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Abstract

This paper studies the empirica equity duration by examining the
sengitivity of stock returns to interest rate changes. In the regression
framework, we control for three important asset-pricing factors, namely the
market excess returns, and Fama and French’s (1993) two factors
constructed on firm-size and book-to-market ratio. To account for possible
biases generated from the collinearity between the market excess return
and the interest rate change, this paper extends the work of Cornell (2000)
by taking care of the collinearity problem with Fama and French’s
orthogonalized market factor. This alows us to obtain a more viable
estimate of the empirical equity duration. Furthermore, considering the
time-varying nature of the empirical equity duration, we also test for the
most recent break point of the regression relationship by the reversed
ordered Cusum test (Pesaran and Timmermann, 2002), and propose a most
up-to-date estimate of empirical equity duration, which is important for
investors who view the empirical equity duration as important information
in constructing their investment strategies.
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1. Introduction

Compared to the theoretical equity duration calculated on the basis of the
dividend discount model, the empirical equity duration measured by the sensitivity of
common stock returns to interest rate changes, is more appropriate and important for
fund managers and investors to assess the overall interest rate risk exposure of their
portfolios.

In its most primitive form, the empirical equity duration istypically estimated by
regressing stock returns on interest rate changes. However, as pointed out by Cornell
(2000), asimple univariate regression of stock returns on interest rate changes may
produce spurious results when other important explanatory variables are omitted from
the regression. To ensure model adequacy, previous studies also include in their
regression models other influential asset pricing factors as explanatory variables, such
as the market excess returns (Sweeney & Warga, 1986; Hevert, McLaughlin, &
Taggart, 1998; Cornell, 2000; and Reilly, Wright, & Johnson, 2007); and
Fama-French’s (1993) size and book-to-market (B/M) factors (Cornell, 2000). For
example, Hevert, McLaughlin, and Taggart (1998, HMT hereafter) find that the
estimated duration switches from negative to positive for high growth (low
book-to-market) portfolios when the market return is added as an additional
explanatory variable. HMT conclude that growth opportunity leads to positive equity
duration. To examine more fully the impact of the specification of the regression
model on empirical estimates of equity duration, Cornell (2000) extends HMT’s work
by dividing HMT’s sample into 25 size-B/M sorted portfolios, and demonstrating
what HMT see as a book-to-market effect is a pure size effect. Cornell deduces that
HMT’s finding is seen to be an artifact of failing to include Fama and French’s (1993)
two factors constructed on firm-size (SMB) and book-to-market ratio (HML) in the

regression. By employing afull Fama-French three-factor model, Cornell (2000)



shows that none of the estimated equity durationsis significantly different from 0O, and
thereis no longer any evidence of size, or B/M variation in equity durations. Since the
coefficient of the change in the interest rate is highly sensitive to the other explanatory
variable included in the regression, Cornell (2000) concludes that the relation between
stock returns and changes in interest rates depends critically on the conditioning
variables, especially the market factor.

Despite acknowledging the importance of controlling for the impact of the
market factor, past studies of empirical equity durations fail to account for the
possible collinearirty problem between market excess returns and interest rate changes,
which may contribute to biased parameter estimates in the regression framework.
Such a problem is not unusual, because existing common factors such as financia
distress risk often generate a certain degree of correlation between the stock market
and the bond market. For example, Fama and French (1993) find that, when the
interest rate factor is added as the fourth explanatory variable in their celebrated
three-factor model, the impact of interest rate factor tends to be absorbed by the
market factor, and causes insignificant parameter estimate on the interest rate factor.
What’s more interesting is that Fama and French (1993) also suggest to remedy the
problem by replacing the market excess returns with the orthogonalized market factor
to eliminate collinearity between the market excess returns and the interest rate
changes. Although the collinearity problem was a so noted by Cornell (2000), no
attempt has been made to remedy the entailed statistical problem. Consequently, the
main aim of this paper is to extend the work of Cornell by taking care of the
collinearity problem with Fama and French’s orthogonalized market factor, which
allows us to obtain a more viable estimate of the empirical equity duration.

