Fluctuations in Yields on Bonds
—A Reassessment of the Expectations
Theory Based on Japanese and U.S. Data*

HIROMICHI SHIRAKAWA**

I. Purpose, Structure and General Outline

In Japan in recent years, the yields on bonds have been subject at times to sharp
fluctuations due to vigorous trading resulting from the steady progress in liberaliza-
tion and internationalization of financial markets . Since particularly in recent days
the volume of trading in long-term bonds in a very short period of time has substan-
tially increased, fluctuations in the yields on long-term bonds have exceeded those in
short-term interest rates. Many writers have drawn the comparison with the United
States, which also has experienced marked fluctuations in yields since the second half
of the 1970s. ‘

The most prevalent explanation of fluctuations in yields on bonds (long-term
interest rates) has long been the expectations theory of the term structure, which
posits that the yields reflect the market expectations for the future short-term interest
rates. The “pure expectations theory” argues that the yields are determined as the
weighted average of the current and future short-term interest rates, while the “con-
stant risk premium hypothesis™ asserts that a constant risk premium should be added
to the weighted average. These standard theories had been relatively valid in explain-
ing the variability in yields until the early 1980s in Japan and until the mid-1970s in
the United States (Kuroda(1982), Shikano(1984), and Modigliani—Shiller(1973)).
However, is it still possible to account for the large fluctuations recorded in recent
years satisfactorily by these conventional hypotheses? If these hypotheses are in-
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adequate, then what kinds of alternative hypotheses could prove to be adequate for
an explanation of the phenomenon? This paper aims to present a possible solution to
these questions through the empirical analyses of yields in both Japan and the United
States.

The analysis in this paper contains several innovative approaches. First, we
employ the variance bounds test, that is used in studying the wildly fluctuating asset
prices, such as exchange rates and stock prices. This test serves to examine whether
the sample variance of yields on bonds (holding period yields) exceeds the theoretical
upper bound in the context of the rational expectations model. If the theoretical
bound is exceeded, the fluctuation in yields is judged to be volatile. By carrying out
this test, we are able to verify the rationality of market expectations, which has,
heretofore, not been subject to independent discussion. This paper makes a detailed
study of this issue.!

Second, a time-varying risk premium (hereafter referred to as the “variable risk
premium”) is introduced explicitly into the empirical analysis.? Traditional analyses
had treated the risk premium as a constant; but in this paper, we consider it as a
time-variable in order to gauge the volatility of yields on bonds.

Third, a series of empirical works is conducted in the same procedure in both
Japan and the United States, and the comparison of the results is also made. This is
done for the purpose of determining whether the variability in yields on bonds in
both countries could be explained by the same hypothesis, or whether the different
hypothesis would be needed. The comparative study is helpful to drawing the im-
plications for monetary policy of each country.

The contents of this paper are organized as follows. In II, we summarize the
standard expectations theory of the term structure, and make intuitive study on its
validity. Then the variance bounds inequalities are examined for the sample data sets
of holding period yields. In III, based on the results of the variance bounds tests, we
present a theoretical interpretation of volatility of the yields; at the same time, the
rational expectations hypothesis and the standard theory of the term structure are

1. The exsisting econometric analysis on the term structure equations must assume the rational
expectations hypothesis because it satisfies the orthogonality requirement, which ensures the
consistency and unbiasedness of estimated parameters, in the ordinary least squares estimation
(cf. III. 1. B.). But when the expectations of market participants are not rationally formed, the
reliability of the empirical results may be seriously questioned. From this standpoint, there is
significance in testing the rational expectations hypothesis independently.

2. Recently, in the analyses of investor behaviors under uncertainty, such as the capital asset
pricing model (CAPM) and so forth, the determination of bond yeild as an asset price, as well
as the role of the variability of risk premium, has been frequently discussed. The possibility of
the existence of the variable risk premium has been suggested in Japan’s bond market since
mid-1981 (see Shikano (1984)).
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tested independently.® Consequently, IV analyzes whether the variable risk premium
can explain the failure of the yields to behave according to the standard rational
expectations model. Finally, in V, we draw some concluding remarks and discuss
future problems. The analysis of this paper covers the period of approximately ten
years, April 1977 to June 1986 (hereafter referred to as the “whole period”); howev-
er, where necessary, it also covers the last five years (April 1981 to June 1986,
hereafter referred to as the “recent period”).

The major conclusions resulting from the above analyses can be summarized as
follows.

(1) Results of the variance bounds tests applied to the ten years, 1977-86,
show that the yields on bonds in Japan and the United States are too volatile to
accord with the standard rational expectations model. The volatility of Japanese
bonds is noticeable especially in recent years (1981-86). The degrees of excess vola-
tility, moreover, are in general higher in the United States than in Japan. From this
study, it is evident that applying the standard expectations theory to the explanation
of fluctuations in yields is highly inadequate in the United States, and is becoming
increasingly difficult in the case of Japan. .

(2) The volatility of the yields in both Japan and the United States may be
attributable to the irrational expectations in the bond markets. In other words, it is
possible that the investors do not forecast the yields efficiently by using all informa-
tion available and that the data are inconsistent with the rational expectations
hypothesis (the market efficiency hypothesis). But, at the same time, we cannot
exclude the scenario that the variable risk’premium plays a crucial role in making the
yields volatile. This scenario would be especially applicable to the data of recent
period in Japan. In this instance, it means that in addition to the current and the
future short-term interest rates, the other information (such as yields on U.S. bonds
and foreign exchange rates) strongly influences the determination of yields taking the
form of variable risk premium.

(3) In Japan, with the data of 1977 to 86, the hypothesis that the variable risk

3. Once the standard theory of the term structure turns out to be invalid, one of the following
alternative hypotheses has the possibility to explain the fluctuations in yeilds, and we need to
test these alternatives; (D the hypothesis that variable risk premiums may exist; @ the “myopic
expectations hypothesis” based on the assumption that investors may over react to the current
information (short-term interest rates); @ the “static expectations hypothesis” which assumes
that the expected yield of the next period is equal to the current yield.
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premium causes the excess volatility of yields on bonds is generally accepted.* This
indicates that, if we permit the risk premium to vary over time, the fluctuations in
yields on Japanese bonds are consistent with the rational behavior of investors.
However, regarding the observation that the yields have seemed much more volatile
in recent days, the volatility may have been chiefly ascribed to the extremely short-
term trade of bonds promoted by the Japan’s distinctive system of settling bond
transactions (settled on the tenth, twentieth, and the end of each month). It can be
interpreted as a sort of “quasi-bubble” phenomenon, whereby the yields including
the risk premiums, deviate greatly from the theoretical value.

(4) On the contrary, in the case of the United States, it is difficult to attribute
the excess volatility of yields solely to fluctuations in the variable risk premium. In
other words, the yields on U.S. bonds are so volatile as to be inconsistent with the
rational behavior of investors, even if the variability of risk premiums is hypothe-
sized. The irrational behavior of market participants might explain the large volatility
of yields; although, on the other hand, “information shocks” to the market, which
can not be included in the equilibrium model on this paper, may occur to make the
yields move violently in a direct manner.

(5) We can point out the implications for monetary policy in each country. For
monetary authorities in Japan, to evaluate the transmission mechanism of interest
rates, it is inadequate only to see about the short-term interest rates but necessary to
consider various informations (such as yields on U.S. bonds, foreign exchange rates,
etc.) that influence the formation of the variable risk factors and to estimate their
effects on the mechanism. The results of analysis on U.S. bonds yields implies that if
monetary authorities are aiming at stabilizing fluctuations in yields, to minimize
information shocks woudd be needed. Suppose information shocks are caused gener-
ally by monetary policy uncertainty, it is of great consequence that monetary policy is
implemented with stability to remove it.

4. Kuroda (1982) and Shikano (1984) have made the empirical analyses (for the period 1977-81)
of Japan, which indicate the validity of the “pure expectation theory” or the “constant risk
premium hypothesis.” These results of the two papers may seem inconsistent with the “variable
risk premium hypothesis” in our study. However, the inconsistency can be reconciled under the
following consideration: Their estimations surely assume the rational expectations hypothesis.
Supposing the validity of this premise, their studies are not inconsistent with our results. This is
because my empirical work shows that the fluctuations in risk premiums are much smaller in
the period prior to 1981 than in the recent period, and we can interpret the risk premium in
their studies as zero or constant. On the other hand, even if the the rational expectaions
hypothesis is invalid and the reliability of their results is weakend, the existence of variable risk
premium can not be denied.
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II. The Standard Expectations Theory of the Term Structure and Its
Validity

1. The Standard Expectations Theory of the Term Structure

The standard expectations theory of the term structure is designed to explain
long-term interest rates (yeilds on bonds) in terms of the investor’s forecasts or
expectations on future short-term interest rates. There are two major theories, the
“pure expectations theory” and the “constant risk premium hypothesis” depending
on efficacy of expectations factor in fluctuations in long-term interest rates. The term
structure theory in this paper is premised on the expectations theory, which assumes
the existence of constant risk premiums (hereafter referred to as the “standard
theory”).” The constant risk premium is what the investor receives to compensate for
the risk entailed, which, for instance can be interpreted as the price fluctuations risk
in an uncertain world. If the risk of price fluctuations becomes larger in proportion to
the years to maturity, the constant risk premium will be described as the “liquidity
premium” of Hicks’.

From the viewpoint of the standard theory, as a result of the investor’s arbitrage
behavior, the expected one-period holding yield on an n-period bond equals the
short-term interest rate corresponding to the holding period plus the constant risk
premium in the equilibrium:

Et[H{l+l l It] =r+¢" (1)
where - .
Hp,, = St _nPt +C )
Pt

E, [[I]: expectations operator conditional on information available at time t,
L
Ht+1: one-period (t—t+1) holding yield on an n-period bond (the ratio of
holding period return, which is coupon plus any capital gains or losses,
to its purchase price)
r, : one-period short-term interest rate (yield to maturity on a one-period
bond)
$ ™ constant risk premium of bonds on an n-period bond
P} : price of an n-period bond

5. This is due to the reasons as follows: Our analysis aims at clarifying what kind of theoretical
framework serves to explain the fluctuations (variance) in yields on bonds. In this context, the
zero risk premium hypothesis and the constant risk premium hypothesis should be treated as
being of equivalent importance and the former is considered as a special case of the latter.
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C : coupon payment (equals coupon rate multiplied by redemption price)

In order to obtain the term structure equation (the equation relating yield to a
weighted average of expected future short-term interest rates), one-period holding
yield, HY+1, must be expressed by the yield to maturity on n-period bonds RY.

