchange risk generated by international trade drives the model of
capital flows; there is no need to rely on relationships which are
incorrect "in theory."

Another argument for including trade variables has teen

offered by Willett [107.

"When we move from the comparative static exercise
of the changes between equilibrium positions, and
look at the dynamics of portfolio adjustment, we
find that the methods by which trade is financed
do take on importance since they will affect the
timing of private return flows. To the exporter
the I.0.U. of the importer and cash balances are
not perfect substitutes, Though for balance of
payments accounting purposes the exporter's hold-
ings of the importer's 1.0,U. is a short-term
claim, it cannot be repatriated (converted into
domestic currency) as easily. As a consequence
the exporter is in general constrained in his
ability to reduce this foreign held part of his
portfolio until final payment comes due, i.e.,
until his I1.0.U, is converted into a more liquid
asgset. Thus if incentives exist for repatriation
the timing though not the magnitude will be deter-
mined by the méthod by which exports are financed."

. g
R
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In a footnote, Willett recognizes that “of course discounting
is possible, but will have no effect on aggregate net private flows
unless undertaken with a party of another country.' But this is
exactly the point which is important. As shown in Table I, a signifi-
cant part of acceptances made by U.S. banks are held by non-residents.
A trade acceptance is a very 1iquid money-market instrument which
finds its way into foreign and domestic portfolios just as any other
financial claim does. The largest single category of acceptances
according to tramsaction for the survey dates were generated by third
country trade, while U.S. exports are, except in the 1964 data, the
least important. This data is only suggestive, since not all trade
finance takes the form of acceptances, but it does cast considerable
doubt on the proposition that exports affect in any direct way the
stock of claims on foreigners held by U.S. residents. Perhaps some
authors have failed to distinguish between accepting and discounting
bills; in fact for the survey dates shown only about one-third of
acceptances made were discounted by the accepting baunk.

Implicit Premiums and Speculation

The difficultyin obtaining a useful proxy for speculation
has plagued empirical work on capital flows. It is clear that
speculation concerning parity changes has the power to swamp all
other determinants of capital flows, but it is not clear what simple

indicator. might be used to measure the existence or the severity of



-32a-

Date

2728/71
2/29/68

5/31/64

Date

2/28/71
2/29/68

5/31/64

Source:

Total

6,984
4,266

3,049

Total

6,984
4,266

3,049

Press Release,

Table I: Bankers Dollar Acceptances - United States Banks
According to Transaction
Exports Imports Third Country Trade Other
1,520 2,618 2,621 225
1,029 1,091 1,979 © 167
941 576 1,426 106
According to Ownership
U.S. Banks Non-Residents
US Banks US Banks Total Off Banks Other Unallocated
Own bills Bills of Others
2406 783 2,529 425 2,055 48 1,266
1329 479 1,567 381 1,126 60 891
1105 313 917 434 443 41 714

Federal Reserve Bank of New York "Bankers Acceptances

- United States."
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speculative activity. Several authors have used variants of the
implicit forward premium or discount. This is the difference between
the interest parity forward rate and the observed forward rate.
A primary difficulty of this approach is that the implicit premium is
actually a measure of the elasticity of the interest arbitrage schedule
rather than a direct measure of speculation. We have argued, however,
that as long as thereare no expectations of a parity change, the
arbitrage schedule is perfectly elastic. 1f this is true, then
implicit premiums should never be observed unless the forward rate

has moved outside the intervention l1imits. In summarizing empirical
work of several authors in which interest parity conditions were
tested as determinants of forward exchange premia, Spraos [}E?

found that deviations from interest parity were quite small in models
which controlled for speculative episodes. Our guess is that the
remaining deviations of market forward rates from interest parity

are due to errors in variables.