Empirical studiesin the literature also reveal that the estimated equity durations

aretime-varying. For example, Reilly et al. (2007) apply the rolling windows in their
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empirical investigation, and find evidence supporting that empirical equity durations
vary over time, which implies the relationship between stock-returns and interest rate
changes may exhibit structural breaks. From the historical perspective, it may be
interesting to detect and to date all of the structural break points. Nevertheless, since
most investors probably care more about “the nearest-future relationship between the
stock returns and the interest rate changes” than about “how many times this
relationship has broken so far”, we decide to focus on estimating the most up-to-date
empirical equity duration. To facilitate our analysis, we adopt the two-stage reversed
ordered Cusum test propsoed by Pesaran and Timmermann (2002), which alows
researchers to date the most recent break point.! Compared with other popular
parameter-instability models, Pesaran and Timmermann find that the reversed ordered
Cusum test performs much better in predicting future changes in stock returns than
other models. In other words, even in the situation of multiple structural breaks, using
all available historical datato simultaneously estimate all the possible break points
and time-varying parameters does not help in correctly predicting future relationship
between the dependent variable and explanatory variables. Therefore, the second aim
of this paper isto propose an up-to-date empirical equity duration based on Pesaran
and Timmermann’s two-stage reversed ordered Cusum test. This would be very
helpful for investors who view the empirical equity duration as important information
in constructing their investment strategies.

Therest of the paper is organized as follows. In section 2, we lay out the
methodology adopted in this paper. Section 3 presents our empirical results. Section 4

concludes the paper.

! What motivates Pesaran and Timmermann’s reverse ordered Cusum test is a practical one. That is,
when facing with the possibility that model parameters might change over time, model users are often
confronted with the problem in deciding how much historical data are adequate in correctly estimating
the relationship between the dependent variable and the explanatory variables.
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2.  Methodology

2.1 Estimating the Empirical Equity Duration

As employed in the literature, there are three main types of regression models as

follows.
R.=o,+ED Al +¢, Q)
R.=a +ED Al +B, R, +¢&;,. (2
Ri=a,+ED Al + B, R, +5S Rs:nb,t+hi R T &ir- (3)

whereR , denotes excess returns on portfolioi; Al, isthe interest rate change;
ED; represents empirical equity duration of the portfolio considered; R isthe

market excessreturn; R, and R, arereturnsto the Fama-French mimicking

portfolios formed on size and book-to-market ratio, respectively.
All three types of models try control for risk factor(s) to some extent in order to

examine the real impact of interest rate changes on stock returns.

2.2 Collinearity Problem

In this paper, we follow the literature in using regression models to estimate the

empirical equity duration. In addition to the interest rate changes, our regression

2 Famaand French construct the factor returns as follows. Each June, NY SE, Amex, and Nasdag
stocks are allocated to two size groups, S and B, depending on whether the market equity is below or
above the NY SE median. Stocks are also allocated to three book-to-market groups based on the bottom

30%, middle 40%, and top 30% break points for book-to-market ratio for NY SE stocks. R, . isthe
average monthly return on stocks in the three small-firm portfolios (one for each book-to-market ratio
category) minus the average return on the three large-firm portfolios. Similarly, R, ¢ istheaverage
monthly return on the two highest book-to-market portfolios (for both size groups) minus the average
return on the two lowest book-to-market portfolios. Rm’t isthe return on the value-weighted average

of all stocks that go into construction of the size and book-to-market portfolios, net of the one-month
Treasury bill rate.



model also includes three important asset pricing factors, namely: market excess
returns, size factor, and book-to-market factor. In doing so, one needs to worry about
potential biases on the estimate caused by collinearity existing among interest rate
changes and the three asset pricing factors. Fama and French (1993) find statistical
significance of bond risk factor in explaining stock returns when the bond risk factor
isthe sole explanatory variable. However, when other equity risk factors, such asthe
market excess returns, are also included as explanatory variables, the significance on
the bond risk factor disappears. Fama and French (1993) deduce that such results
occur because stock markets are not completely isolated from the bond markets. In
particular, the two markets are very likely linked through a common risk factor. As a
result, when the bond risk factor is collinear with the equity risk factors, the impact of
the bond risk factor on stock returns are absorbed by the equity market factors,
particularly the market excess returns, which leads to insignificant coefficient estimate
on the bond risk factor. Similar problems also occur in Cornell (2000) and Reilly et
a.(2007). To resolve such a problem, Fama and French (1993) propose replacing the
market excess returns with the orthogonalized market factor to reduce interference on
the bond risk factor from the market factor. Specifically, regress the market excess

returns on other explanatory variables as follows,
Rm,t = aAl, +astmb,t +aSRhml,t TEmy- (4)

The estimated residuals from the above regression are defined as the orthogonalized

market factor (RMO,, hereafter),

RMO, = ém,t =R, — Al - &, Rebr — R, L 5)
Intuitively, RMO, represents the part of market excess returns which cannot be

explained by interest rate changes, the size factor, or the book-to-market factor.