The relation between the price of bond and compound yield can be written as
follows:

C R{—C
PTRETRIUTRD ¢ ®

Equation (2) may be rewritten, using(3), in terms of R} and R}+{. As Shiller
(1979) shows, the approach will be to linearize around R=R}71=C (that is, take a
Taylor expansion truncated after the linear term) to give us a linearized one-period
holding yeild.

Rf — 7RI

H?—i—l: 1_7

(4)

where

r—r" 1

=1y - 7TIIR

R: average yicld of bonds at time t and t—1.
Substituting this expression for H{+; in place of H}+; in Equation (2) and rear-
ranging gives:

RP = 7E[REL]+ (1= 7)(re+ ¢") (5)

which is a first-order linear expectations difference equation in R} with variable
coefficients. Such a model can be solved by a method of recurvise substitution that is
familiar in the rational expectations literature. The resulting solution is the term
structure equation expressed as follows.®

RR= -y S n
t =71 7n5=07’ Edress|l]+ @ (6)
where,
1- Y = n-s
n—
o =1 7,,5:()75«15

6. For the details of derivation of these equations, see Kuroda (1982) and Shikano (1984).
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2. The Validity of the Standard Theory

A. Ex-post Rational Rates and Observed Data — Figure 1 and Figure 2

We first try to understand intuitively whether the actual fluctuations in yields on
bonds in Japan and the U.S. can be explained validly by the model employing the
standard theory (that is, Equation (6) or Equation (1)).” The intuitive understanding
can be dealt with thus: “Supposing the model on Equation (6) is able to account for
the fluctuations in yields, that is to say, yields are basically expressed as the weighted
average of short-term interest rates, the fluctuations in yields should be smoother
than the fluctuations in short-term interest rates, unless the market expectations to
the future short-term interest rates fluctuate violently.”

In order to check the existence of such a relationship, we shall compare the
theoretical value of yields under perfect foresight with the actual yields.

From Equation (6), the yield under perfect foresight, Rt*, can be expressed as
follows:

1—y n=l
R?* = 7n52=07f9rt+s A (7)

1-7
The relationship between R} and Rt* is therefore given by:
R{=E/[RM™]+ on. (8)

It is possible to obtain R{* by using Equation (7). However, in this case, we
require the short-term interest rate n—1 periods later. Therefore, we choose to
modify Equation (7) and figure up the perfect-foresight yield recursively from the
end of the sample (referred to as the “ex-post rational rate” for the sake of conveni-
ence).

By applying Equation (4), Equation (7) is easily rewritten as,

n-1
RP* = (1-7) 2 7°riss (7y
where we can obtain:
R™ = yRET*+(1—P)re )

Here, we propose a terminal value conditon that R* of the end of the sample equals,

7. The yields adopted in this paper are the compound yield to maturity on government bonds both
in Japan and the United States. In Japan, their years to maturity are constituted of 3 to 9 years
(less than 3 years are not available) and in the United States, 2, 5, 10 and 20 years. Regarding
the short-term interest rates, in Japan 3-month Gensaki rate and in the United States 3-month
Treasury Bill rate are employed respectively.
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Figure 1 ¢“Ex-Post Rational Rate” and Actual Yield
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Figure 2 Holding Period Yield (H) with Short-Term Interest Rate (r)
(six months case for the holding period)
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for instance, the average short rate over the sample and use Equation (9), working
backward from the terminal value, to calculate the ex-post rational rate R{*. While
we have already observed that the relation between this ex-post rational rate (R}*)
and the yield (RY) presented by the model of standard theory is expressed by Equa-
tion (8), by plotting the ex-post rational rates and actual yields (see Figure 1), we
note the dramatically reduced amplitude for the series Rt* compared with the actual-
ly observed series for R}, and that the movements in R seem totally absent from R}*
in both Japan and the United States.

On the other hand, since Equation (9) designed to figure the ex-post rational
rate can be regarded as having been solved by assuming perfect foresight in Equation
(1), HY+1=r1,the comparison of the holding period yield on bonds with the short-term
interest rate serves as another experiment in the validity of the standard theory. (see
Figure 2). The figure shows that the fluctuation in the holding period yield is much
more volatile than that in short-term interest rate, which coincide with the deviation
of the ex-post rational rate from actual yield observed above.

In other words, Figure 1 and Figure 2 suggest that the models of the standard
theory, Equation (6) or Equation (1), do not explain sufficiently the fluctuations in
actual yields on bonds.

B. Variance Bounds Tests
a. Derivation of variance bounds inequality for the holding period yield
Regarding the wide fluctuations in yields as shown in the previous paragraph, we
now test whether the movements of holding period yields® should be considered as
volatile under a certain criterion. The criterion adopted here refers to “imposing a
theoretical upper bound on the variance of the holding period yield and then compar-
ing it with the sample variance of observed holding period yield .” This is called the
“variance bounds tests.””

8. The empirical works starting with variance bounds tests are given on the “holding period yields
(H%.1)” (except the analyses on the standard theory in III) because the variance bounds tests
on “yield (RY})” are inevitably arbitrary (see Appendix II). From the relation between Equation
(1) and (6), the conclusions on H?., could be treated as those on R}.

9. The variance bounds inequalities have often been applied to the tests on the volatility of asset
prices such as stock prices, exchange rates, etc. (see Okina(1985), Ueda et al. (1986),
Leroy-Porter (1981), Shiller (1981), Kleidon (1986)). However, the following two technical
issues have been pointed out: (D The stationarity of the random variable that provides the
upper bound should be examined, and © the small sample bias must be taken into considera-
tion. In spite of these difficulties, we still consider the variance bounds tests to be effective
because, regarding (D, the rational expectations model would be essentially based on stationary
stochastic variables and regarding (@, the sample size is large enough to keep the reliability of

the test results even when the bias is taken into account (for further information, see Appendix
I1I).



VOL.5 NO.2 FLUCTUATIONS IN YIELDS ON BONDS 81

The upper bound is derived under the joint hypothesis that supposes:

(D The holding period yields are determined by the Equation (1) model of the
standard theory,

@ The market expectations are formed rationally.
If it turns out that the sample variance of actual holding period yields exceed the
upper bound significantly, the holding period yields can be judged to be volatile,
deviating from the equilibrium of rational expectations model of the term structure in
which constant risk premium is hypothesized (hereafter referred to as the “standard
rational expectations model”).

Let us now confirm the concept of rational expectations. The “rational” means
that the market participants use all the information available up to time t efficiently,
and if yields realized at time t+1 deviate from anticipated values at time t (if any
forecast errors occur), we consider that it is caused by the information unavailable at
time t. (In this sense, it is possible to interpret the rational expectations hypothesis as
the efficient market hypothesis.) This understanding means that the forecast error
must be a function of the innovations which take place on and after time t+1 and that
the innovations up to time t do not include the information concerning the innova-
tions on and after time t+1. Thus, the rational expectations hypothesis can be re-
garded statistically, by using Equation (1), as satisfying:

COV(HY+1—1,~ ¢ ",R})=0 (cov(-) represents covariance).

The variance bounds inequality derived under the above-mentioned joint
hypothesis by Shiller (1979) is

1
VAR(H?1) < VAR(ro)- pzrk'ﬁ_—i,z‘) (10)

where

VAR(HY+1) : variance of the holding period yield on bonds (H?+1)

VAR(ry) : variance of short-term interest rate (r;)

P : correlation coefficient between short-term interest rates (r,) and
yields on bonds (RY).

(For further information on the derivation, see Appendix I. Regarding the concept
of variance bounds for the yield R}, see Appendix 1I.)

b. Results of variance bounds tests—Table 1

The inequality (10) is examined for the “whole period” (April 1977 through June
1986) both in Japan and the United States in Table 1 (as for the holding periods, we
assume one year, six months and three months'’), and our results are as follows:

@ For all the data sets in Japan and the United States, the variance of the
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holding period yield (V(H)) exceeds the upper bound (B), and the violation of the
variance bounds inequality is significant at 1% level (tested by whether the lower
bound of 99% confidence interval of the population variance of the holding period
yield (Vm(H)) exceeds significantly the upper bound (B) supposing V(H) distributed
as a chi-square random variable).

@ The longer the years to maturity and the shorter the holding period, the larger
tends to grow the degree of excess volatility (@ =V(H)/B).!!

@ Excess volatility is greater in the United States compared with in Japan. In
other words, the holding period yields on Japanese bonds are judged“less volatile”
according to the property of the standard rational expectations model.

III. Hypotheses Related to Fluctuations in Yields on Bonds

The analyses in the preceding chapter show that the holding period yields on
bonds are too volatile to accord with the standard rational expectations model both
in Japan and the United States. As variance bounds inequalities are derived under
the joint hypothesis (the rational expectations hypothesis and the standard theory),
the violation of the inequalities enables us to make two different interpretations
depending on which of the two hypotheses is not satisfied. In this chapter, we would
like to test independently each component of the joint hypothesis based on such
interpretations. In 1. below, we make some theoretical explanations and in 2. we go
into the empirical results.

1. Implication of the Results of Variance Bounds Tests

A. Rational Expectations Hypothesis

The first interpretation of the result whereby the variance bounds inequality is
not satisfied is that, although the standard theory serves to explain the movements in
yields, the market expectations are not formed rationally. It means that the forecast
error of market participants is correlated with the innovations up to time t. Statisti-
cally it can be considered that the requirement of COV(H}+;—r,— ¢ ",R})=0 is not

10. It is obvious that the holding period tends to become shorter reflecting the recent behavior of
investors who are aiming mainly at capital gains. However, our empirical analyses exclude the
transaction made in less than 3 month. This is because in the case of Japan securities transac-
tion taxes and in the case of the United States capital gain taxes on transactions less than 6
months are levied respectively, and it is necessary to make precise adjustments of the taxes
levied.