Particularly important in this respect is the possibility

that the imposition of capital controls leads to consistent bias

in implicit premium calculations employed in existing studies.
Suppose, for example, that a relatively restrictive monetary policy,
along with expectations of an appreciating exchange rate, has generated
a capital inflow to Germany. In various ways the German authorities
will penalize these jnflows : through direct controls, reserve require-

ments on non-resident deposits of German banks, taxes, gentlemen's
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agreements, and so forth. All such factors tend to drive a wedge
petween the rate a resident and a non-resident can earn on a DM
asset in Germany. As the rate which d non-gesident cancearn "

in Germany falls, the true interest parity forward rate for the mark
moves to a smaller discount or larger premium than what prevailed
pefore the imposition of the capital controls. But if the German
money market interest rate is used to find interest parity conditions,
the calculated interest parity rate will not change. Thus a measured
implicit premium will show up in the data which is entirely due to
changes in capital controls.

gi Eurocurrency interest rates represent a "clean" measure of

the opportunity cost which a non-regident guffers by not holding a
part of his portfolio in foreign claims. For example, a Euro-DM
deposit at a Swiss bank 18 probably a very close substitute for a DM
deposit at a German bank to a non-German resident. Normally then
these two rates would be very nearly the same. Given speculative

pressure on DM for example the German central bank can be expected

to penalize non-resident placements in German money markets. In

this case the Euro-DM would reflect what non-residents can earn in
German money markets, while German domestic rates represent what German
residents can earn in German money markets. The interesting aspect of
Eurocurrency deposits is that the mar ket works out the effect of
capital controls for us. 1f we assume that the only difference between

a Euro-DM and a German DM deposit is the location in terms of national
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borders, then any differences {n these rates must reflect national
chbital éontrols.gj This implies that the bias introduced into measures
of speculative activity by controls can be eliminated by using Euro-
currency rates in calculating interest parity forward rates.
A brief example might help clarify this point. In June 1971
the Bundesbank imposed a 40% reserve requirement on non-resident
deposits in German banks. Up to this time this had been the primary
means by which non-residents had acquired DM claims. A Swiss Eurobank
had up to this time offered a deposit rate on Euro-DM deposits equal
to what the Swiss bank could earn in Germany plus & small intermediation
fee. With the {mposition of the reserve requirement, German banks
found that deposits by the Swiss bank were only worth 60% of the
face value in terms of usable reserves, and therefore could offer
1/.6th of the interest rate offered to domestic deposits. In turn
the Swiss Eurobank could offer a commensurately lower Euro-DM rate.
Oof course there were other ways in which the Swiss bank could utilize
the DM obtained through its Euro-DM depositse It soon became evident
that the Swiss Eurobanks could lend directly to German corporations
and thus bypass the established intermediation channel, the controlled
German banks. This eventually led the Bundesbank to impose a reserve
requirement on the borrowiongs from non-residents by German firms. But
we need not attempt to identify the impact of specific capital controls;

we need only realize that the Swiss Eurobank does the best it can in

9/ Of course we must assume that Swiss authorities do not interfere
with the Euro-DM activities of Swiss banks. The market also
insures this since the Burocurrency business will move to an

unconstrained center if one central bank attempts to regulate
the market.
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penetrating the German money markét, and pays a Euro-DM deposit rate
which reflects how successful it can be in avoiding the Bundesbank's
efforts to curtail this penetration. An arbitrage schedule drawn
with reference to Eurocurrency interest rates eliminates exchange
risk and the effect of controls and reflects only the factors vhich
make covered DM claims less than perfect substitutes for otherwise
similar domestic currency claims. 1f we are right in assuming that
covered foreign bonds are perfect substitutes for domestic bonds,
then Eurocurrency rates should always be at interest parity. If so,
any calculated implicit premium represents noise in the data and in
a regression analysis of capital flows should not add explanatory

power to the regression results.
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Emgirical Tests

In order to proceed with a test of the model developed in
(1-17) we first explicitly make the endogenous spot and forward
exchange rates functigi; of the exogenous variables in the model;
For the spot rate in non-speculativelgl periods from (3~7) we have:
19) &S =r° (ATR,,,17C°, s1TCcS, G5, R¥)
for the forward exchang;rrate, RF, from (1, 2a) we have:
20) RF = rF (1B, R*)
Substituting 19 and 20 into 12 we have:

(21) 248 = SF(rF - R¥) =~ Ss(rs - R%) + (1 -22) gd TBe4q
S Gs t=1
- LTC - - C(io - iw)
Taking changes, assuming a linear form, and that ¥ = Oz—lj
3

S o (<F F _ oF _ a5 .S

(22) M (s1 ry+ 1) d;EIA TBeyy 82 AR* S1 Ty 0
- (ss 5.+ 1) AITC - C(SS S+ 1) A4, - 1)
172 173 p " v

- (sslri+ 1)Ac+s§Aa*

10/ During speculative periods it is expected that speculative purchases
of spot exchange will swamp the other variables. The model tested
will utilize a dummy variable in an attempt to capture the effects
of speculation generated by expected pdrity changes.

