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Absract

Inthispaper we revist the relationship between the forward interest rate and the spot
interedt rate at the shortest maturities. We introduce a new sat of very short forward and spot
interest rates that have not been fully utilized in the literature: the “tomorrow next” rate and
the “spot next” rate, both of which have the same maturity asthe overnight rate. Using these
interest rates we demondirate an asymmetric predictability of the forward interest rate. This
asymmetry, which we find to be robugt across different money markets, depends on whether
the forward rate is greater or less than the current spot rate. Money market inditutions, such
asa pendty for end of day overdrafts, and the inahility of securities firmsto procure fundsin
certain markets may explain the asymmetry.
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1. Introduction

Can theimplied forward interet rate' predict the future spot interest rate? According
to the rationd expectations theory of the term structure, the answer to the question isyes.
However, most empirica investigations of the term structure have regjected this prediction of
the expectations hypothess. Because the vdidity of the expectations hypothesisis of crucid
importance, due to its fundamentd rolein term structure theory, alarge literature has been
built around this rdatively smple question of whether forward rates, or yidd soreads, can
forecast future spot rates.

One direction thet the term Structure literature has taken has been to investigete how
predictability varies across different maurities The earliest sudies, induding Shiller,
Campbdll, and Schoenhaltz (1983), Mankiw and Miron (1986) and Smon (1989), examine
interest rates with a maturity of three months. Subsequertly, the maturity of the interet rates
under analys's has been extended to both longer and shorter maturities. For example, Fama
and Bliss (1987) and Cook and Hahn (1990) look at longer maturities, while Hardouvelis
(1988) and Mishkin (1988) look at shorter maturities. Findly, Campbell and Shiller (1991),
Campbd | (1995) and Roberds and Whiteman (1999) examine arange of maturities.? The
current consensusis that the ability of the implied forward interest rete to predict the future
Spot rate varies across maturities, and agraph of the dope coefficients, in aregresson of
redlized spot rates on forward rates, displays a smile-shaped pattern.®

Researchers have dso investigated the relationship between monetary policy and the

predictive power of the forward interest rate. Many of these udies attribute the

! Theimplied forward interest rate will be called the forward interest rate.
2 Asaresult, the literature covers maturities ranging from two weeks to several years.
% This pattern is known as the “ predictability smile’.



unsatisfactory predictability of forward ratesto interest rate smoothing behavior by the
Federd Reserve System. * However, Balduzzi, Bertolaand Foresi (1997, heresfter BBF)
show that it is expectations of changesin the target that drive the Spreads between short -term
rates and the overnight federa fundsrate. Therefore, the erroneous anticipation of future
changes in monetary policy can be the cause of the unsatisfactory predictability performance.
Nevertheless, whatever the direction of the research, forward and spot interest rates a
the shortest maturities have not been fully utilized by the literature. While, some reseerchers
have used some of the shortest spot interest rates, such as the overnight rate, in andysis® they
compare the overnight spot rate with rates on maturities longer than aweek, and not with the
forward rete a the shortest maturities. Ignoring the shortest maturity rates resultsin severa
critica oversghts. Firg, by not sudying the overnight rate, we have no information on the
predictability amile a the shortest maturities. Second, the overnight interest rate is generdly
regarded as the primary operationd target of centra banks. Therefore, forward and spot rates

of very short maturities must contain information about the centrd bank’ s attitude toward
market operations. Findly, because of the smpler structure of the very short-term money
market, it is easer to identify the causes of the predictability falurethan inlonger-term
markets.

In this paper, we introduce a new sat of very short forward and spot interest rates
neither well recognized in, nor utilized by the literature. The very short forward interest rates

we introduce in this paper are the “tomorrow next” (TN) rate and the “ spot next” (SN) rate,

4 See Mankiw and Miron (1986), Simon (1990), McCallum (1994), Rudebusch (1995) and Roberds, Runkle,
and Whiteman (1996).

® See BBF, Griffiths and Winters (1996), Roberds, Runkle and Whiteman (1996), Simon (1990) and L ongstaff
(2000). The exception is Saito, Shiratsuka, Watanabe and Y anagawa (2001), who employ both spot and
forward rates at the shortest maturities in Japan. Their analysis focuses onthe specific events of periodic
settlements.



eech having the same maturity as the overnight (ON) rate. The rdaionship amongd these
ratesis shown in the diagram beow:

Day t-2 t1 t t+1

Contract and obtain funds Return of funds

Overnight (ON) i, «—»
Contract Obtain funds Return of funds
Tomorrow next (TN) f,_,, < >
Contract Obtain funds Return of funds
Spot next (SN) f,_,, < >

Usng these rates we successfully estimate the asymmetric predictability of the
forward interest rate for four currencies: Eurodollars, Eurogterling, JapaneseYen and Itdian
Lire. We obsarve the asymmetry when we compare the predictability from asamplein
which the forward rate is higher than the current spot rate, to a sample in which the forward
rateislower than the current spot rate. We find that market indtitutions may explan this
asymmetry.

The plan of the paper isasfadlows. In section 2 we briefly summarize some of the
exiging literature. Wefirg derive the implications of the expectations hypothess for the
relationship between the forward interest rate and the future oot interest rate. We then focus
our discussion around the main findings of the literature. In section 3 we discuss the sources
and congruction of our datain more detail. In particular, inditutiond differenceslead usto
look at different indrumentsin the Eurocurrency market as opposed to the Itaian domestic
money market. Prior to estimation, in section 4, we andyze the behavior of very short-term

market participantsin order to determine if this behavior is congrained by inditutiona



settings. Based on our findings we then discuss our estimation techniques and resultsin
section 5. 1n section 6 we condruct asimple theoretica framework thet demondirates how
market inditutions coupled with an asymmetric loss function leads to asymmetric
predictability of the forward rate. In section 7, we touch upon dternative explanaions for
the predictability fallure. Section 8 concludes.
2. PreviousLiterature

A gudy of the relationship between the forward interest rate and the future spot
interest rate has produced alarge body of literature,® the primary focus of which has been the
testing of the rationd expectations hypothesis. Under the expectations hypothesis, the
forward rate is acombination of ashorter spot interest rate and alonger oot rate with
meaturity twice thet of the shorter one. The use of these maturitiesis a Sandard practice in
the literature.