11. @ (excess volatility), which is the ratio of the variance (point estimate) of the holding period
yield to the upper bound, represents the proportion of the fluctuations that cannot be ex-
plained by the standard rational expectations model to the whole fluctuations.
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satisfied (see Appendix I). Therefore, this interpretation (hypothesis) is able to be
tested by the significance test (t-test) of b (estimate of b) subsequent to OLS
estimation on

H?+1—rt=a+bR{‘+8‘_ (11)

In estimating Equation (11), however, it is necessary to note a technical point. If
we are given the reliable information that the residual of OLS estimation is a white
noise, t-test of b makes it possible to ascertain whether the volatility of the holding
period yields is caused purely by the rational expectations hypothesis or by the
standard theory. In case the residual of OLS estimation is not a white noise (that is,
when it has a serial correlation), regardless of the result of t-test of b , the possibility
cannot be denied that the OLS estimated Equation (11) lacks another variable; it can
be considered as a variable risk premium.

B. Standard Theory

Another possible interpretation of the violation of the variance -bounds inequal-
ity is that, although the market expectations are formed rationally, the holding
period yields are not determined in accordance with the model of the standard
theory, and in other words, there is a failure in the model. Test concerning this
interpretation is possible by OLS estimation on Equation (13) (mentioned below),
which constitutes the essence of the standard theory obtained from Equation (1), and
by hypothesis testing for the estimates of the parameter.

Let us show the process of deriving Equation (13). First of all, since Equation
(1) representing the standard theory can be expressed as:

E[H]=E{RI—7RED/A—7)] =1+ ¢,
(expectations operator E,[-|I,] shall be described as E[-] for the sake of simpli-

fication)
and since RY is already known at time t, we can obtain:

RI—7E([RE ] =1—7)-(re+ ¢ .
Here, supposing that R{5{ = E[R{51 ]+ €'t+1, we will have
RI= 7RI — €e) + (1 —7)* (re+ 8",

and this can be modified into:
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R —RI= —{(1—7)/7}¢"+{(1—7) /7 RI—1)+ €01 - (12)
Equation (12) is easily rewritten as:

R —RE= a+ BRI —10) + 01 (13)

However, it is clear that the theoretical values of @ and g (respectively shown
as Ta and TpB) are respectively:

Ta=—(1~7)/7-¢"

_ - 1

The essence of the standard theory expressed by Equation (13) is that the path
of yields on bonds (long-term interest rates) can be predicted by changes in the
spread and constant terms. On condition that the risk premium is almost zero (the
case of the pure expectations theory), the positive spread in a current period will
raise the yields in the next period.

The t-test on @ (estimate of a ) represents a hypothesis testing of whether the
risk premium is constant or not. However, as mentioned above, the zero risk pre-
mium hypothesis is considered to be a special case of the constant risk premium
hypothesis. For this reason, we do not deal with the test on @ and do concentrate
our attention on the hypothesis testing on 7 (estimate of g).'?

The hypothesis testing on 7 must be carried out based on the hypothesis (Ha)
that it is equal to the theoretical value (Tg ) as well as the hypothesis (Hb) that it is
zero, and the theoretical interpretations of the results of the testing are the following
(see Appendix IV):

@ p=Tp (the case where the hypothesis Ha that g is equal to T3 is not
rejected)

—In this case, it can be judged that the standard theory model of Equa-

tion (1) is substantially supported.

(@ B>Tp (the case where the hypothesis Ha is rejected since 3 exceeds signifi-
cantly Tg)

—In this case, market participants place a greater weight on the current

short-term interest rate than is imposed by the standard theory model. In

other words, the market expectations overreact to the current level of the

12. See Mankiw~Summers (1984), Mankiw-Miron (1985), and Pesando-Plounde (1986) for
further details.
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short-term interest rates (or news affecting the short-term interest rates),
and in that sense the myopic expectations are formed.
® pB<Tp and 7 =0 (while Ha is rejected with 3 being significantly below T3,
Hb is not rejected'?)
—This case indicates that the market expectations are static and the
rationally predicted future yields may be equal to the current yields. (Sup-
posing the risk premium is almost zero, the series of yields are expressed
as a random walk model.) And generally, in addition to the static expecta-
tions, there is a possibility of variable risk premium fluctuating slightly. In
empirical analyses white noise test of the residual in regression is useful to
investigate the presence of variable risk premium.
@ p<Tp and 3<0 (Ha is rejected with 3 being significantly below Tg and Hb
is also rejected with 2 falling significantly below zero)
—This is interpreted due to a large downward bias to 7, suggesting a
strong possibility of the presence of widely fluctuating variable risk pre-
mium.

Ordinary Least Squares (OLS) produces consistent and unbiased estimates only
if the error term in regression is uncorrelated with the variables on the right-hand
side. The assumption of rational expectations implies that this condition (orthogonal-
ity) is satisfied in Equation (13). The error term € .1, in Equation (12) measures the
“news” that arrives between time t and time t+1. The right-hand side variable,
(Rt—r1y), is known at time t. If expectations are rationally formed, news should not be
predictable from known information. In this case, the rational expectations imply
that (Ri—r;) and €', are uncorrelated, and we can thus estimate Equation (13)
using OLS.

The rationality implied by Equation (1) would suggest the following property for

!

€ t+1t

: 1-7
Een = T () e, (14)

This can be shown as follows: When the use is made of Equation (1) and
Httl+l=Et[HIll+IIIt]+ € ¢+1, We get:

g1 = (RI—7RED/(1—7)— 1 — ¢", (15)

13. When Tp is large (when it is close to 1), 8 is sometimes significantly positive and furth-
ermore is significantly below the theoretical value. In this case also, it is identified as the result

of downward bias due to the presence of variable risk premium, and the white noise test will
be effective.
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Then modified and rearranged by using Equation (12), Equation (15) becomes:

E = (1%7){1;77(1%?—@— (R{‘;II—R{')—I;; ¢n} (16)

Eav

Thus in the case that the rational expectations hypothesis is not satisfied in
Equation (1) (when € .+, is correlated with RY}), Equation (13) does not satisfy the
orthogonality condition ( € '+, is also correlated with RY}). Therefore, OLS estima-
tion does not guarantee consistency and unbiasedness of the parameter estimates in
Equation (13).

2. Empirical Analyses of the Two Hypotheses

The results of OLS estimating on Equation (11) (for the rational expectations
hypothesis) and Equation (13) (for the standard theory) show the strong positive
serial correlation in their respective error terms (Durbin-Watson statistics are
0.093-0.745). Since OLS may provide inefficient parameter estimates, and furth-
ermore, the coefficient of determination is low, we can draw no clear conclusion as to
the hypothesis testing (OLS estimations being thus invalid, the results shall not be
printed).

However, the serial correlation in error terms is inferred to be a “moving-
average (hereafter referred to as “MA”) type serial correlation” from the property as
follows: The longer the holding period is (three months—six months—one year), the
stronger the serial correlation becomes (D.W. statistic declines). Hence, in this
section we first theoretically show the possibility that the estimations on Equations
(11) and (13) bring about the “MA-type serial correlation.” After recognizing the
actual data having the MA-type error structure, we correct this serial correlation and
return to the hypothesis testing.

As for the sample period, in addition to the “whole period,” we test the “recent
period” (after April 1981). The purpose is, on one hand, to analyze the effects of
recent financial liberalization in Japan (in April 1981, the syndicate was permitted to
sell government bonds in 100 days after issuance), and on the other hand, to verify
the results of the examination by Shikano (1984) who pointed out that the variable
risk premium is possible to exist in the “recent years.” From the viewpoint of com-
paring Japan with the United States, we also conduct the tests for the “whole period”
and the “recent period” in the United States.
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A. Existence of Moving-Average (MA) Type Serial Correlation and Its Correction
Itis known that the “MA type serial correlation” is produced when the forecasting
interval is longer than the data sampling interval (see Hansen-Hodick (1980)).
The existence of the MA-type serial correlation for the case of the hypothesis testing
on the rational expectations in this paper (estimation of Equation (11)) can be
demonstrated easily.
To regress Hy+;—r, on R; means

EdHy+; — 1 + vy=a + IBRt+ 0y (17)

(v, represents white noise).

R~ 7Ry - . .
After —1—_—},‘— 18 substituted for H,+; and parameters with no effects on the conclu-

sion are simplified, Equation (17) yields:
0= AR =~ EfRewil) —re + v,y (18)

If we assume that R;, r, are approximated by simple AR (1) process
(Rt = ¢Rt_1 + &, I't — kl‘t-l + Et’, &, Et, is white IlOiSC), we obtain:

i-1 .
6t = §) 0(j)€t+j+ Yi— Et"f'Z (19)
where
Z = cDRt_l—krt_l ,

and it would be found that the error term (residual) in the OLS estimation of
Equation (11) (the same in the estimation of Equation (13)) constructs MA (i—1)
type model. In other words, if i>2 (in the case of monthly data, the forecasting
interval or the holding period of bonds being more than two months), the serial
correlation in the error term could exist (for further information, see Appendix V).

Since the possibility has been shown that MA-type serial correlation could be
provided for the OLS estimation of Equations (11) and(13), in order to recover
efficiency of the parameter estimates, we run generalized least squares estimation
assuming the MA-type error term (correction of MA-type serial correlation). The
following is the procedure for the analyses.

@ We first examine the auto-correlation function (hereafter referred to as
“ACF”) and the partial auto-correlation function (hereafter referred to as “PACF”)
of the residual in the OLS estimation to make diagnostic checking of the model and
to corroborate if they are of the theoretically proven MA (i—1) type.

@ 1f ACF and PACF reflect MA (i—1) process, specify the degrees of the MA
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model (specify variance and covariance matrices of the error term) and proceed to a
re-estimation of Equations (11) and (13)'* using the unconditional least squares
estimation method.