11/ The notation S{ is the partial derivative of the S¥ function with

respect to its first argument,
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The structural and reduced form coefficients are presented in Table IL

TABLE 11
variable Reduced Form Structure Exgected sign
t=1
s _S
Aip = 1) o3y -c(s + 1) -
S S
AG o, -(sy 7, + 1) -
AR o5 5 - 55 *5-)

An increase in the contractural trade surplus, as measured by subsequent
changes in the recorded trade balance, first generates a positive

excess demand for forward cover and a change, r{, in the forward

exchange rate. Some part of this excess demand, Sg rﬁ, is met in the
forward market by an excess supply of forward speculation. The part not met
ia the férwaxd farket DY férwaxgd’ speculation, (s rF + 1), is trans=
ferred via arbitrage to the spot market., Ve expect that - 1<S1 r1<0

go that some part of an increase in the contractural trade surplus

will generate an excess demand for spot arbitrage positions. or in

more familiar texrms arbitragers demand spot dollars in order to

accomnmodate spot gpeculators and thus generate an arbitrage inflow,
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A long-term capital }nfiow initially generates excess demand in
the spot exchange market and a change, rg, in the spot exchange rate;
Some part of this excess demand, Si rz, is met by an excess supply of
speculative spot positions. The part not met in the spot market,

(si rg + 1),1is transferred via arbitrage to the forward market;
in this case an arbitrage excess supply, or an outflow of arbitrage
funds, is implied, equal to -s§ 5 + .

An increase in the interest differential in favor of the U;S.
generates an excess demand for spbt dollars equal to cA (ip - L").

The impact on arbitrage flows is essentially the same as the case for
long-term flows discussed above. Official intervention i{s another type
of exogenous uncovered capital flow and has comparable effects on
arbitrage flows.

A change in the expected exchange rate is somewhat more difficult
to interpret since it is not an observed variable. We assume that
speculators utilize a model which generates values for the exogenous
variables in (13) and (14) based on autoregressive patternsof past
changes in these variables. Using this model, speculators generate
values for the expected exchange rate, R:, which will prevail at
the end of the current month., After comparing R: with R:_l, speculators
decide what change in their spot and forward speculative position
they desire to make during the month according to the Sg and S;
functions., If sg > Sg, and if both are positive functions, then
a given rise in R* will generate.a larger:'hxcesszdemand'inﬂ

the forward market than in the spot market. In order to keep the



=40~

forward rate from rising to an implicit premium with respect to the
spot rate, arbitragers will supply spot and demand forward generating
and arbitrage inflow. If there is any truth to the statement that
speculators prefer forward positions, then we can tentatively expect

a positive coefficient on @5, but there is no strong motivation for

such expectations,

Conclusions:

Before entering into some important qualigications.. of the
above model due to data limitations, the thrust of the argument to
this point is as follows. If we look at a number representing short-
term capital flows we must keep in mind that a significant part of
such flows might represent arbitrage positions. Arbitrage positions
are only indirectly influenced by variables ordinarily found in
regression analysis of short-term capital flows. Exchange rate
expectations, interest differentials, and changes.in the trade va=iables
drive the arbitrage model, but jdentification of structural relation-
ships among arbitrage flows and these variables depends.on 8 string
of guesses on the part of the analyst. Hopefully the reader can,

using the model developed here, test his own priors against the evidence

presented below,
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Data Limitati#ns

The primary difficulty in testing the arbitrage model is that
statistics on pure arbitrage flows are not available, Data on total
short-term capital flows certainly in part include uncovered positions
sensitive to changes in interest rate changes and exchange rate
expectations. If the dependent variable tested contains all interest-
induced short-term flows, as well as all spot speculative positions,

then we have from (22) that the change in net short-term liabilities

to foreigners is:
3

(23) ASTIN = (sE «F + 1) o T ATB,,, - S5 ARX + 255 AR*
171 =1 t+i 2 2
-C A(io -1i) - ALTC - G
Table III presents the structural and reduced form coefficients

for this model.