Let i, betheinterest rate on the shorter (one period) bond and i, theinterest rate on

the longer (two period) bond. Under the expectations hypothesis we are indifferent between
holding the longer maturity bond or a series of shorter maturity bonds. We canthenforma
one period ahead forward contract by both salling the shorter bond and buying the longer

bond in period t. Hence, the forward interest rate will be

ft,t+l = 2iZ,t - il,t : (2-1)
Assuming rationd expectations,
iLt+1 = Et (il,t+1) + et+1’ (22)

® Similar investigations have been implemented extensively for the foreign exchange rates aswell. See Lewis
(1995) and Engel (1995) for surveys of thisliterature.



where e,,, istheforecast error orthogona to thetimet information set. Subtracting it from

both sides of equation (2.2), and assuming that the forward interest rate, £, , isthe

unbiased egtimator of i, yidds

il,t+1 - i1,t = ft,t+1 - il,t e, (2-3)
which provides the testing eguation:
il,t+l - il,t =a + b[ft,t+1 - il,t] t€n (2-4)

with null hypotheses a =0 and b =1. Sincetheerror term, e, , is uncorrdated with the
right-hand side regressors, OL S provides conggent coefficient estimates.

The codffident b in equation (2.4) has been previoudy esimated over arange of
maturities, from two weeks to five years, and for many different market instruments,
including Treasury Bills, Certificate of Deposits (CDs), Eurodallars and Commercid Paper
(CP).2 Rudebusch (1995) and Cook and Hahn (1990) summarize the resultsin the literature’®
asfollows:

* Theedimates of b are sgnificantly smdler than 1 for dmog dl indruments, data
Sets and maturities.

» Edimaed b for interest rates of short maturities (from two weeks to two months)
are ggnificantly pogtive

» Edimaed b for interest rates of medium meaturities (from 3 months to 12 months)
are not sgnificantly different from zero.

" Although U.S. Treasury securities (bills, notes, and bonds) are regarded as closest to the theoretical ideal
because of their negligible default risk and no call provisions after 1985, other market instruments have also
been used for analysis. However, the literature discussed in this section islimited to US dollar denominated
assets.

8 See Jegadeesh and Pennacchi (1996) for a study using Eurodollars. See Mishkin (1991), Hardouvelis (1994)
and Jorion and Mishkin (1991) for research using assets denominated in other currencies.

® See Fama (1984), Famaand Bliss (1987), Mishkin (1988), Hardouvelis (1988), Campbell and Shiller (1991)
and Roberds, Runkle and Whiteman (1996) for details.



« Edimated b for interest rates of long maturities (more than one or two years)
appear to be dgnificantly postive.

Mog sgnificant amongst these resulitsisthe fallure of thenull of b =1. Thisimpliesthet
the forward rate is not an unbiased estimator of the future spot rate’!® which isinconsstent
with the expectations hypothess.

In addition to these gandard estimations, many other gudieslook a maturities more
than twice as long as the maturities of the short rates. In these non-standard estimations,
snce the errors overlap, the sandard error of b must be corrected for serid correlation.
Simon (1990), Campbell and Shiller (1991), Campbell (1995) and Roberds and Whiteman
(1999) report the results from these estimations, with findings Smilar to the sandard results.

There are three mgjor possible explanationsfor thefalureof thenull of b =1: (1) a
failure of the rationd expectations hypothesis, (2) the expected future spot rate not being
equd to the forward rate and (3) atime-varying term premium. For example, Froot (1989)
uses survey datato discussirrationa expectations of bond market participants, and Mankiw
and Miron (1986) show how variation in the term premium can bias the predictability
coefficients downward. In addition, severa sudies rdate the predictability falureto
monetary policy. Mankiw and Miron (1986) and Roberds, Runkle, and Whiteman (1996)
attempt to link the failure to changesin monetary policy regimes. In these modes, when the
central bank attempts to stabilize interest rates, it smoothes out daily interest rate fluctuations,
resulting in increased difficulty in predicting future spot rates. The period &fter the
establishment of the Federd Reserve System in 1915 and the periods of the federd fundsrate

target regime (1974 to 1979 and 1989 to present) are examples of interest rate smoaothing by



the centrd bank. By dividing the sample according to the monetary policy regime, and
tegting for sgnificant differencesin predictability across sub-samples, they show that prior to
the founding of the Federd Reserve System, the spread between long rates and short rates
had substantid predictive power for the path of interest rates.

BBF propose another possibility for how monetary policy affects the predictability
falure. They date, “the biasin tests of the expectation hypothess, that we and others
document, can be mainly attributed to erroneous anticipation about the change in monetary
policy” (BBF, p.224). To support their clam, BBF formulate two test equations for the
future spot interest rate and for the future federa funds target rate set by the Fed, and
compare the predictive power across the two equations. They show that the predictive power
for the federd fundstarget rate is Sgnificantly smdler than the predictive power for the
federd fundsrate. Therefore, the more pronounced bias in the target component of overnight
federd funds rate dynamics supports their view thet the erroneous expectations of market
participants leed to predictability falure.

3. Data Description

In this paper we study very short spot and forward interest ratesin both Eurocurrency
and domestic money markets** In the Eurocurrency markets, many transactions are madeiin

the form of time deposits between banks or between a bank and a non-bank inditution. The

dominance of time deposit transactionsin the Eurocurrency marketsis due to the fact that

thereis no reserve requirement for Eurocurrency deposits. Asaresult most participantsin

10 The “predictability smile” outlined by the last three points is also a concern of economists. See Roberds and
Whiteman (1999) and Rudebusch (1995) for attemptsto explain the pattern.

1 Eurodollars, Eurosterling, domestic Italian Lire and domestic Japanese Y en are actively traded examples of
theseinstruments. For thefirst three assets, datais available through Datastream, while Tokyo Tanshi provides



the market rely heavily on brokers when they trade time deposits. Quotes are denominated in
various currencies, induding US Dallars, UK Sterling, Euros and Jepanese Yen. Maturities
range from very short (ON) to one year, including forward (TN and SN) rates. For each
interest rete, liquidity in the markets for the ON, TN and SN ratesis quite high. For example,
the bid and ask spreads of the ON, TN and SN Eurodollar markets from 1/1/98 to 7/31/98 are
no bigger than 1/8 % and the spreads are dmost dways the same across ON, TN and SN
transactions. In our regressions we use the medium quiotes, i.e. the averages of the bid and
ask, of the ON and TN interest rates for Eurodollars and Eurosterling.'? The datain the
sample consggts of dally interest rates quoted a 16:30 GMT from 1/9/95 to 12/31/99 for
Eurodallars and 1/9/95 to 8/9/2002 for Eurosterling, which are the entire periods for which
detais available.

Short-term indruments in the Japanese and the Italian domestic money market are
interbank funds with maturities including the very short spot (ON) and forward (TN and SN)

rates. All of the markets for these interest rates are conddered to be liquid, dthough the 5ze
of the ON market is consderably larger than either the TN or SN markets. The interbank
interest rates are known as cdl ratesin Jgpan and as ATIC (Itdian Treasurers Association)
rates inItaly. We use the average of the bid and ask rates quoted at 16:30 in Itdy and the

daily weighted average ratesin Japan'® Again our data are on adaily basis and cover the

data for the Japanese market. For a description of the Eurocurrency ON, TN and SN rates see Dufey and Giddy
%994 p. 206) and Stigum (1990, p. 887).