First, we undertake the diagnostic checking of the model. When we have re-
moved the residuals of the OLS estimation on Equations (11) and (13) and then
examined their respective ACF and PACF, we have acquired the results that all the
samples have supported MA (i—1) type ACF (cuts-off) and PACF (tails-off).'
Therefore, the error terms have proved to be generally expressed by the MA (i—1)
type model.

B. Empirical Results after MA-type Serial Correlation Correction—Tables 2 and 3
In accordance with the diagnostic checking we re-estimate Equations (11) and
(13) correcting the serial correlation of error terms.'® The results are summarized as
follows:
<Japan>
For the test on the rational expectations hypothesis (estimation of Equation
(11)) (see Table 2),
(D The hypothesis is rejected for the “whole period”, while it is hardly rejected
for the “recent period” except some cases.
@ The null hypothesis that the residual in the estimation after MA-type serial
correlation correction is white noise is rejected at 1% or 5% level of significance. In
other words, the existence of the variable risk premiums would not be denied.

As to the standard theory (estimation of Equation (13)), we re-estimate only for
the “recent period” when the orthogonality requirement would be generally satisfied
(see Table 3). The results are:

@ On almost all the samples, the possibility of presence of variable risk pre-
miums (B <Tg) can be recognized.
@ However, when the holding period is assumed to be one year, the static

14. The re-estimation here refers to the estimation of the parameters after specifying the structure
of the error term. When the error term has a serial correlation, the question of efficiency of
parameter estimates is pivotal, and therefore some analysts propose that only the variances
(or standard errors) of parameter estimates should be estimated and that parameter estimates
themselves should not be re-estimated. However, in case that the serial correlation of the
error term is very strong, parameters themselves are very likely to be affected and therefore
we have opted this re-estimation.

15.  For ACF and PACF, we used SAS program ARIMA procedure.

16. For MA type serial correlation correction, we ran SAS program, and white noise tests (auto-
correlation checks of the error term) were by Ljung=Box Q statistics.



SEPTEMBER 1987

BOJ MONETARY AND ECONOMIC STUDIES

90

S|qeLIBA WOPURL 31enbS-1yd € Se PaINgLIIsIp) dsneIs - xog==3un{7 : (O : 310N

sasayjuared ul anfea-]
“20uRdIUBIS JO [3A3] (%G) % T 18 PYdalar SI asIoU aNYM ST
uonEnba pajewrisa Ay) Jo [eNPISaL Y} Jey) SISaYI0dAY Y3 SABIIPUK s ) %
(wopaaay jo saau8ap d ypm

(8L6g ) (€rz ) (808°¢ ) (€692 — (58977 ) (ZBPe —) 2 (916°¢ ) (119°¢ -) (¥SL7 ) (898°¢ —) (296 ) (w0E? —) 2
%866 220 U284 *«xIL°81  O0EL'T ¥6E'S — | 0860 98L°0 LLLOT — *E1°LT 980°¢ TI€'S — | »«lP'82  SGLV'T 296°9 — | xlS'0E  TLLO 9689 —
(€922 ) (0981 —) (6L6°T ) (989T —) (Igr's ) (9067 —) g (sev'e ) (€22'¢ —) (Wze ) (EET -) (rsre ) (5802 -) P
#8511 S0S°€ 12L'8 — #66°C1  6€€C 9ZV'TE — | #%05°96 98L°2 ¥ov'9E — %0081 £90°€ LPL'L — | #4E6'C  VEC'Z 1226 — | »«I82¢ 00V'L £v6°01 —
(T08'T ) (6960 —) CLOLT ) (L8ST —) (2569 ) (898 —) o1 (61€7 ) (9212 ~) ozgz ) (1291 -) (egoe ) (eele —) o
*L0'6 beee 06e'L — 6170 €97°€ G98°0C — | »x¥9'8E 6LL’S 96L°9L — *49L'C2 0692 269 — | 81701 8EF'¢ 8EEIL — | wIT'IV T2 L9L°61 —
(esvz ) (slle -) (I89°T ) (88T -) (010°8 ) (€eL9 —) o (SL0C > (€151 —) (88L¢ ) (8881 -) (6S1°¢ ) (8922 -) 0
«=»EIET €867 8EG'TZ — | #«68'8T 122G V10708 — | x52°2€ 8L hrel — #1572 SLv'e 2577 — | «61FEL G8GF 6I8FT — | w6787 EVSE L1862 —
€0 a & 90 a & 90 aQ & w €0 a & 90 q & @0 q & w
spuow g3 1+3-1 ® syow 9 : T4+3e1 @ 'k T4+ D squow ¢ ; T4+31 ® squow 9 T4+ie=l @ AL 1T+ @
VN (2) vsn @
L0z ) (Lee1 ~) (SiLz ) (2652 -) (15¢°% ) (LL3e —) (2682 ) (9812 —) (s1ee ) (epL’e —) (999°L ) (1899 -)
#0071 0vlg S09't - | *I6'L1 6027 9vL’L — | #897C1 8681 8el'gl — g #6102 €602 uee - #4091 T10V°T vy — +30°€T  998'T 69621 — ¢
C00P'T ) (¥52T -) (6592 ) (1€eg —) (gee'1 ) (66v0 —) v (0667 ) (80L°T —) (8816 ) (L&2r —) 697y ) (9962 -) v
«=16°02 96272 859 — *0P'9L  T1¥°g 198°L — | LG8V €8L7°0 9% — #6921 ¥88'1 €662 — | %+€8°LC G60°E 079’6 — | #+2L'62 GEL'T €vee —
(612°T ) (2¥80 -) (evge ) (esvg ) (89872 ) (&¥8'1 —) p (vL92 ) (9Lee —-) Sy ) (10T ) (LeLy ) (8682 —) B
«1E6 L62°1 S0L'L — | x+2S°61 O0ES°E L9l — | wadl'L] Jo1c o 6589 — #1691 ¥5¢°e 199°¢ — *¢8'G1  I6l'E S6E°0T — | #+89°S01 1I2°C 600°1T —
(1860 ) (¥SE°0 —) (€L9°0 ) (89L0 —) (920°T ) (8¥00 ) 9 (992°2 ) (ve6'1 —) PSSy ) (S8L'e —) (1002 )y (9LP0 —) 9
*L18 98L°0 SOV'0 — | #9L°Ch 6EE'D 0109 — | «b9°ST 857 0 vo1°0 691 glve 896 — | x46F06 1617 69G°ET — | #4EEP6C  TES'T 260 —
(952°0—) (0450 ) (S16°0 ) (89L0 -) (PI2°T ) (¥PL0 -) . (498°T ) (ISI'T —) (eL0e ) (9822 —) veLe ) (1987 ) .
x68°8 Gre0 - 28v’l #68°LT  2€9°T 962G — | «82'9C 828l 6V1°L — #4508 15272 Wwee — | »I9712 20l V606 — | »+EE€8E 20€°C €L0°21 -
(69€°0 ) (0100 —) (1880 ) (€60 -) (61€°0 ) (8080 ) g (G89°T ) (eeeT —) (zery ) (6v2'e -) (250¢ ) (966'T —) 9
*92°8 9€9°0 2800 — | #6672 8I8T 6I8°L — | «LL'€I 982 0 6v1°2 axll 12 LWL ey — | «99'€E EI0F 8LVZL — | #6L¥S  90£7C 66121 —
(60€°0 —) (66Y0 ) (28870 ) (0LLO -) (gel =) (26’1t ) 6 (6987 ) (€eST —) (sor'e ) (veve -) (SLyy ) (TW6'e ) 6
%618 ¥eS0 —  WOLT 90,1 98871 €069 — | xI2°€C pL°T —  ¥SS78T %9691 [(UA 098§ ~ N A R [ArA #0621 E0P'E S21'%e —
®©0 q E 90 a & 90 a E w ©0 q & @0 q & 90 q M w
squow ¢ : [+l ® sywow 9 ; T+4+3<1 @ ELE2NS S ST BN Q) syjuow € [4+31e) ® squowt 9 [+3e1 @ 1edf 111431 @
uede[ (1) uedef (1)

9861 aunf 0} 1861 AV 2

UOI)I3110)) UOHE[RII0) [BLIDS ddA], 98etaAy-3ulroy

Jye sisayyodAH suoneydddxy [euoney 3y} Jo Supsdy, T IlqEL

9861 dunf 01 L61 (Mdy

1




91

FLUCTUATIONS IN YIELDS ON BONDS

VOL.5 NO.2

"30UBDIIUBIS JO [9A3] (%G) %T e P91oafas St BH, Jey} SOIedPUl( )k *

A\.A\ £ )AHVQ JO onjea [[BINIR2I03Y] : o L : 910N

voL'e — 0LE°0 018'¢ — 2880 ) 0L6°¢ — 280°T —

567 °€ — L21°0 €LS0 #+661°G — I91°0 060°0 *xL60°L — SLT°0 68270 €
16€°0 — 01070 S19°0 — 0€0°0 8690 — 60€°0 —
¥8L°C — 8vE'0 £€62°¢ — w0 — 38C'C — L3v'T —

++898°C — §21°0 €v0°0 #x98C '€ — PLT0 8L0°0 «*69¢ Y — 681°0 §S1°0 14
8vE0 — S10°0 66€°0 — 610°0 — v 0 — 8L8°0 —
8LV'C — 92¢°0 12e'¢ — Lvi0 Lev'T — 681°€ —

*%566°C — LIT°0 9v0°0 wxl P17 =~ 291°0 120 #x V€€ — 191°0 2190 S
062°0 — §10°0 8650 — 1€0°0 w20 — I6¥°0 —
L9L°C — 8€5°0 1880 — 026°0 — 870 — 0.6°¢ —

#4710 — 021°0 250°0 61S'T — 9LT0 880°0 *VEC'C — 1280 GSI°0 9
20 — 820°0 gs1°0 - 180°0 — 890°0 — S19°0 —
08€°C — L1€0 L02°¢ — 902°0 — PLL'O — 62e°¢ —