TABLE IIT
_Variable Reduced Form Structure Expected Sign
3 F F
t.ElA TByyq o] = a(Sl r, +1) +
A LTc 0’2 = ‘1 -
A(i‘[) = 11,) 0’3 = 0
AG 0'4 = "1 -
S F
%* = - -
/_\R 0’5 231 32 (+) )

There is no change in the interpretation of «j, since a change

in the contractural trade balance has no direct effect on spot specula-

tive positions., This is true following the assumption that Y=0, or that .

traders do not speculate in the spot market, thus the only effect on

spot positions is through arbitrage.



42~

The impact of a change in long-term capital or a change in
official balances on changes in short-term liabilities to foreigners
is unity. That is, in the case of long-term capital the arbitrage
effect, -(Si rg 4+ 1), plus the direct change in speculative spot
positions, Si rg, must be equal to the change in long-term capital
in order to clear the spot market.

A change in the interest differential will generate no net
capital flow if all interest-induced funds, all speculative spot
positions, and all arbitrage positions take the form of measured
short-term capital flows.

A change in R¥ will generate a direct change in speculative
spot positions, S2, plus the arbitrage effect (82 -SF) for a total
effect of 282 - sg. There is, of course, 2 somewhat stronger pre-=
sumption that this is positive.

In each case a further set of assumptions is now necessary.

The data set used below as the dependent variable is the change ininet
short-term liabilities to foreigners reported by U.S. bankssand non-
financial corporations. "If these data represent prtmarily arbigg§ge flows,

then the set of © tructural coefficients in Table II ig relevant. 1f thése

data also include all other speculative and interest-induced spot positions;

then the structural relations in Table III are relevant., We suspect
that the true structural coefficients 1ie somewhere between those in
TablelI and Table IIL. Obviously much of the interesting part of the

distinction between arbitrage flows and other short-term capital
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flows evaporates 1if all such flows are lumped’ together in the same
aggregate. We suspect that positions vis-a-vis foreigners reported
by banks, which are reported promptly and widely interpreted as
indicators of responses to interest differentials and exchange rate
expectations, do contain an important and potentially confusing
element of arbitrage transactions. The positions of non-financial
corporations are probably incomplete, since not all corporations are

required to report their positions.

~7




The Data
An important problem in dealing with the U;S. capital account
is choosing a measure of foreign interest rates and foreign exchange
rates. The exchange rate for the U.S. is a particularly difficult
variable to quantify. Several studies have used the single dollar-
foreign currency cross exchange rate, or have tried several individual
cross rates, in capital flow equations, This would be reasonable if
foreign currencies tended to move against the dollar in unison over
the sample period. Even casual inspection of those data reveal, -
however, that this was not the case over the sample period considered
here. Triangular arbitrage insures that cross exchange rates are
consistent; it does not insure that foreign currencies will move in
unison against the dollar unless it is assumed that the foreign cur-
rencies cross rates with respect to one another do not change. A
particularly striking aspect of this assumption not holding is that
very often during the sample period one foreign currency, for example
sterling, moved to its intervention floor against the dollar, while
another, for example the French franc, moved to its intervention ceiling.
1t was decided, therefore, that some weighted average of exchange
rates was more appropriate in measurdng the exchange value of the dollar.
Six major foreign currencies were chosen, including the Canadian dollar,

German maiX, French franc, Swiss franc, Dutch guilder, and sterling.
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The range of plausible welghting schemes is almost infinite, and
since we have already given a weight of zero to most of the currencies
in the world, further refinements of the weighting scheme seemed
arbitrary and for simplicity a simple arithmetic average is used.

Since in "normal" periods the model assumes that speculators
are predicting movements in the exchange rate within the intervention
band, we purged the data of chapges in rates due to parity changes.
During periods of temporary floating, a prorated monthly change in
the parity from the previous parity to the new parity was subtracted
from the observed change in the exchange rate. In the case of the
Canadian dollar, where no new parity was established before the end
of the period, changes in the exchange rate were measured as deviations
from a linear time trend.