Currently these currencies comprise the only available set of datafor which boththe ON and TN ratesare
actively traded.
13 The suggestion to use the datafor Japan was made by Shigenori Shiratsuka.
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entire period for which each database provides data, 5/19/94 to 11/14/97 for Japan and 4/1/88

to 8/7/2002 for Italy.**
4. TheVery Short-term Money Market: The Case of Japan™

Whileit is meaningful to introduce anew set of interes rates and run regressons,
upon doser examination we find that participants in the very short-term money market
gopear to follow smpler rules than participants in longer-maturity bond markets. Longer-
term bond markets, such as the one for 10-year Treasury bonds have many complicating
factors. First, bondholders in these markets are not just limited to finendd inditutions, but
asoindude consumers and non-financid companies. Second, when investing for longer
terms many substitutes, such as bank deposits, stocks and real estate, for bonds exist. Finally,
the purchase/sdes decision of bonds depends strongly on the futureoutlook of the economy,
which ishighly subjective and hardly obsarvable.

In contragt, participants in the very short-term money market are basicaly limited to
finendd indtitutions, and there does not exis many dternatives to short-term money market
indruments. Furthermore, what participants consder when making their purchase/'sdles
decisiors are the elements affecting the daily flow of funds, such as government expenditures,
market operations by the central bank and other market participants’ procurement/investment
behavior. Inthisrdaivdy smple market with a limited number of players, the driving

forces, or the indtitutiona congraints that prevent market participant sfrom acting rationdly

14 For Japan, periods with a series of financial institution bankruptcies, and near zero interest rates are omitted
from the sample.

15 This section is based on interviews conducted with people in charge of money market transactions at money
market brokerages, city banks, foreign banksand the central bank (Bank of Japan).



are eader to obsarve. By dosdy examining the adtivities in this market, we areableto gain
better ingghts into possible reasons for the predictatility falure.

In this section, we touch upon what kind of partiesraise and invest fundsin these
markets, how those participants act in response to changes in the investment environment and
what sort of role financid authorities play. While our findings are true for the Jgpanese
market, for which we were ble to obtain alarge aount of information through interviews
they cannot be automaticaly applied to aher markets. However, we are able to make
inferences about other markets basad on the informetion gethered.

It is aso important to note thet in the case of Japan, factors, such as market
participants and their attitudes toward funds procurement, differ when we compare the
current economic Stuation, in which the monetary authority has condoned quantitative easing
with the overnight rate near zero, and the Stuation prior to the autumn of 1997, when interest

rates were sgnificantly postive and no one recognized the possibility of default in the

unsecured call market. 16
4.1. Participantsin Japan'sVery Short-term M oney M ar ket

Our primary focusin this section is on markets with large amounts of very short-term
transactions, namely the unsecured cal market, the Euroyen market, the forex siwap market
and the repurchase agreement (repo) market. Although the repo market differs from the
othersin that funds are invested and raised by putting up collatera, such as government
bonds, when the setting of interest rates in the repo market based on collaterd vaueis
deducted, the rate in the repo market, under normal conditions, isbascally the same asin the

other markets.

11



12

Table4.1: Maket Participantsin Jgpan's Very Short-term Money Market

Procurement Invesment
Overnight Tomorrow next (TN)
(ON) and later
Unsecured City banks, City banks, foreign Investment trusts, regional banks, second-tier
call foreign banks banks regional banks, agricultural cooperative banks, life
and norlifeinsurers, trust banks
Euroyen | - - Japanese banks Japanese banks (domestic branches)
(overseas branches),
foreign banks
Forexsvap |- = Foreign banks;™ Japanese banks
Japanese banks
Rgpo [ ——- - Securitiesfirms, city Investment trusts, foreign banks
banks
Note: modified from Chart 3 inlnabaet al. (2001)

Fromtable 4.1 it is clear that there are not many procurers of funds. Theman

players are limited to city banks, foreign banks and securities firms that need to raise fundsto

hold bonds. The invetment Sde is more diverse, and in contrast to the procurement Sde,

players are fixed to particular markets. For example, invesment trustsinves & the overnight

(ON) rate because a portion of their funds must be within the day due to the nature of their

invesments. Also, agricultura cooperdtive banks and life and nortlifeinsurers, dl of whom

invest agreat portion of their fundsat the ON rate, tend to redtrict their investmentsto that

market, and if and when they do decide to adjust their position, they do not put their funds

into the tomorrow next (TN) market, but instead move to longer term markets, such asthe

one-month and three-month bond markets. The reason why investors arefixed in certain

markets as opposed to procurersis most likely because for investors, the opportunity cost of

being unabdle to lend is much smdler than the various pendties incurred in the event of an

16 Annotations are added to our explanations whenever it is believed a certain observation something isa
phenomenon unique to the current situation, in which the overall trust in domestic banks has been shaken.

" Due to time differences with overseas markets, practically no funds are raised at the overnight rate in the
Euroyen and forex swap markets. Also, there are customarily no overnight rate transactions in the repo market.
18 Foreign banks are currently able to procure yen funds at negative interest rates on the forex swap market due
to Japanese banks’ strong demand for dollars. Asaresult, their presencein the market isincreasing.
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overdraft. Based on these observations, we focus on the procurers and outline their behavior
inthe ON and TN markets
4.2. TheM ain Players on the Procurement Side
(i) Securities companies

While securities firms have current accounts a the Bank of Japan they are not legdly
required to hold reserves. They dso tend to actively use the repo market, where bonds and
cash are traded, but by custom settlements are not carried out on the day of the transaction
(t+0), but on the following day (t+1) or later.*® Therefore, should they need very short-term
fundsthey will gotothe TN or later market, but will rarely go to the ON market. At mogt,
some of the mgor brokerageswill obtain ON funds on the unsecured call market, dthough
thisis not a common occurrence.

Participants on the investment Sde of the very short-term money market are well
aware of the Stuation, and therefore, credit lines for securities firms on the ON unsecured

cdl market are @ther non-exident or very smdl. Thisfact, coupled with concerns over
whether clerica proceduresfor ON market procurements will go smoathly provides
securities firms with even lessincentive to raise fundsin the ON market. Dueto these
circumgances, it may be said that securities companies take part in the TN market, but not in
the ON market*°

(if) City banks and foreign banks

19 The Japan Securities Dealers Association’s Committee for Reform of the Securities Clearing and Settlement
System proposed the creation of at+0 bond repo market in March 2000. However, there islittle chance this
ideawill materialize soon as critics argue that t+0 transactions are already conducted on the secured call market.
These critics also point out that the creation of the t+0 market would only serve to complicate mark to market
clerica work.