*«%918°C — 801°0 17070 *x998°C — 0S1°0 160°0 *9¢¢°C — 910 ¥91°0 L
L92°0 - €100 1€€°0 — 0200 — e€I1o — 9¥8°0 —
S6¥ ¢ — L1870 PI9°T — 69570 — L50°0 L6v'e —

*xVE8'C — 8¢1°0 860°0 %0612 — €81°0 980°0 LET'T — SLT°0 €81°0 8
020 — 0€0°0 Lve'0 — 6¥0°0 — 0100 — 0v9'0 —
6vI'T — 2020 — 0IL7C — 86170 7690 — 0LE°C —

SLV'T — 1210 L80°0 *%681'E — 691°0 26170 89T — €81°0 6810 6
681°0 — L0070 — 8570 — 8€0°0 L21°0 — 8 0 —
[enjea-1] [enjea-1] [onfea-] [anjeA-] [onjeA-1] [en[ea-]

gL Hu& :BH | (soud piepuerg) (40113 prepuerg) .Q,HH.N :BH | (om0 piepuerg) (1010 prepueig) %Hﬂn& :BH | (toud piepurig) (sod prepuerg) | yr

g 2 g 2 g 2 |

sqiuow ¢ 1 T+« ©

(9861 aun[~1g61 [Ldy ‘uedef)
UO0IIILIO) UONR[ALI0) [BLIdS 3adA] 3Serday-Suiroy J9)Je AI10dy] piepuels d3Y) jo 3upsdy, € JqeL

squow 9: T4+ @

Ah T T4+1-1 D




92 BOJ MONETARY AND ECONOMIC STUDIES SEPTEMBER 1987

expectations (3 =0) would also be relevant.
<United States>

The results of the test on the rational expectations hypothesis show (see Table
2),

@ The hypothesis is basically rejected both in the “whole period” and the “re-
cent period.”

@ As a consequence of the white noise test for the residual after the MA-type
serial correlation correction, the null hypothesis is rejected at 1% or 5% level of
significance for the both periods. Same as in Japan, this could represent the existence
of variable risk premiums.

Since the rational expectations hypothesis has been generally rejected for the
both periods, the test of the standard theory cannot be made.

IV. Time Varying Risk Premium (Variable Risk Premium) and Its
Validity

1. Concept of Variable Risk Premium and Procedure of Test

We have seen that the volatility of holding period yields would rather be attri-
butable to the irrational expectations (the inefficient market) as long as the standard
theory is hypothesized while, on the other hand, the fluctuation in risk premiums
should not be neglected. Especially the data for the “recent period” in Japan would
suggest strongly that risk premiums are not time-invariant.

The possibility of the existence of variable risk premiums is consistent with the
intuitive understanding obtained from Figure 1 and 2 in II , that is, unless the market
expectations fluctuate violently, the standard theory that posits risk premiums as
being time-invariant may not be able to explain the fluctuations in yields.

On the other hand, according to the recent asset pricing theories (CAPM etc.),
the risk premium identified as the result of the investors behavior to maximize their
expected utility depends upon sample information and generally varies over time.

Therefore, as the next step, we will deal with the joint hypothesis of the expecta-
tions theory of term structure with the variable risk premium (hereafter referred to as
the “variable risk premium model”) and the rational expectations hypothesis. The
test on this joint hypothesis shall be done by the following procedure.

@ Assume that excess volatility of the holding period yields can be wholly
ascribed to the variability of risk premiums, and compute backward “the minimum
value of the variance” of variable risk premiums consistent with the rational expecta-
tions hypothesis that would account for the fluctuations in the yields from the results
of the variance bounds tests.
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@ Measure the variance of the theoretical variable risk premiums based on
intertemporal asset pricing model.

@ If the theoretical value in Q) exceeds (or falls below) the minimum value of the
variance calculated in (D, the volatility of the holding period yield can (cannot) be
explained analytically by the variability of risk premiums. In other words, the joint
hypothesis of the “variable risk premium model” and the rational expectations
hypothesis would not (would) be rejected.

A. Variability of Risk Premiums Obtained from Variance Bounds Tests

First we assume that excess volatility of the holding period yields obtained from
variance bounds tests is due to the variability of risk premiums, and compute the
minimum value of the variance of variable risk premiums consistent with the rational
expectations hypothesis.

The expectations model of the term structure with time-varying risk premium is
given by:

E{H% L] =rc+ o7 . (20)
(#% represents variable risk premium)

When the risk premium is permitted to vary, then H}+;—r,— ¢ § must have the
property of a forecast error, implying that COV(H?+;—1,— $ })=0 (see Appendix I),
and the derivation of Equation (10) generalizes in a straight forward manner to yield:

VAR(HP, 1) < {VAR(r)+ VAR($M) +2COV(ry, #0)} - 0%z 1/1—72). (1)

Using inequatity (21), a point estimate of the minimum value of VAR( %), Vs
(#1), that is necessary if their presence is to reverse evidence of excess volatility, is
obtained as:

Vs(4l) = VAR(H?H)'ﬁ" (1— 72)—VAR(r:) —2COV(r,, ¢D). (22)

Now, if one hypothesizes COV(r,, ¢ 1)=0 (see Appendix VI), Equation (22) is
rewritten as!’:

Vs(4f) = VAR(HE1) -p—zl—R (1—7)— VAR(ry), (23)

Since VAR(H1), VAR(ry), o%r and (1—7?) are already known from

17.  With regard to the variance of the holding period yield (VAR(HY.,)), we use point estimate
instead of the bound of a confidence interval.
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the results of the variance bounds tests in II, it would be possible to calculate the
minimum value of the variance of the variable risk premium consistent with the
rational expectations hypothesis from Equation (23)'%.

B. Theoretical Motivation of Variable Risk Premium

In order to measure the theoretical value of the variance of the variable risk
premium, we formularize the variable risk premium based on intertemporal asset
pricing model. The well-known essence of this theoretical model is that investors
maximize their expected discounted utility defined on future levels of consumption
subject to sequential budget constraints, and in equilibrium, asset prices are set such
that the marginal utility of a unit current consumption foregone (by purchasing an
asset j) equals the expected discounted utility of the return from investing that unit of
the consumption good (for detailed discussions, see Shikano (1984), Brock (1982)
and Lucas (1978)). That is:

u'(Cy _ u'(Cy+1)

P, B Et[fptr'\qﬂ’lt] (24)
where u'(-) : marginal utility of consumption
C, : real consumption at time t
P, : price level at time t
Vi+1 : one-period nominal return on asset j
B : constant time discount rate

E{[-|L] : expectations operator conditioned on information available at time t
(agents are assumed to be rational).

Using the equilibrium condition (24) and Equation (20) the variable risk pre-
mium is formulated. The risk premium can be defined as the difference between the
expected holding period yield on risky assets and the yield on risk-free assets and is
given by from Equation (20):

gt = Et[HH'l}It]_rt (25)
= Et[Ht+1+1|It]_(rt+1).

18.  'When Equation (23) is divided by VAR(r,), it becomes:
Vs ($D)/VAR (r)

=VAR (Hl,) 57—+ 1=79
rR

=(VAR (H{,)/B)—1=a—1.
This equation shows that when excess volatility (= @) is larger than 2, the greater part of the
fluctuation in the holding period yield is explained by the variable risk premium with the
assumption of rational expectations.

N S
VAR(r,)
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When E[H,+;+1|I] and r,+1 obtained by substituting H;+;+1 and r,+1 for Vi in
Equation (24) are used in Equation (25), the risk premium resulting from the max-
imizing behavior of rational agent can be expressed as follows: (for the derivation,
see Appendix VII).

3 = E[Q[LIE[Hy . +1[L]=E[Q-(Hy + D] (26)
' ElqlL]
where
"(Ciz1) P
Q=u( t+1 . t
u,(ct) P

Thus, it has been shown that the risk premium can be described as a function of
the expected utility, price level and holding period yield on risky assets. The con-
ditional expectation can depend on sample information and need not be time in-
variant, hence, the risk premium can fluctuate over time. The revision of expecta-
tions would occur more frequently due to active exchanges of information incidental
to the liberalization and internationalization of financial transactions. Particularly in
the case of Japan, the volatile movements of yields on U.S. bonds and the fluctua-
tions in foreign exchange rates, etc. can be the information which considerably
affects the revision of investors’ expectations on the holding period yield as well as
the price level.

The variable risk premium expressed by Equation (26) is not suitable for empir-
ical analyses because it includes the investor’s utility function. Therefore, in order to
make the empirical works practicable, we hypothesize the constant relative risk
averse for the utility function. The relative risk averse refers to the measure of
changes in marginal utility with the level of income or assets (here consumption)
weighted by the scale of income or assets. Consequently, the constant relative risk
averse means that the proportion of risky assets in total assets is constant irrespective
of the scale of assets.

The utility function of investors that satisfies the condition of constant relative
risk averse is generally expressed by (relative risk averse is —u’(C.)-Cy/u'(Cy)
=p=constant, a risk lover (#=0) is excluded a priori):

-

w(C) = @)
From Equation (27), we obtain

u'(C)=C"¢¥, (28)

and therefore by substituting this for £, Equation (26) becomes:
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_ EJQ'|LJE(Hui+1[L]-E{ Q" (H +1)|L]
' E[q'[1] (29)

]

where

r Ct y22 Pt
Q = PO
€t P -

Thus, supposing that the utility function of investors satisfies the constant rela- -
tive risk averse, the variable risk premium is determined by the expected real rate of
consumption change, expected inflation rate, the expected holding period yield and
the relative risk averse.

It should be noted in this connection that the conditions for the pure expecta-
tions theory (zero risk premium hypopthesis) are the following to be satisfied simul-
taneously: (D Investors are risk neutral (#=0) and 2 no uncertainty exists and the
price fluctuations can be perfectly forecasted (E[P+,/P;=P+1/P,).