In order to obtain a value of the expected change in the
exchange rate free of simultaneous influence of arbitrage and other
short-term capital flows, we regress the exchange rate on exogenous
and predetermined variables in the model; The regression of R® on

a set of these variables yields (24)

(24) ER, = - .19 MR, - .7 MR, = :48 Mg 5 - 55 MR,

(-1.36) (-2.85) (~4.03) (-3.16)
. .0049AC, . - 066 AGg.p + .025 AG_, - .0023AG._
t1 al76) T2 (0,99 3 (0.09) 4

4029 ATB,_; + :17 ATB, , + .12 ATB_3 - .03 ATB_,
( 0.17) ( 0.74) ( 0.54) (-0.20)

- .0093AID..; - .068 AID _, - .10 AID, _3 + :067 AID¢_4
(-0.88) ( 0.56) (-0.87) ( 0.58)
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The foreign {nterest rate variables are also arithmetic
pverages of national money market rates of Eurocurrency rates. Detailed
}nformation on the remaining variables is contained in Appendix I.
The variables are defined as follows:
ASTLN = Change in net short:term liabilites to foreigners
reported by banks and non-financial corporations in
the U.S.
EAR = Expected change in the weighted average U.S. exchange
' rate,

AID = Change in three-month U,S. Treasury bill rate less

constructed foreign interest rate.

fED = Change in three-month Eurodollar deposit rate less

constructed Eurocurrency rate.

frB,_, = Change {n U.S. trade surplus in ith month after t.

ALTLN = Change in net long-term 1i{abilities to foreigners

reported by banks and non-financial corporations in
the U.S.

SD} = Speculative dummy = Number of foreign currencies whose
forward exchange rate is over the
upper intervention limit divided by six.

SD, = Speculative dummy = Number of foreign currencies whose
forward exchange rate is below the

lower intervention limit divided by six,



417~

SD4 = Speculative dummy = Number of foreign currencies whose
forward exchange rate is over the
interest parity forward rate and
over the upper intervention limit
divided by six.

SDg, = Speculative dummy = Number of foreign currencies whose
forward exchange rate is below
the interest parity forward rate
and below the lower intervention

1imit divided by six.

D, = "Window dressing dummy = = 1 in December
4+ 1 in January
0 otherwise
Ji'e = Change in U.S. net official reserve position.

EIP = Average implicit premium on the dollar calculated
using Eurodollar and Eurocurrency interest rates.

1P = Average implicit premium on the dollar calculated
using U.S. Treasury bill rate and foreign money

market rates.
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Regression Repults

The results of several regressions suggested by the model developed
above are prebented in Table IV. Even given the qualifications on inter-
preting the reduced form coefficients developed in the above discussion
the data offer some interesting insights into the determinants at short-
term capital flows. The discussion of the results will concentrate on
equations one through four which do not contain government intervention
as an independent variable, equation five will be considered separately.
The first four regressions differ in that alternative specifications
of interest rate variable and the speculative dummy variables are em-
ployed.

The regression coefficient for EAR, thé instrimental variable
which measures expected exchange rate changes other than parity changes,
had the expected sign and was significant in all the regressions.
According to these point estimates an expected one percent appreciation
of the weighted average dollar exchange rate within one month generates
a short-term capital inflow of between $1.80 billion and $2.09 billion
during the month.

The regression coefficients for led changes in the trade balance
have the expected sign and are significant in period t+l, The size of
the sum of the coefficient is greater than expected, in that it implies
that a one billion dollar increase in the contractural trade surplus

generates about a 2-1/2 billion dollar capital inflow., However, a test



TABLE IV

Regression Results for ASTLN
(billions of dollars)

Independent .
ASTLN\\Variables 2
. sG EAR  OTB  ATB  ATB  OLTLN  AED IEP AID 1P sD, D SDy  sD D c R ow st
t+l . t+2 t+3 2 4 1
1 2,09 1.20 1,08 0.44 -0.909 0.085{ -0.19 5.287| -0.352 -0.701| -2.43 {0.50|1.69 ,808
(3.43)](2.36) (1.79)1{ (0.91) (-0.85)| (0.94) (-1.65) (4.53)| (-0.47) (-2.58)|(-1.62)
2 2,02 1,21 | 1.14 | 0.47 -1.651 0.25 0.34 | 3.956] -0.315 -0.654| 0.061 0.54(1.83[.773
(3.45)1(2.49)|(1.99) (1.02){ (-1.51) (0.75) 2.49)| (3.36)| (-0.51) (-2.52) (0.31)
3 1.85 | 1.46 | 1.48 0.56 | -0.680] 0.077 0.13 3.166| 0.241| -0.786 -0.090{0.34|1.37|.923
(2.67) | (2.51)] (2.18)| (1.01) (-0.56)| (0.72)| (0.96) (1.73)| (0.18)}(-2.56) | (-0.63)
1.80 | 1.38 | 1,41 0.54 | -1.76 0.15 | 10.46 1.695| 0.048| =-0.627 0.329{0.45[1.52|.844