20 Foreign investment firms with banking affiliates procure funds at overnight rates, and therefore are, ingeneral,
not that affected by these limitations.



In contrast to securities firms, both city banks and foreign banks are required to hold a
certain amount of reserves. Also, on agiven day these banks are often faced with the sudden
need for alarge amount of funds. Because banks usudly cdculate the amount of funds thet
they predict they will need in about two daystime, they usudly, with a decent degree of
accuracy, know the amount of money that they will need to have on hand. Therefore, itis
possible for banks to choose the rate a which they want to raise funds, the ON rate, the TN
rate or the SN rate. Findly, city banks and foreign banks can raise funds from both the ON
and TN or later markets.

However, if and when the necessary amount of funds on a particular day islage,
these players would rather not wait until the next day to raise the funds on the ON market,
but will insteed raise a portion of the amount needed from the TN day market, even if they
must pay ahigher rate. Mogt likdly, thisis because those in charge of fund procurement

believe that the possihility of overdraft semming from unforeseegble circumstances, such as
dericd erors rise sharply with the amount of funds needed.

Through experience market participants have also learned thet interest rates risewhen
the amount of funds procured islarge. Furthermore, the incentive to raise funds by the end
of the day, even a the higher TN rate, increases with the gpproach of thefind day of a
reserves maintenance period, or the last day of the quarter. Thisisdueto the fact thet heavier
than norma pendties are levied when it becomes clear that reserve requirements were not
met, and account statements show a deficit in the financid indtitution’s Bank of Jgpan (BOJ)

current account.

14



City banks mainly procure funds from the ON market because of the low rate made
possible by the fixed players on the investment side®! However, when they are faced with
the task of railsing alarge amount of funds they tend not to wait, but to quickly procure funds
in the fooward market. In addition, city banks often have separate sectionsin charge of the
ON (unsecured cdl) market and the TN or later (repo, Euroyen and foreign exchange swap)
markets. Moreover, there are impliat redtrictions to the amount of funds that each section
can extend to the ather. Thus it isextremdy difficult for thosein charge of the TN market,
when they are unable to raise the necessary amount of funds, to ask another section for the
funds necessary to procure alarge amount from the ON markd. At times, asection will be
unable to meet its fund demands, or will be forced to pay an interest rate higher than the
usud internd transaction rate. Because of such limitations, at times city banks will raise
more funds than needed & the higher TN rate.

In the case of some foreign banks, while there are Sizable shocks to their reserves
leve, they hold asmaller amount of reguired reserves than dity banks do.?? Hence, it is

relatively easy for their reserves position to be negative a the end of day, which will incur
Subgtantid pendties. To avoid this Stuation, foregn banks have an incentive to procure
fundsin the forward market. In addition, the head office sets a credit line for the Japanese
market.>® Asaresult, evenif ON or TN rates become unnecessarily high, these banks will a

times be unable to hold a pogition for arbitrage.

21 Especially truebefore the default in the unsecured call market owing to the collapse of Sanyo Securities Co.
inthefall of 1997, market players such as city banks had little recognition of liquidity risk andoften borrowed

at the overnight rate, which was the |lowest rate, and extended long-term loans.
22 Daily average of required reserves for alargesized city bank rangesfrom 200 billion to 300 billion yen,
while for aforeign bank average required reserves do not exceed 10 billion yen.

15

23 |t appears that even though they are risk-free, there is amaximum ceiling for Bank of Japan current accounts.



City banks and foreign banks can raise funds from both the ON and TN markets.
However, once the amount of money they require exceeds a certain leve, they atempt to
rase a least aportion of the funds from the TN market, even if they must pay a higher rate,
out of fears of an unexpected overdraft. At the sametime, market players are avare that
market rates rise when this occurs.

4.3. The Rdationship between M onetary Control and Procurement

At present, in Jgpan, there is a Significant amount of excess resarves, and thereis
absolutely no need for the BOJ to ensure that the market has an adequate supply of funds.
However, when interest rates were much higher, the degree of accuracy of the BOJ sfund
upply to the reserves market is sad to have been greater then in other industridized
countries. Thiswas characterized by the BOJ s accuracy in forecasting fund demand, and the
banks' precison in putting up reserves with no lack or excess up to the millionyen mark.
This sort of accurate fund supply had two conflicting influences on banks fund demand.

Hrgt, BOJ pressure to ensure that legd reserve levels were accurady met was very
drong, and it issaid that the centrd bank took a very dern attitude in the event of unforeseen
accidents such asthe late ddivery of bills. Under such pressure, banks seeking to raise funds
on the very short-term market had a strong incentive to ensure that they got the needed
reserves and as mentioned above, in the event the amount they required was large, they were
more likely to turn to more certain means of procurement. In other words, these banks would
increase the amount of money they raised inthe TN market.

On the other hand, it is dso true that because the BOJ supplied the market with
liquidity with a greet dedl of accuracy, those seeking to raise funds had a sense of security.

Some banks did not try to procure funds at higher rates, to maintain their reserves, until the

16
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last minute of thefind day out of the bdlief that the BOJwould supply fundsto the market
and push interest rates down.?* It islikdly that these banks will not change their treditional
gance of procuring & the ON rate on the day rather than swiftly securing money a the TN
rate, unlessthey fed pressured to secure a large amount of funds.

Theimpresson gained through interviews is that foreign banks tend to reect
sengtively to the BOJ s drictness toward meeting reserve requirements and will procure
fundsin advance, induding a forward rates such asthe TN rate. Japan’ s city banks, on the
other hand, tend to wait until the last minute to raise funds, out of the firm beief thet the BOJ
will pump the necessary money into the market. Thus, the BOJ s accuracy in supplying
funds to the market has two conflicting effects on arbitrage between the TN and ON rates,
and it isdifficult to say which is sSronger.

4.4. Implicationsfor Other Very Short-term M oney M arkets

The Eurccurrency market for UK pound sterling and the US dollar does not have the
Jgpanese problem of time differences, and thus, ON trading exids. In the United States,
funds procured via the repo market can be received on the day of the trade (t+0) and 0 it is
possbleto rase fundsat the ON rate. Therefore, unlike in Japan, those seeking to procure
funds probably find it eesier to do so from both the ON and TN markets, and thusit islikey
that arbitrage between the two markets is eesier.