C. Estimation of the Variable Risk Premium
In Equation (29) we have formulated the variable risk premium based on inter-
temporal asset pricing model. In order to estimate this theoretical variable risk
premium by use of actual data, it is necessary to find the average relative risk averse
in the market. It is known that the relative risk averse can be expressed as Equation
(30) under the hypotheses 1. to 5. below (specifically, see Friend — Blume (1975) and
Maru (1976)).
(Hypotheses) 1. Investors are risk averse.
2. Yields on assets are normally distributed.
3. Investors have homogeneous expectations.
4. The market is perfectly competitive.
5. Asset returns are exempt from taxation.
In this case, the relative risk averse is given by:

_ E(Rm—Rf) 1
TTem o (30)
where
E  : expectation

Rm : yields on all risky assets in the market

o m® : variance of yields on all risky assets in the market

Rf : yields on risk free assets in the market

@  : proportion of risky assets in total assets.

It is difficult to observe the precise values for Rm, ¢ m?, Rf and @ . However,
supposing that risky assets consist of public and corporate bonds, stocks and invest-
ment trusts, while risk free assets are composed of deposits (including postal savings
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in the case of Japan) and short-term financial market assets (maturity in less than one
year), we have estimated by data after 1977 that the relative risk averse is around 2.0
in both Japan and the U.S. This finding was obtained from a very rough estimation
which did not take account of taxation on assets (if it was taken into account, the
figure possibly rising to about 3.0 in both countries) and in which risky and risk free
assets were chosen arbitrarily. Therefore, in estimating'® the theoretical variable risk
premiums based on Equation (29)?°, we set the value of relative risk averse within
the range of 0.5 to 5.0.%!

2. Empirical Results in Japan and the United States (Variance Comparison of Risk
Premiums)—Table 4, Figure 3

A. For the “Whole Period” in Both Countries

For the “whole period” both in Japan and the United States, we calculated the
minimum values of the variances of the variable risk premium consistent with the
rational expectations hypothesis, Vs(¢?}), from Equation (23) and estimated the
variances of the theoretical variable risk premium (8 ,), V($,), in accordance with
Equation (29) respectively. We then compared these values.?” The summarized re-

19. Regarding E[-|I;] of Equation (29) (conditional expectations operator), we employed the
method that combines a time trend with an autoregressive model and uses a stepwise method
to select the lags to use for the autoregressive process (SAS program FORECAST proce-
dure). Concerning the time trend model, we selected the constant trend model and the linear
trend model.

20. As for the level of consumption, we made use of the household budget survey in Japan and
the survey of current business in the United States. With regard to price level, CPI was used in
both countries.

21. The utility function of an investor whose relative risk averse is 5.0 is, according to Equation
(27) mentioned above, u(C,)=—1/4-C,”*, where u’(C,)=1/C5,. We can see that this utility
function is extremely convex upwards, in other words, when considering the level of a large C,
(or asset) even to a limited extent (if wealthy even to a limited extent), it is obvious that an
additional unit C, (asset) will hardly increase the marginal utility. This means that such
investors have very little incentive to invest in risky assets. Using the relationship of Equation
(30) and assuming the average yield in risk free assets is 5%, the risky assets have to yield
extremely high expected rate of return (around 20%) with stable fluctuations (about 5% for
variance) to induce the investors to hold half of their assets in risky assets. Such a restriction
may not be plausible when the investors manage their assets in stock or bond market or both.
Furthermore, the empirical studies (in stock market in the United States) by Brown-Gibbon
(1985), Friend-Blume (1975), Grossman-Shiller (1981), Hansen-Singleton (1982, 1983), etc.
have shown that the relative risk averse falls within a range of 2.0 to 4.0.

22. In the strict sense, it is necessary to specify the distribution of variance of the variable risk
premium and compare its bound of a confidence interval with the minimum value. In this
paper, however, we adopt point estimates.
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Figure 3 Fluctuations in Variable Risk Premiums

—the case that relative risk averse is 2.0 and the holding period is six months
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sults are:

@ In most cases of Japan, V( $ +) can cover Vs( $ "} when the relative risk averse
is assumed to be 2.0 (in the cases of one-year holding period, the relative risk averse
should be assumed 3.0 to 4.0). In other words, the excess volatility of the holding
period yields can be validly explained by the variability of variable risk premiums
consistent with the rational expectations hypothesis. Therefore the joint hypothesis
consisting of the “variable risk premium model” and the rational expectations
hypothesis would not be rejected, and the fluctuations in yields in Japan are consis-
tent with the rational behavior of investors as long as one assumes the presence of
variable risk premiums.

(@ As far as the United States is concerned, even if one assumes that the relative
risk averse is 5.0, in almost all cases Vs($}) cannot be exceeded by V( ;‘?t). In
particular, when the holding period is one year or six months, V( $ ¢) is less than half
of Vs(#1). Consequently, it is quite possible that the joint hypothesis will be re-
jected. In other words, the fluctuations in yields in the United States are not consis-
tent with the rational behavior of agents even if the existence of variable risk pre-
miums is assumed.

The above empirical results are clearly demonstrated in Figure 3, in which the
theoretical variable risk premium (where the relative risk averse is assumed to be 2.0
and the holding period to be 6 months) is plotted along with the holding period yield
and the short-term interest rate. To explain the fluctuations in the holding period
yield by the variability of variable risk premium consistent with the rational expecta-
tions hypothesis (Vs( ¢ )), the variance of the theoretical variable risk premium (\?/d)
plotted in Figure 3 must be more than approximately 20% (50% in the case of
standard deviation) of the variance of the holding period yield (V(H)) (Japan...V,
($)=3.76, V(H)=15.20, United States... V(¢ )=22.04, V(H)=116.12). Observed
from Figure 3, in the case of Japan, Vd would satisfy the requirement, while in the
case of the United States it would not.

B. For the “Recent Period” in Japan>*—Table 5
Here we carry out the variance bounds tests and the subsequent comparison of
the variances of variable risk premiums for the “recent period” in Japan since the

23. Since the sample size of the “recent period” is about 50, it may be necessary to consider the
small sample bias. As regards variance bounds tests, however, since excess volatility (= @) is
sufficiently large, this difficulty can be ignored. Furthermore, for the variance comparison of
risk premiums, as the downward bias on the upper bound of variance bounds inequality brings
about the upward bias in the minimum value of the variance of risk premiums consistent with
the rational expectations model, there will be no problem if the joint hypothesis consisting of
the “variable risk premium model” and the rational expectations hypothesis are difficult to
reject.
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preceding chapter has shown the presence of the variable risk premium. The results
are summarized as follows.
a. Results of variance bounds tests

As for the results of the variance bounds tests, in all the cases, the lower bound
of 99% confidence interval of the variance of the holding period yield (V(H)) ex-
ceeds the theoretical upper bound, and the joint hypothesis of the standard theory
and the rational expectations hypothesis is rejected at 1% level of significance.
b. Variance comparison of the risk premiums

Since the variances of the short-term interest rates are extremely small com-
pared with the case of the “whole period”, the ratio of the minimum value of the
variance of the variable risk premium consistent with the rational expectations
hypothesis, Vs( 1), to the variance of the holding period yield, V(H), would be
relatively large. However, except for some cases where the holding periods are one
year, the variance of the theoretical variable risk premium, V(gt), can generally
explain the minimum value of the variance of the variable risk premium consistent
with the rational expectations hypothesis, Vs( ¢ }). Therefore, the joint hypothesis
consisting of the “variable risk premium model” and the rational expectations
hypothesis would not be rejected.

V. Conclusion and Future Tasks
1. Conclusion

The empirical results of the variance comparison in the preceding chapters are
considered to be related to the conclusion obtained from the variance bounds tests
assuming the standard rational expectations model in II which states that the fluctua-
tion in yields is less volatile in Japan than in United States. In other words, the
volatility of yields on Japanese bonds is able to be explained by the fluctuations in
risk factors consistent with the rational behavior of investors, and therefore it is
possible to mention that the volatility is theoretically explicable. On the other hand,
the yields on U.S. bonds are too volatile to accord with the rational expectations
model including such a time variant risk factor.

What causes the volatility of U.S. bonds? One possible explanation is that it is
simply due to the irrational behavior of market participants. (It may be possible to
interpret the volatility as a phenomenon similar to the rational bubble. This point
shall be discussed in detail in the next section.) In other words, the market yields on
U.S. bonds are not formed effciently by making use of past information including the
short-term interest rates and the variables related to the risk factors. In addition
another interpretation that external information shocks affect the holding period
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yields directly in the form of large forecast errors would be possible. It should be
noticed that monetary uncertainty would bring about such external shocks which,
however, are unaccountable within the framework of the equilibrium model in this

paper.
2. Future Tasks

In this section, we would like to suggest some of the remaining tasks that need to
be tackled regarding the future analyses.

The first problem concerns the implications for the monetary policy in Japan.
The conclusion in this respect is that it is important for the monetary authorities to
improve their understanding of the variable risk factors and fluctuations involved.
This means, in regard to theory, that there is a need to clarify these factors by
developing further the theory of variable risk premium. In this connection, the
formulation of models expressing actual variable risk factors precisely, the analysis of
transmission mechanism of interest rate policies based on such models, etc., will
hereafter be just some of the important tasks for our study.

Secondly, we have the tasks of elucidating the volatility of yields on U.S. bonds.
Three essential points need to be pointed out.

@ Since, in the case of United States, we have been unable to explain the
fluctuations in yields even by the variability of risk premium, it will be our first work
to test alternative hypotheses such as the “myopic expectations hypothesis” (in the
United States, this can be interpreted as an overreaction to the money supply
announcement) and the “static expectations hypothesis” (see III. 1-B).

The appropriate procedure involves newly derived variance bounds tests under a
joint hypothesis of the expectations model of the term structure with the myopic
expectations hypothesis or the static expectations hypothesis and the rational
expectations hypothesis. In connection with the test of the joint hypothesis consisting
of the myopic expectations and the rational expectations, it should be noted that
Mankiw - Summers (1984) have already obtained the empirical results that the
myopic expectations hypothesis is rejected (that is, there is no evidence that the
yields are overreacting to the current short-term interest rate) in the process of
testing the standard rational expectations model. If this result is correct, to examine
the joint hypothesis of the static expectations and the rational expectations will have
greater significance.