4 (2.84)| (2.60) | (2.28)| (1.06) | (-1.46) 0.43)| (3.27) (1.00) | (0.06) | (-2.22)| (1.75)

2,550{ -0.425 -0.614| 0.06110.79|1.51].525

0.458] 1.31 | 0.65 | 0.29 0.01 | -2.65 0.10 0.05
(-0.93) (-3.47)] (0.59)

3 (8.88)[(3.23)](1.93) €0.74)| (0.03) (~3.68)| (1.57) (0.61) (3.11)

[EEESEIING S,
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of a linear constraint on the sum of the coefficients shows that their
sum is not significantly different from one at a five percent confidence
level.

In regressions one and three Eurocurrency rates are used as mea-
gsures of the effective yield available to non-residents on assets denom-
inated in various currencies, Positive values for AED measure increases
in the differential in favor of Eurodollars as compared with other Euro-
currency rates, Remember we are assuming the Eurocurrency rates are tied -
to corresponding domestic money market rates, with divergences reflecting
only capital controls. The regression coefficients in equations one and
tbree imply that an increase in the differential in favor of Eurodollars
generates an uncovered demand for dollar denominated assets. This
directly leads to an increase of U.S. net short-term 1iabilities to non-
regidents, and perhaps an arbitrage outflow. In any case the net value
of the structural coefficient for changes in the interest differential
in Tables I or Table II is positive, While the regression coefficients
have the expected sign they are not significantly,different from zero..

The covered differential in favor of Eurodollars over other Euro-
currencies is measured by IEP. As argued above this variable is not
expected to add any explanatory power to the regression since it was
expected to show no systematic variance. The regression coefficients

are not significantly different from zero which is consistent with this

expectation.
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The same regrésaions Qéfe rufl @biﬁg domeaéic {nterest rates 48 mea-
sures of the effective yield‘hvéilable on assetd denominhﬁ&é in various
currencles, The regression cbefficiedfh in regrebsions two and four for
{dcreasks in the differertial in favor &f U.S. domnéstic short-term inbérest
rates have the same expected sign and can be interpret in the same way
as the coefficients for changes in the differential in favor of Euro-
dollars in regressions one and three,

The measure of the covered differential in favor of dollar denom~
inated assets using domestic money market rates, 1P, has the expected
sign and is significant in both regressions two and four. Remember

thiisis not because a covered differential in favor of dollars actually
nersists long enough to be measured, but because the imposition of
capital controls leads to a consistent bias in this measure of the
covered differential in favor of dollar denominated assets., Positive
values of IP in the model developed here are possible only when capital
contto}s distort domestic interest rates as measures of the effective
yield that a non-resident can earn on assets denominated in various
currencies. Thus an apparent covered differential in favor of dollar
denominated assets occurs when the U.S. imposes restrictions on capital
inflows or foreign countries impose penalties on capital outflows. Since
the intensity of such restrictions is correlated with speculative demands
for dollar denominated assets, we would expect that positive values for

IP would be correlated with net short-term capital inflows to the U.S.
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If the regression coefficient on IP in equations two and four is
compared with that of IEP in equations one and three, it can be seen that
{f we are right in assuming that the difference between these two mea-
gures of the covered differential in favor of dollar deconimated assets
{8 the distortion generated by capital controls, then the significance
and size of the coefficients on IP must be due completely to the corre-
lation of speculative demands for uncovered positions and the intensity
of capital controls.