But & the sametime, in the U.S, for example, large money center banks are able to
procure funds for alonger period of time than foreign banks are able to. > Because of this, in

the event that foreign banks need alarge amounts of funds, they mogt likely will obtain funds

24|t is said that the BOJ and other banks slapped “sanctions’ on banks that continued such practices by refusing
to supply funds until the end of areserves maintenance period.



swiftly, induding through forward rates such asthe TN rate, and it istherefore possible that

there is no complete arbitrage between the ON and TN rates.
5. Estimations of Predictability

In the previous section, wediscussed severd factors preventing market participants

from explaiting arbitrage opportunities. Examples are market practices that limit overnight
fund procurement by securities companies, a“Chinesswadl” for intracompany fund
transactions, and the centrd bank’ s commitment to supply funds accurately to the market. In
addition, the degree of arbitrage between the ON and TN interest rates varies according to the
amount of transactions in the market. Common knowledge among participantsisthet the
interest rate tendsto rise with larger transaction amounts which is substantiated by Furfine
(2000) for the US federd funds market. Based on these findings, we estimate different
degrees of predictability of the forward interest rate according to the current forward- spot
goread, which is possbly affected by the transactions amount.

5.1. Basc Equations

We begin with the standard equation, (2.4), based on the rationa expectation

hypothes's, as discussed in section 2. Let ON, betheinterest rate on aone-day maturity spot

contract and TN, be theinterest rate on aone-day meturity one-day forward contract. From
the rationd expectation hypothes's, we have

ON,,, = E,(ON,,,) +e.,, (5.1)
wheree, ,; isorthogond to the information avallable on day t. In addition, by assuming thet

the forward interest rate, TN, , is an unbiased estimator for ON, ., we have

18

25 Money center banks continue to procure funds into the evening, but it is said that foreign banks, with the



18

ON,,; =TN, +e,,,. (52
Note that this assumption may be violated if market participants have asymmetric loss
functions and congraints whose possihility is discussed in the previous section. Wefollow
genera convention and assume the interest rate processisaunit root. Therefore, we take
differences and the test equation becomes:

ON,,; - ON, =a +b(TN, - ON,) +e,,, (5.3)
withthenull of a =0 and b =1. Edimation results are reported in Table 5.1.
Wefind that whilethe coefficent of b issgnificantly different from zero for every
currency except for the Japanese yen, wergect thenull of b =1 a the 1% level except for
the UK Euro-geling. These results are congstent with the exiting literature on longer
interest rates. Euro-gerling and Italian domedtic Lire have high esimatesforb  at the very
short end of the maturity horizon, adding further evidence for the predictability smile. This
result, however, may not be a common fegture across different currencies, snce the
Eurodallar and the Japanese yen forward rate have arather low predictability of b = 0.17
and b = 0,09, respectively.?®
5.2. Asymmetric Predictive Power Equations

In an attempt to capture the asymmetric procurement behavior dependent on the
forward-spot spread, we split the sample into two sub-samples and esimateb separately for

each. We obtain an estimate of the predictability coefficient, b, , when the forward rateis

exception of some creditworthy European banks, do not procure funds after 5 p.m.

26 \We also observe anegative a for Itdian Lire. A negative @ impliesthat the TN rate has a constant
positive term premium over the ON rate. The pure version of the expectations hypothesis does not allow for a
non-zero a . However, since the non-pure version of the expectations hypothesis does allow for non-zero a
we do not pay much attention to the significance of a .
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larger than the current spot rate, and an estimate of the predictability coeffidient, b, , when

the forward rate is smdler than the current spot rate. Hence, equation (5.3) becomes

ON,,; - ON, =a;I(TN, - ON, >0) +a,I(TN, - ON, <0)
+ b, (TN, - ON,)I(TN, - ON, > 0)
+ b, (TN, - ON,)I(TN, - ON, <0) +e,, (5.4
The results of this esimation are shown in Teble5.2. Themain resultsare asfollows:

» For every currency, b, issgnificantly different from (higher then) b, .

* For UK eurogterling, Itdian Lire and Japanese Yen, b, isnot Sgnificantly different

from 1 a the 10% level, and for Eurodollars and Jepanese yen, b, isnot Sgnificantly
different from O & the 10% levd.

* a, and a, are omeimes Sgnificantly different from zero.

Thethird result is understandable when we consider each financid ingtitution's transaction
cod. Inthe marketsfor Eurocurrency time deposits, mogt transactions are implemented
through brokers who charge a 0.02% commission to both Sdes. Moreover the inditution
incurs an additiona cost for speculating, such as back office expenses and gamp duties.
Hence, unlessthey can expect more than 0.04% in profits, inditutions do not speculate with
TN, and ON,,,.

However, the key result isthefirst point; that for every currency b, issignificantly
higher then b,. Thisfinding ssemsto be quite robust Snce we obtain very high t-setistics to
rgect b, = b, acossdl currendies. Following from the indtitutiond discusson of section 4
we expect that the extent of arbitrage will depend on the Sign of the forward-spot spread.
The estimation results here are clearly consistent, not only with the Japanese market, but also,
with other foreign markets Snce b, is not necessarily sgnificant and thet b, isaways

smdlerthanbz.



To andyze the liquidity demand in the Japanese very short money market a the end
of aquarter, amonth or areserve maintenance period, Saito et d. (2001) introduced severd
dummy variables. Our concern hereisto know if we till meintain the property of b, * b,
even dter isolating the end- of-term effect on the predictive power. The ediméation results
with these dummies are shown in Table 5.3. There is not muchconspicuous difference from
Table5.2in rgectingb, = b, . Rather, what is striking isthe not significant but negetive gs
across currencies. Espedidly, the coefficients for end- of-quarter dummies are negative except
for the U.S. Eurodollars, which may imply thet the redlized ON rate on day t+1 issmaller
thanthe TN rate on day t.

In order to see the extent that the current forward-spot oread affects the future

interest rates, we examine longer maturity bonds. 1n these Eurocurrency and domestic

money markets, there are longer maturity bonds, such as one-week or two-week bondswith
which we can easily implement our non-standard estimetion for predictability. For
currencieswith available data, there are a most three sets of equations to be estimated.

Following (5.3), we have

ON.,, +ON SN, + TN

%-omzam(;-om)mm, (55)
6

%é ON,, - ON, =a + b(%JWt - %ONt) +e,,, (56)
i=1

18 14 1

Eé ON,,; - ON; =a+b(-2W, - ON,) +e.s, (5.7)
i=1

where SN, isthe gpot next interest rate, W, isthe one-week interest rate and 2W, isthe two-
week interest rate. As before, by dividing the sample according to the Sign of the oread
between the yield on the longer maturity and the overnight rate we obtain equations with

which to test for the asymmetry:
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M_ ON, =a,I(- >0 +a,l(- <0)
+b,l(->0)+b,I(-<0) +e,, (5-8)
6
%é ONt+i - ONt :ail(' >O)+a2|(' <O)
i=1
+b,l(->0)+b,I(- <0) +e,, (59)
1

G iONt+i -ON, =aI(- >0) +a,l(- <0)

+b,l(->0)+b,I(-<0) +e, (5.10)
The results of the estimation are displayed in Table 5.4. Sample periods differ from Table
5.2 dueto the avallability of data. Agan we have afew common results across currencies:

» With longer maturities b isunchanged or sometimes Sgnificantly larger insze.