@ If the two joint hypotheses mentioned above are rejected (this would be
possible), the volatility of yields on U.S. bonds is basically regarded as being ascribed
to the irrational market expectations (the inefficient market). It means that the
fluctuations in yields on U.S. bonds are inconsistent with the rational behavior of
agents whatever expectations model of the term structure may be assumed. The
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reason why we can state like this is that, in the case of bond yield (or price), due to
the presence of maturity period, the rational bubble (bubble consistent with the
rational expectations) cannot theoretically be generated (see Appendix VIII).
However, if one assumes that the holding period of investors is extremely short in
comparison with the years to maturity, it is very unlikely that investors will forecast
all the future bond prices rationally until the maturity. In such a situation, the
generation of a quasi-bubble in yields, which represents a large deviation from the
equilibrium of the rational expectations model, may not be always denied. And we
should also refer to the empirical result that the longer the years to maturity is, the
greater becomes the excess volatility. If one is permitted to interpret in this way, it
would be possible to approach the fluctuations in yields from the viewpoint of
quasi-rational bubble, and this may be considered to be one of the tasks to be
examined in the future.

@ For the possibility that the yields overreact to information shocks resulting
from monetary uncertainty, the given framework of equilibrium analysis in this paper
is not available. However, the test by VAR model, for example, which investigates
how much the variance (fluctuation) of the expected growth rate of money supply
can explain the variance (fluctuation) of yields, may be one of the possible
approaches to the problem.

Appendix I. The Variance Bounds Inequality for the Holding Period Yield on
Bonds

The expectations model of the term structure adopted in this paper is:
Et[H?HIL] =rct+¢", (A-1)

and the forecast error ( € 4) for the holding period yield (H{+1) can be expressed as:

Ety1 = Hpﬂ *Et[H?+1|It]

(A-2)

= H?-%—l —TIi— ¢n.

Since HY.; is defined as:
He = (RI—7RED/1—7), (A-3)

€ .+ can be seized as a function of the forecast error for the yield R?;1 that is
realized at time t+1. Suppose all the innovations available at time t are reflected in
the yield RY, the rational expectations hypothesis which assumes that market partici-
pants rationally predict the holding period yields based on the information available
up to time t, is required to satisfy that the forecast error € .+ is uncorrelated with RY.
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This means statistically: COV( € ;+;, R)=0 (COV(-) represents covariance). The
use was made of Equation (A-2) and the requirement above becomes:
COV(HE 1 —ri— ¢" RY) = COV(H —1, RD) =0 (A-4)
Using the definition (A-3) of H}+;, we then see that:

COV(R™}, RV —L?_/VAR(R) VCOV(Rt,rt)

=%VAR<R?>—;7” - or+ Y VAR(RD)- VARG, (A-5)

where P g is the correlation coefficient between r, and R{:
Now, from Equation (A-3) the variance of the holding period yield,
VAR(HY+,), is given by:

VAR(HE ) = VAR{(R?— 7R/ — 7)}

1 \2 .
:(ry) - VAR(RP— 7R;

2
= (—1 - 7) {VAR(RY) +7°VAR(RT) —2COV(RA,RED) . (A-6)

Here, the assumption that VAR(RY) is equal to VAR(R?1) (this implies the sta-
tionarity of HY+; and is necessarily satisfied) makes Equation (A-6) to be

VARHLY,)) = ( ){(1+y2)VAR(R) 27-COV(RYLRED). (A-6)’

By the use of Equation (A-5), Equation (A-6)" yields:

VAR(HE, ) = (12 T+ P VAR(RD —2( VARRD — (1= 7)o

JVARRD)-/VARG)}]. (A-7)

Thus, the variance of the holding period yield is indicated by the variz}nces of yield
and short-term interest rate at time t and sample informations as 7, ©,g. The
maximization of VAR(HY+;) would be made with respect to VAR(R?). From Equa-

tion (A-7),

OVAR(HL) _ (=D +(1—7) o VVAR) _
OVAR(RY) (1—7)2-/VAR(RD '

Accordingly, VAR(R?}) that gives the maximum value of VAR(H?+1) can be express-
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ed as:
VAR(RY) = 7% VAR(r) (A-8)
' 1+77
and by substituting Equation (A-8) for Equation (A-7), we find that the maximum
value (Vx(HY+1)) of VAR(H}4)) is

V() = [P CEDL VAR o

= VAR(rt) * Per * 1/(1 - 7_'2) . (A—9)
Therefore,

24
VAR(HY 1) = Vx(HE 1) = VAR(r) - 0% 1/(1— 72)

becomes the variance bounds inequality which imposes an upper bound on the
variance of the holding period yield.

Appendix II. Concept of the Variance Bounds for Yield (R})

Although this paper is working on the variance bounds inequality for the holding
period yield on bonds, it is also possible to derive it for the yield RY. The tests of
variance bounds for present-value relations are shown by Leroy—Porter (1981), Sing-
leton (1980) and others.

For the sake of simplification, when the term structure equation of Equation (6)
can be expressed as:

Ri=a g BsElress|I]+L (A-10)
and the perfect-foresight yield R,* is:
Re* = a2 Bstess. (A-11)
)

Then, it is obvious that:

24. The upper bound derived here is affected by the sample correlation coefficient £ . It should
pe noted that £, would specify the process of short-term interest rates, because the yield R?
is expressed in terms of the current and future short-term interest rates. If one supposes only
£ r=1 and does not make use of any specific # g for the upper bound, any process of the
short-term interest rates, including AR(1) (r+1= A re+q+ € (47, El(res)= Ar,, s>1), would
not be excluded.



VOL.5 NO.2 FLUCTUATIONS IN YIELDS ON BONDS 107

Rt = Et[Rt*] + L . (A~—12)
Now, let us denote ¢ as the forecast error on the yield R,. ¢, is defined as:
Or=a ? Bs(ress— Et[rt+sut]), (A-13)

subsequently, we obtain

Rt* = R[+ é}-L (A_14)

Assuming that the market is rationally forecasting the future short-term interest
rates, the forecast error ¢, can not be correlated with R, which represents the
innovations up to time t, and statistically, the following requirement should be made

COV((St, Rt) =0. (A—IS)‘

Therefore, the variance of Equation (A-14) is proved to be:

VAR(R*) = VAR(R,) + VAR(S,) . (A-16)

Here, since we would be allowed to exclude the possibility of perfect foresight for the
future short-term interest rates, that is there exists the forecast error (VAR
(6 )>0), the variance of R, can be bounded as follows:

VAR(Ry) < VAR(R¢*) . (A-17)

The inequality (A-17) shows that if the yield R, is the equilibrium of the rational
expectations model of the term structure, the upper bound on the variance of R,
would be the variance of the perfect-foresight yield R,*.

However, we have a potential problem to obtain the perfect-foresight yield R *
in carrying out the variance bounds tests. A simplified method, as shown in this
paper, is to compute R;* recursively under a certain terminal value condition that R.*
at the end of the sample equals, for instance, the sample mean of the short-term
interest rate r,. But, as a matter of course, we should note that this manner of
working is grounded on an arbitrary condition.

Appendix III. Problems in the Variance Bounds Tests

Not a few economist have conducted the variance bounds tests to analyse the
volatile movements of asset prices such as stock prices, foreign exchange rates, etc.
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However, it has been pointed out that the analysts should overcome a few technical
problems. So long as the analyses in this paper are based on the variance bounds
tests, we would have to give our ideas on these problems.

1. The Stationarity of Short-term Interest Rates

In making the results of variance bounds tests reliable, it is necessary to testify
that the stochastic process of random variable which imposes an upper bound, that is
short-term interest rates, is stationary, and the variances are constant for all time.

However, regarding the variables of which the number of data is limited such as
economic indicators, since it is difficult to validate the stationarity of the process
without taking their differences,? here we will consider this problem from the gener-
alized idea of consistency between the stochastic process stationarity and the rational
expectations.

If a stochastic process is stationary, the auto-covariance of the process depends
only on a lag but not on the particular time point, which means that the random
variables are generated by a system with a uniform structure. Then, if a stochastic
process is not stationary, it can be inferred that there is no system with a uniform
structure that generates the stochastic process. Therefore, the rational expectations
hypothesis which posits that the stochastic process is forecasted by making an effi-
cient use of all information available is not compatible with the property of unsta-
tionarity. Thus, in the rational expectations model, the stationarity of the process
should be approved, and in this paper we assume that the short-term interest rate is
stationary.

2. Small Sample Bias

Flavin (1983) pointed out that in small samples the variance bounds tests tend to
be biased, often severely, toward rejection of the null hypothesis of market efficien-
cy. In other words, there would be a downward bias on VAR(r,) on the right side of
the variance bounds inequality (10) in this paper. Thus the apparent violation of
market efficiency may be reflecting the sampling properties of the volatility mea-
sures, rather than a failure of the market efficiency hypothesis itself, and he showed
the necessity of adjusting the bias.

According to Flavin, although an unbiased estimate of the variance of the hold-
ing period yield can be obtained simply by taking the sum of squares of the deviations

25. For example, one possible method to testify the stationarity of a process is under the hypoth-
esis of the short-term interest rate process (Z,) being AR(1), to OLS estimate Z,= ¢ Z,—+ €,
and make a hypothesis testing whether ¢ (estimate of parameter) satisfies | ¢ <1 (f it is
satisfied, the variance of the process, V(Z,), is ¢ %(1— ¢ ?) where 0 ? is the variance of white
noise). However, it is rare to obtain the results which state the process being stationary with
regard to data that apparently do not show any cyclical movements.
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of Ht+, form its sample mean and dividing by degrees of freedom rather than sample
size (T), the short-term interest rate, ry, is highly serially correlated, so that the same
correction for degrees of freedom will not eliminate the downward bias in the sample
variance of r,. Using the notation var(r,) for the population variance of r, and var(r)
for the sample variance of r, (computed by taking deviations from the samplé mean),
Flavin denotes the relative bias of var(r,) by

E[var(r,)] 1= var(f,)

var(r,) var(r;)’

where var(f,) is the variance of the sample mean of r,. If the short-term interest rate is
generated by an AR(1) process (r,= £ r,—; +e,), equation above can be evaluated by
straight-forward algebra:

Elvar(r)l _ . 1+p 20(1-°PT)
var(r) ~ (1—-pP)T  (1-p)*T?