The speculative dummy variables, SDy and SDz, in regressions one
and two do not have the expected sign. A positive value for SD;
jmplies that the forward rate for one or more foreign currencies is
over its upper intervention limit. Other things equal, we would expect
that the implied expectedvdollar devaluation would generate a net fall in
the demand for dollar assets. The near zero value for SD, was also not
expected since an expected depreciation of a foreign currency was expected
to generate a capital inflow to the U.S. A clue to this apparent puzzle
might lie in the key currency status of the dollar, and to the asymetrical
behavior of foreign central banks. When one foreign currency was weak
and its forward rate below the lower limit, it was generally true that
more than one other foreign currencies appeared very strong with forward
rates over the upper limit. This did not reflect expectations that these
currencies would be revalued against the dollar, but that the weak non-
dollar currency would be devalued. These expectations led market partic-
ipants to sell the weak currency and buy dollars and other foreign
currencies. Thus SD; 1is capturing the expected devaluation of sterling,

for example, by measuring the appreciation of other foreign currencies

as sterling is sold off.
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The regression coefficients for speculative dummies SDj and SD; in
regressions three and four show similiar behavior as do those for SD; and
SDy. They are however not significient and smaller than SD1 and SD2.
The difference between these two sets of dummy variables ig that SD3 and
3D4 do not sort out periods where parity changes are expected unless
the forward rate is outside the intervention limits and outside the in-
terest parity forward rate. As such it makes the conditions under which
we presume that parity changes were expected more rigerous and it does
not appear that this is a useful refinement of our identification of
speculative periods.

The D1 dummy variable captures the effect of so called year end
window dressing opperations which result in U,S. net short-term liabil-
ities falling in December and returning to their former level in January.

The regression coefficient for changes in the stock of net long-
term liabilities to foreigners has the expected sign but is not signi-
ficient in. the first four regressions.

Equation five is the same as equation one with the addition of a
measure of net official purchases of dollars. Official intervention is
clearly endogenous to the system and adding it to the regression as an
exogenous variable introduces specification errors. It is encouraging
however that the speculative dummy variable seems to have captured some
of the effect of government intervention. Attempts to create an instru-
ment for AG were not successful. We plan to attempt to construct a
series which excludes intervention by central banks whose currencies are
at an intervention limit as a possible way to identify more near ly

exogenous spot demand for dollars by central banks.
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STLD

STLNF

STCB

STCNF

1US
TUK
IFR
ISW
ICAN

IGR
INET

E(country)

LTLB

LTLNF

LTCB

LTCNF

R(country)

FR (country)
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VARIABLE NAMES and DATA SOURCES

Short Term Liabilities to Foreigners Reported
by Banks

Short Term Liabilities to Foreigmers Reported
by Non-Financial Institutions

Short Term claiws on Foreigners Reported by
Banks

Short Term claims on Foreigners Reported
by Non-Financial Institutions

3-month U.S. Treasury bill rate

3-wonth U.K. Treasury bill rate

French Day-to-day money on private securities
Swiss 3-month deposit rate

3-month Canadian Treasury bill rate

German 3-month interbank loan rate

3-month Dutch Treasury bill rate

Eurocurrency 3 month deposit rates

Long Term Liabilities to Foreigners Reported
by Banks

Long Term Liabilities to Foreigners Reported
by Non-Financial Institutions

Long Term claims on Foreigners Reported by
Banks

Long Term claims on Foreigners Reported by
Non-Financial Institutions

Spot exchange rate at end of period in dollars
per unit of foreign currency

3 month forward exchange rate at end of period
in dollars per unit of foreign currency

FRB

FRB

FRB

DBMR

FRB

SBC

FRB

FRB

IFS

IFS
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variable
Name Description

R(country) Par value for spot exchange rate in dollars per
unit of foreign currency

TB U.S. trade balance
AG Change 18 U.S. net officlal reserves
LTLN = LTLB + LTLNF - LTCB - LTCNF

STIN = STLB + STLNF - STCB - STCNF

RUS = _(Rmc; RUK + RCAN - RCAN ... 16)
RUK RCAN
ID = IUS - ( IRK + ICAN + INET + IGR + ESW + IFR ) /6
RUK - FRUK ) &4
IP = - [ ( IRK - IUS + < = Y4 e ]
RUK J
ED = EUS - ( EUK + ENET + EGR + ESW + EFR ) /5

( RUK - FRUK ) 47
... /5
RUK -

EIP = -- [EUK - EUS +

* Source

FRB = Federal Reserve Bulletin

DHRR = Deutsche Bundesbank Monthly Review

IFS = IMF, International Financial Statistics
USEI = Ceneus, U.S. Tmports and Exports

SBC = Swiss Pank Corporation, Internal Records

Source*

IFS

USEI1

FRB