 Except for Itdy, as the maturity becomes longer, we tend not to rgect the null
hypothessof b, = b, .

The degree of arbitrage between the very short-term spot (ON) and forward (TN or
SN) rates are serioudy affected by the current forward- spot spread, while arbitrage between
the ON and longer maturity interest ratesis relatively stable over the change in the forward-
spot spread. Thelogic hereis that alarger transaction amount, resultsin a higher forward
spot spread, forcing banks, in fear of an increased probability of an overdraft, to securea
certain amount of fundsin the TN or SN markets. In contragt, if the larger transactionis
temporary, the longer-term interest rate will not respond, and thus the longer forward-spot
spread will be unchanged.
6. A Theoretical Mode of Asymmetric Predictability
6.1 A Threeperiod Model of the Bond Market

To explain the asymmetric predictability, which is especidly conspicuous a the

shortest maturities, we want to isolate factorsespecidly relevant for the very short-term



money markets. In this section we deve op a three period modd that combines an
asymmietric loss function with ingtitutional condraints to explain the estimated asymmetry.
There aretwo cruca market ingitutions embodied in the modd:

« There exigs a pendty for overnight overdrafts®’

 Even if abank needsto borrow fundsinthe current period, there are limitations.
Banks must therefore, prepare one period ahead.

The second assumption, in particular, is based on our observation that securitiesfirmsin
Jgpan procure only in the TN market and not in the ON market, and that banks tend to obtain
a cartain amount of TN funds because of the implicit barrier among procurement sections and
the fear of the overdraft.?®
6.2. The Bond and Reserves Mar ket

Lett, t+1 and t+2index time. A bank can participate in the bond market at the dart
of eech day. There are bonds of two different maturities overnight and two-day. These
bonds are reimbursed a price equa to ane a maturity. Funds from the sde of bonds convert
into reserves. However, when bonds are rembursed before maturity, their priceisuncertain.
Findly, bank s purchase or sel bonds, but is assumed not to short sdll them.
6.3. Bank’s Cost Minimization

Among its entire asset portfolio, a bank has a choice of purchasing overnight and/or
two-day bonds. In addition, Snce holding reservesis generdly regarded as cosly, we
assume that banks attempt to reduce their holdings of excess reservesto zero. Banks,

however, are faced with possible exogenous shocksto their level of reserves. If reservesdo

%" Thisisan actual market practice that Furfine (2000) incorporatesinto his model for the US federal funds
market.

28 This assumption isalso adopted in Holmstrom and Tirole (2001). However, their justification of the
assumption is different from ours.
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drop below zero, banks are pendized by the overdraft amount. In order to avoid the pendty
for overnight overdrafts, abank would, therefore, keep thelr reserveleve postive by
redeeming overnight or two-day bonds a the beginning of the day. Consdering thistrade-
off, abank determines the amount of bonds purchased and reserves held, to minimizeits
expected cost. For amplicity, shocksto reserves occur only on day t+ 1, and no reserve
shocks occur on either day t or day t+2. We assume the shock isnormdly digtributed with
mean zero and variance one. Therefore, the expected cost minimization of abank can be

written asfollows

min E.[a (0 - 9+ B(Q - @) + E(C...)] (6.1)
{b,.B} | |
0 X, % -h - aB

where C,,, = : _
i-d(b +aB +x,,) ;otherwise

X, ~N(01),ad
E (@) =1.

b, isthe amount of overnight bonds purchased and q, isthe price of overnight bonds. B,
and Q, arethe corresponding amount and price for two-day bonds, and a isthe uncartain
payoff when two-day bonds are reimbursed before maturity. C,,, isthe pendty for

overdraftsand x,,, isashock affecting the reserveslevel. The expected valueof C,,, is

¥ ¥
E,(C, )= oh@) & C, ,f(x )dx ,  da
¥ - ¥ (6.2)
¥
=-q oh@)[(b, +aB,)F (-b, - aB)- f (-b, - aB,)da
- ¥

Differentiating the bank’ s cost function with respect to b, and B, , wehave
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¢ =1+q g (-b - aB)h(@)da (6.3
Q =1+q (pF (- b, - aB,)h(a)da (6.4

and cov(a ,F (- b, - aB,)) <0, whichimpliesq, > Q,. Wecan then define the overnight
forward interest rateonday t as

fiu © 0 - Q >0. (6.5)
Sinceabank isrisk neutrd, its rate of time preference is zero, and no shock to resarvesis
expected on day t+2. Therefore,

E,(i,,) =0. (66)
Given(6.5) and (6.6), we have

i (°1-09) <E(i) < faCa-Q). (6.7)
In the case of ashock on day t, when we estimate equation (6.4), the null of the expectation
hypothes's, b, =1, will bergected. In contrast, when thereis no shock to reserves,

e = Ein) = fons (68)
and there will be no deviation of the forward rate from the expected future spot rate. In this
case, the efficient market hypothes's of b, =1 islesslikdly to bergected.

Here we have modded only the demand Sde of the market and not the supply sde.
Thisisjudified by our observation thet participants on theinvestment sde of the very short-
term money market dter thair portfolios lessfrequently than participants on the procurement
sde. Overdl, the settings and implications of this Smple modd are congstent with our
inditutional observations and empiricd results in which we find an asymmetric

predictability of forward rates
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7. Alternative Explanationsfor the Predictability Failure
In previous sections, the reasonswe have focused on for the predictability falure are
condraintsto arbitrage between E(i,,,) ad f, ... Wedsofindtha varying degrees of

arbitrage leads to the asymmery in predictability. Of course, thereare other possible reasons
for the failure and asymmetry. Nevertheess, not dl the possible factors can be covered in
thisartide, and thus, we limit our focus to one additiond factor, which is the erroneous
anticipation of future monetary policy. Thisfactor can bedassfied as a deviation from the
rationd expectation hypothess, one of the three possble mgor causes for the predictability
falure Thebadscideaisthat if predictions of future monetary policy by market participants
are poor, then the predictive power of the future rate will differ depending on whether we are
looking at the period immediately following a policy change or the next period up to the next
policy change.

As our measure of monetary policy we use the federd funds target rate, not only
because it is the primary monetary policy tool used by the Fed, but aso becauseit is changed
infrequently. Since 1995, on average, more than 50 day's € gpse between federd funds target
rate changes by the Fed, with the shortest interval between changesbeing 12 days. Thus,
market participants are less likely to anticipate future monetary policy changes during the
period immediately following the most recent policy change. Hence, by comparing the two
ub-samples, the sample fallowing a change in the target rate and the sample leading up to
the next change, in terms of their predictability performance, we can check whether the
correct expectation of the future federd funds target rate changeisembodied inthe TN rate.