Here, we can calculate and correct for the bias to the upper bound of the holding
period yield. I retained the assumption that the short-term interest rates are well
approximated by an AR(1) process with an autoregressive parameter of 0.90 and the
sample size is 110, and obtained the bias around 0.15. In other words, we need to
correct 15% bias to the upper bound. However, we employ the sample variance in
the analyses because of the following reasons: 1) the correction for the bias is based
on the assumption that the process of short-term interest rates can be expressed by a
simple AR(1) model, 2) even if a downward bias of about 15% is taken into account,
the variance bounds inequalities are still sufficiently violated.

Appendix IV. Hypothesis Testing on the Standard Theory

We shall now present more detailed examination with respect to the hypothesis
testing on B . ~ . ’

Since it is clear from the definition that the theoretical value of 3 (= _)-,y ) is
positive without specifying 7, if 8 is proved to be significantly positive, then the
standard expectations model of the term structure basically has no problem. Conse-
quently, we must first consider the case where S is significantly negative. In this
case, the expectations model of the term structure with constant risk premium is not
valid fundamentally, and it is likely that @ is not a constant, in other words, the risk
premium is not time-invariant but varies over time. Let us denote the variable risk
premium as &Y, one can find that its presence produces a downward bias on B
described as follows (case @):

1
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—a-COV(RP—r, % )/VAR(Rt — 1),

Next, if [? =0, that is, if we cannot reject £ being zero, how should we think? It
is possible that in such a situation the market expectations are static and given by,

EJ[R%1 L] =RP.
Here, if we use RI;{ = E[R& 1|+ €1,  the equation becomes:

Rt+1 == R?"‘ €'tr1 ,
and by substituting this for Equation (12), we obtain
1= —{1—7)/P" 1 —7)/7HRP—1)+ €041

Hence, it is obvious that nobody can reject the null hypothesis that ﬁ is zero.
Furthermore, if we assume that the risk premium is constant, the standard error of /3
will be infinite. Then, in the case that the standard error of 3 obtained from estima-
tion takes a fixed value, the risk premium would vary over time even if not widely.
This can be testified by the white noise test of the residual of OLS estimation. And if
the risk premium is significantly zero, the process of yields is a random walk (case
®).

Finally, what has happened if B is significantly above the theoretical value? As
the theoretical value T g is - , the fact that 8 exceeds T 4 means the estimate of
7 is below the theoretical Value which is equivalent to the situation that the weight
of the current short-term interest observed in data is larger than the theoretical
value. In this connection, it is useful to return to Equation (6). Namely,

-1

n__ 1— y 2
Rt = 1= 2 ysEt[rHsIIt] +on.

Y=o

n

S_Y—Tr . . .
From 7=7T" 4> 1t would be obvious that we acquire

n-1
Ri=0Q—#r+1- 7_’)521 PEdress|li]+ 0"

which shows the theoretical value of the weight of the current short-term interest rate
1, is 1= 7. Therefore, if B exceeds significantly the theoretical value, the weight
estimated from the term structure model will exceed its theoretical value. This could
be considered as so-called myopic expectations in the sense that the market over-
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reacts to the current short-term rate (case ©@).
Appendix V. OLS Estimation and Moving-Average Type Error

Equation (18) shows the OLS estimation error term can be primarily expressed
as:

8t =AR:—Ed Rt i) —ret v, (A-18)

The assumption that, for the sake of simplification, R, process would be approxi-
mated as AR(1) (R= ¢ R,—;+ €, € ;- white noise) can be rewritten as:

-1
Rivi = (/}iRt+ Zogbletﬂ—.i
i=

= ¢ R+ :go Petriss, (A-19)

From Equation (A-19), we then obtain:
L
Ri—Ef{Rin] = ($Re1+ &) — (¢ 1Ri_y +§0 detris) t e

= wRi1 +l_ivl 0() €t (A-20)

where

w=(g— ¢

8 (j): weights of € 4;.
When Equation (A-20) is used, and the condition that r, process would also be
approximated as AR(1) (r;=kr,—;+ €, € ": white noise) is added, Equation (A-18)
yields:

i-1
0t = AwR¢-1 + jgo 0G)erss) — (kri+ &)+ e
i-1 _ »
:Z.‘b 0(j)£t+j+(ut—Et/)_l'((DRt—l_krt—l) (A“21)

where 5(j)= A00G), w=i-w.
Accordingly, the process of the error term &, is given by MA(i—1) model.

Appendix VI. On the Hypothesis of COV(r,, $ ,)=0

In calculating Vs( ¢ ?) in Equation (23), we hypothesized COV(r,, ¢ ¥)=0, that
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is, the short-term interest rate and the variable risk premium (formed as the differ-
ence between expected holding period yield and short-term interest rate) are gener-
ally uncorrelated. However, if the short-term interest rate and the variable risk
premium actually have a positive or negative correlation, there would be a bias on
Vs($1). As Equation (22) shows clearly, in the case of COV(r,, $ 1)<0, Vs( ¢ }) will
be under-estimated, and therefore, the bias works in the direction in which it will be
difficult to reject the joint hypothesis. In the case of COV(r, ¢ 1)>0, on the other
hand, Vs( # ) will be over-estimated, and the bias will work in the direction in which
it is easier to reject the joint hypothesis. Although it is necessary to be prudent in
hypothesizing COV(r,, ¢ 1)=0, we believe that COV(r, ¢ 1)=0 is generally
approved in this paper for the following two reasons.

(1) Both Kessel (1965) and Nelson (1970) regressed the variable forward risk pre-
mium on the short-term interest rate and the results showed both positive and nega-
tive correlation. It means we have no consensus on this point.

(2) Although a positive correlation was found both in Japan and the United States
using the theoretical variable risk premium of the sample, its magnitude was about 1
to 7% of Vs( ¢ %) and negligible.

Appendix VII. Formulation of the Variable Risk Premium

The study of risk premiums based on the intertemporal asset pricing theory
began with Lucas (1978) in the form of analysis of agents’ subjective behavior under
uncertainty and developed thereafter particularly in relation to tests on the efficiency
hypothesis in the forward foreign exchange market. (see Hansen — Hodrick (1983),
Hodrick (1981) and so forth).

The under-mentioned formulation of the variable risk premium followed the
procedure in Shikano (1984), Mark (1985) etc. From Equation (24) we see

U'(Cy) U'(Cer1) 5
—p L= pEp Vil (A-22)

Since P;, U'(C,) is considered to be known at time t, dividing both sides of Equation
(A-22) by 1/P,, U’(C,), we then obtain:

[U(Cir1) P .
(o) P Vet

1= BE, (A-23)

Now, V)i+; (one-period nominal return on asset j) is defined as:

Vir = (Pl +C')/Pi (A-24)
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where,
Pi{ : price of asset j at time t
C’ : coupon payment for asset j .

The equilibrium condition when an investor invests in a risky asset (bonds,
holding period yield H,+,) is expressed as:

_ o [UCy) Po )
1= BB Sy g (Hea + DI (A-25)

and likewise when he invests in a risk-free asset (short-term interest rates, yield ry), it
becomes:

U(Cuir), Py

1= 8B U(C) Pe

(et DI (A-26)

Since the risk premium 3, is defined as the difference between the expected
holding period yield on risky assets and the yield on risk-free assets, that is:

$1= EHerall] =i = E(Hee +1L] = (r+1), (A-27)

we need to be provided with E[H,+;+1|L,] and r,+1 from Equations (A-25) and
(A-26). Let us denote here:

Q= U,(Ct+1). Py
U(C) P

From Equation (A-25) it is obvious:

%: EQILIE Hosy +1/L]+ COVIQ- (Her + 1)L

therefore, we get:

_ 1= B{E(QILIE[Hit1 +1|I] —E[Q- (His1 + DIL]

E[He +1]1] = L ) (a-28)

On the other hand, as r, is known at time t, Equation (A-26) produces,

1
rit+1= BEOL] - (A-29)

When Equations (A-28) and (A-29) are substituted, Equation (A-27) becomes:

BEQILIE[He i + 1T —EQ- (He s + DIL]
BELQIL] :

$,= (A-30)
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Appendix VIII. Bond Price and Rational Bubble

It is generally known that in asset prices such as stock prices, foreign exchange
rates, etc. generate rational bubbles (bubbles consistent with the rational expecta-
tions). However, we will demonstrate that rational bubbles cannot be generated in
the bond pricing model.

Let us consider a model where the price of an asset X at time t, x(t), is deter-
mined by the economic fundamentals at time t, z(t), and the expected price of the
asset X at time t+1. That is,

x(t) = aEy x(t+1)+8 z(t), 0<a<1 (A-31)

where Ex(t+1) is the expected value of x(t+1) given information at time t. Rational
expectations models usually assume that the current price x(t) reflects only current
and future expected values of economic fundamentals. Consequently, the rela-
tionship in (A-31) is expected to hold at time t+1 and t+2 as well. And repeating the
procedure for the asset price until time t+n—1, the following equation is obtained:

-1
x()= @By x(t+n)+ 83 @'Burlt+i). (A-32)
Here, when we take a limit of Equation (A-32), we are given:
x(t) =lima"E x(t+n)+ 8 g @Eiz(t+i) . (A=33)
n-oo =

Since 0< @ <1 and the bonds have some limited years to maturity, that is, Ex(t+n) is
always finite, lim @?Exx(t+n)=0. Consequently, Equation (A-31) would be:

x(t) =8 io @By 2(t+i) (A-34)

Thus, in the case of price of bonds, x(t) can be written as a weight average of current
and future values of economic fundamentals (specifically short-term interest rates)
and the rational bubble would not generate.
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