Our objective isto investigate whether erroneous anticipation about future monetary

policy can cause the unsatisfactory predictability of the forward interest rate. Whilethis
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objective is the same as BBF' s, our methodology differs. BBF formulate an equation for the
future federd fundstarget rate change that alows continuous changes in the target rate.

Their mode, however, ignores an important aspect of target rate changes—the minmum
changein thetarget rateisby 0.25%. Thisislarge enough to be cdled adiscretejump. Asa
result the methodology we propose is much Smpler and more sraightforward than what BBF
do, in that we do not have to undertake the arduous task of formulating the federa funds
target rate process.

Basad on the estimation methodology of section 5, we further divide the sample into
two periods. days right after a FF target change and the days up to the next target change. If
BBF are correct, predictability following achange must be sgnificantly higher then for the
period leading up to the next policy chenge. We dso maintain the divison of the sampleiinto
two components according to the Sgn of the forward rate minus the current spot rate. Hence,

in each of the estimation results, b is estimated separatdly for four sub-samples. We

therefore obtain estimates of the predictability coefficent, b, wherei=1, (2) indicates

ij
whether the forward rateislarger (smdler) than the current spot rate and j=1, 2, indicatesif
it isthe period right after the policy change, j=1, or the period leading up to the next policy

change, j=2. Wedso vary the length of the period in days, represented by X, after apolicy
change. For our estimationswe vary X from 10to 60. Results usng Eurodallars are shown

in Table7.1 and Figure 7.1.%° The main observations are summarized as follows

* For every vaue of X, b,, issignificantly larger than b,,, and b, islarger than b,,,
dthough the difference is nat Sgnificart.

* As X increases, the gap between b,, and b,, shrinks and becomes less significant.

29 Our measure of policy changesis, as discussed, represented by changesin the federal funds target rate.



These results are consstent with our prediction based on BBF. In particular, when
the forward rate is lower thanthe current pot rate, predictability right after the FF rate
changeis 9gnificantly higher than predictability for the following period leading up to the
next policy change. In contrast, when the forward rate is higher than the current spot rate,
predictability does not differ sgnificantly between the two sub-samples
8. Conclusion

This paper revigts the rdaionship between the forward interest rate and the spot
interest rate a the shortest maturities for Eurodollars, Eurogterling, the domestic Japanese
Y en and the domedtic Itdian Lire markets—a st of interest rates that have not been fully
utilized in the literature. Through interviewswith participantsin the Japanese money market,
wefind that itis possible for the forward rate to fall in predicting the future spot rate largdy
because of saverd market condraints. These condraints indude overdraft pendties and the
inability of securitiesfirmsto procure fundsin the ON market. Furthermore, these
congraints are found to be binding on some occasons, but not others. Based on these
inditutiond accounts, we find empiricaly striking pieces of evidence for asymmetric
predictability. The asymmetry occurs when the forward rate minus the current pot rateis
ether postive or negative. The esimated coeffident of predictability is Sgnificantly larger
when the spread is negative. We dso develop asmple theoretica framework, which may
explain thisasymmetry. Both the estimation results and the theoreticd modd are consgtent
with our inditutiona findings. Surdly, this aspect of market behavior accounts for only a
limited portion of the entire predictability failure, and so there mugt be other causes. One

posshility isthe erroneous anticipation of the monetary policy.
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Although we have proposed severd explanaionsfor the asymmetry in predictability,
thereis il further need for investigation. In our theoretical modd, random fluctuaionsin
reserves coupled with an asymmetric loss function and divided forward and spot bond
markets give rise to the insufficient predictability. Therefore, to check the vdidity of the
modd, data on the exogenous factors affecting reserves are needed. Also, knowledge of the
market ingitutions in countries other than Japan will enhance our understanding of the cause

of the predictability failure.
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Table 5.1 Edimates of Predictability

ON,,- ON, =a +b(TN, - ON,) +e,,, (5.3
a B Forp =0| Forp =1

U.S. Eurodollars: 1/9/95-12/31/99 0.003 0170 xR x xR x

(1299 0bservations) (1.091) | (2878)

UK Eurosterling: 1/9/95-8/9/2002 -0.014 0.890 *x

(1970 0bservations) (-0657) | (11439

Italy domestic Lire: 4/4/88-87/2002 -0.204 0.6 *kk *kk

(3742 0bservations) (-757/) | (17.113)

Japanese domestic Y en:5/19/94-11/14/97 -0003 0.087 *Ex

(864 observations) (-1138) | (0418

Note: t-valuesin parentheses.*** ** * denote significance level of 1%, 5%, 10% respectively.

Heteroskedasticity and autocorrelation consistent covariance is employed for standard errors.

Table 5.2: Edimates of Asymmetric Predictability

ONyy - ON; =a;1 (TN, - ON; >0) +a ,I (TN, - ON; <0)
+ b, (TN, - ON)I(TN, - ON, > 0)
+ bz(TNt B ONt)I(TNt - ON; < 0 T
where | (¥ isanindicator function equal to 1 if the condition in the parenthesesis satisfied, and is equal to 0

(5.4)

otherwise.
TN-ON>0

al B1 ForB 1=0 | Forp 1=1
U.S. Eurodallars: 1/9/95-12/31/99 0028 -0002 *E K
(1299 observations) (4634 (-0.036)
UK Eurogterling: 1/9/95-8/9/2002 0.070 0.469 *H *Hk
(1970 0bservations) (1457) (4611)
Italy domestic Lire: 4/4/88-87/2002 -0.178 0.6809 *Hx *Hx
(3742 0bservations) (-5975) (15932
Japanese domestic Y en:5/19/94- 0009 -0.098 > E
11/14/97(864 observations) (1.646) (-0444)

TN-ON<O ForB 1=

a2 B2 For 2=0 | For3 2=1 B2
U.S. Eurodallars: 1/9/95-12/31/99 0.006 0.252 ** *hx *
(1299 observations) (0.338 (2018)
UK Eurogterling: 1/9/95-8/9/2002 0.095 0.976 *Hk * ok
(1970 0bservations) (4.041) (4885)
Italy domestic Lire: 4/4/88-87/2002 -0.1%4 1121 *kx xRk
(3742 0bservations) (-3023) (6927)
Japanese domestic Y en:5/19/94- -0008 09r7 xRk *kk
11/14/97(864 observations) (-2621) (1254

Note: t-valuesin parentheses.*** ** * denote significance level of 1%, 5%, 10% respectively.
Heteroskedasticity and autocorrelation consistent covariance is employed for standard errors.
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Table 5.3. Edimates of Asymmetric Predictability with dummy varigbles
ONy,; - ON; =a4I (TN, - ON, >0) +a,l (TN, - ON; <0)

+ b, (TN, - ON)I(TN, - ON, > 0)

+b,(TN, - ON,)I (TN, - ON, <0)

+9,0F,, +g,O0TMF,, +g;MPL,,

+d, (MonetaryPolicyChange ) +e,,,

where | (% isanindicator function equal to 1 if the condition in the parenthesesis satisfied, and is equal to O

otherwisg QF isthe dummy for the end of aquarter, OTMF isthe dummy for the end of amonth but the
quarter end, and MPL isthe dummy for the end of areserve maintenance period. Since the UK and Italy do not
have amultiple day reserve maintenance system at |east some periods in the samples, they do not have MPL in
the estimation.

TN-ON>0
al B1 For 1=0 | For3 1=1
U.S. Eurodollars: 1/9/95-12/31/99 0.030 -0.081 *hx
(1299 observations) (4.862 (-1557)
UK Eurosterling: 1/9/95-8/9/2002 0.069 0.469 *E K *E K
(1970 0bservations) (1435) (4.608)
Italy domestic Lire: 4/4/88-87/2002 -0.174 0.6809 xRk xRk
(3742 0bservations) (-5815) (15.921)
Japanese domestic Y en:5/19/94- -0001 0377 xRk >k
11/14/97(864 observations) (-0492) (3072
(continued from the above) TN-ON<O For 1=
a2 B2 For 2=0 | For3 2=1 B2
U.S. Eurodollars 0.006 0.264 ** *Hk *x
(0.359 (2110)
UK Eurosterling 0.095 0.976 *HE * ok
(3928) (48.76)
Italy domestic Lire -0.152 1121 *Hk * ok
(-3002) (6.928)
Japanese domestic Yen -0008 0980 *kx xRk
(-2562) (12.68)
(continued from the above) y1 y 2 y 3
U.S. Eurodollars 0.141 0.035 -0003
(2324) (1477) (-0.324)
UK Eurosterling -0080 0.055
(-1.269) (0565)
Italy domestic Lire -0.065 -0079
(-0371) (-0.658)
Japanese domestic Yen -0007 0.003 -0006
(-0461) (0.990) (-0.848)

Note: t-valuesin parentheses.*** ** * denote significance level of 1%, 5%, 10% respectively.
Heteroskedasticity and autocorrelation consistent covariance is employed for standard errors.
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Table 5.4. Edimates of Asymmetric Predictability for Longer-term Maturities
ON,, - ON, =a +b (TN, - ON,) +e,, (5-3)
ONg - ON; =a3l (TN - ON; >0) +a ,I (TN, - ON; <0) (54)
+ b, (TN, - ON,)I(TN, - ON, > 0) + b,(TN, - ON,)I (TN, - ON, <0) +e,,,

Mee ~ M- o, =a+ b T 0N +e, (55)
18 _ 7 1
—a ON,, - ON, =a+b(=MW, - =ON,) +e,,, (5.6)
6 6 6
18 14 1
—:21 ON,, - ON, =a + b(EZV\/t - ﬁON‘) +€,11 (57)
Table 5.4a US Eurodollars 1/9/95-12/31/99 (1299 observations)
B B | B | ForB B
(5.3 (X
T-day ahead || 0.170 2.879) 0002 (-00%6) | 0252(2018) | *(3402)
(5.5 (58)
2-day ahead || 0.222 (3426) 00E0(-1038) | 0.315(2498) [ **%(6.759)
(5.6) (59)
6-day ahead || 0.377(5576) 0.254 (4074) [ 03B2280) | (0225
Table 5.4b: UK Eurogterling 1/9/95-8/9/02 (1970 observations)
B B | B | ForB B
(5.3 (5.4
T-day ahead || 0.890 (1144) 0469 (4.611) | 0076 (4885) | % (22.27)
(5.5 (58)
2-day ahead || 0.911 (1494) 0554 (5670) | 0990 (1413) | ***(19.60)
(5.6) (59)
6-day ahead || 0.798 (2064) 0532 (5805) | 0.844 (103.0) % (11.34)
(5.7) (5.10)
13-day 0.834 (29.76) 0.717(9.03) 0.925 (132.77) %% (6.76)
ahead
Table 5.4c: Itdian Domestic Lire 4/1/93-12/29/98 (1499 observations)
B B | B | ForB B
(5.3) (X))
T-day ahead || 0596 (7.783) 0.569 (4.921) | 0694 (5.259) (0500)
(5.5) (58)
2-day ahead || 0.67(1093) 0.670(7.301) | 0.703(6.274) (0.059)
(56) (59)
6-day ahead || 0.554(12.20) 0511(6.929) [ 0.761(11.03) **(6.275)
(5.7) (5.10)
14-day 0.631(1048) 0597(5.186) 0.839 (1378) *(3407)
ahead

Note: t-values in parentheses. The rightmost parentheses are for F-values. *** ** * denote significance level of

1%, 5%, 10% respectively.
Heteroskedasticity and autocorrelation consistent covariance is employed for standard errors.
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Table 7.1. Evidence on the Baduzz, Bertola and Fores Hypothes's

ON,,; - ON, =a +Db;; (TN, - ON,)I (TN, - ON, > 0 & FirstxX days>after xtarget xchange)
+ b, (TN, - ONy)I (TN, - ON, <0& >FirstxXdays
+ b, (TN, - ON)I(TN, - ON, > 0& Restxof xday9

+ b, (TN, - ON,)I (TN, - ON, <0 & Rest>of >xdayg +e,,,, (5.5
where X varies (taking the values from 10 to 60, increasing by 10).

U.S. Eurodallars: 1/9/95-12/31/99
(1300 observations)
TN-ON>0 TN-ON<O For
First X days | Remaining days | First X days | Remaining B 21=p 22
days

X |1B11 B 12 B21 B 22

10 0.087 0.019 0682 0259 **%(6.839)
(0.705) (0406) (4.860) (2576)

20 0.100 0011 0.703 0.25%6 ***(8.286)
(0897) (0238 (5.187) (2555)

30 0072 0012 0.712 0249 ***(11.52)
(0:748) (0252 (6.220) (2478)

40 0073 0014 0489 0252 (1561)
(0.771) (0292 (2839) (2425)

50 0074 0.013 0450 0249 (1420
(0.794) (0271) (3.066) (2343)

60 0.079 0011 0335 0255 (0.698)
(0854) (0239 (2991) (2.350)

Note: t-valuesin parentheses. The rightmost parentheses are for F-values. *** ** * denote significance level of
1%, 5%, 10% respectively.
Heteroskedasticity and autocorrelation consistent covariance is employed for standard errors.
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Note: This figure plotsthe changesin b across different estimates (from Table5.2). The small squares and
small triangles provide atwo standard deviation band for the days after the change and the remaining days

respectively.

FHaure 7.1b: Change in Predictability (TN-ON>0)
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