After replacing the market excess returns with the orthogonalized market factor,



the regression model is modified as follows,
R =0 +(~ED,)Al, + 5 RMO, +§ Ry + N Ry +5;, (6)

This completes the description of the regression model adopted in this paper.

2.3 The Reversed Ordered Cusum Test

Asdemonstrated in Reilly et al. (2007), the empirical equity durations are
time-varying, which implies the relationship between stock-returns and interest rate
changes is not time-invariant, and may exhibit multiple structura break points. In the
literature, there exist many econometric models in estimating unstable parameters,
such as the recursive least squares model, the rolling least squares model, the
time-varying parameters model, and the multiple structural break model of Bai and
Perron (1998). Since most investors probably care more about “the nearest-future
relationship between the stock returns and the interest rate changes” than about “how
many times this relationship has broken in the past”, we decide to focus on the most
recent structural break point, and estimate the most up-to-date empirical equity
duration based only on data after the break date. To facilitate our analysis, we adopt
the two-stage reversed ordered Cusum test propsoed by Pesaran and Timmermann
(2002).

In the following, we summarize Pesaran and Timmermann’s (2002) methodol ogy.>
To begin with, the reversed ordered Cusum test reverses the order of the historical
data, i.e. treat the most recent observation as the first record, and the most distant

observation as the last record.

!

Xp .= (X X greee Xeas X, ) - 7)

T+11

~

YT,T = (yT ' nyli"" y‘[+l' y‘[)

!
)

Then, the recursive least squaresis applied to the order-reversed sample, which yield

% See Pesaran and Timmermann (2002) for detail description of the reversed ordered Cusum test
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the following parameter estimate

_~ ~ ~ —1 ~ ~ ~ o~

Bo=(X, X, J'Xe ¥, c=T.T-1..21 8
where the shortened estimation period (T ~T+ 1) must be greater than the number of

explanatory variablesp, i.e. (T ~T+ 1) > p, to ensure the functionality of the least

squares. The resulting recursive residual at periodz isthen defined as

ér :y‘z‘_ﬂz‘,—lx‘[i T:-F,-F_l...,z,l. (9)
The corresponding standardized recursive residual at periodz is

T

v =Z—f, r=T,T-1..21. (10)
where

~ ~ 1 /12 ~ o~
d, = (1+ X (X X .,) x,)l S or=T,T-1..2L (1)
Based on the standardized recursive residual, the reversed ordered Cusum statistic is

defined as follows,
T 1 -
WWr,TZZ\?jz/Zﬁjz, t=T,T-1...,21. (12)
According to Brown, Durbin, and Evans (1975), under the null of no structural change

on the model parameter, the confidence interval of the above reversed ordered Cusum

statistic can be specified as

_ITP (o) EEP e EEP 13
e ( , - (13

where
c'= max (V\/\Np+i - I—J , C = max (I— —V\vaﬂj : (14
i=1,...,T-p-1 T-p i
Furthermore, to control for the estimated parameter variance, Pesaran and

Timmermann (2002) suggest the shortest estimation period (T ~T+ 1) tobe set to at

least two to three times the number of parameters.



3. Empirical Results
3.1 Thelnterference of the Market Factor

In order to clarify the influence of the market excess return on the interest rate
change, we need to see the difference between the results of regressionsin which the
market factor is added or not. What we are going to do is exactly to compare the
results of Equation (1) with the ones of Equation (2) and (3). The sample period is
January 1966 through December 1998, the same as Cornell’s (2000).

Table 1, corresponding to Equation (1), shows that used alone as the explanatory
variable in the regression, the interest rate change does explain stock returns. We find
that the 25 stock portfolios formed on size and book-to-market ratio all produce
significantly negative equity durations ranging between 3.54 and 5.41. Exhibit 1
displays the estimated equity durations as a bar and the associated t-statistics as aline.
The 25 portfolios on the x-axis are arranged first by size and then by book-to-market
ratio. The quintile of the smallest firmsis on the far left, and that of the largest ison
the far right. Within each size quintile, the portfolios run from low book-to-market to
high. From Exhibit 1, we recognize that there is a monotonic relationship between
equity duration and size or book-to-market ratio. The estimated equity durations
decrease when moving from small to large firms, and also when moving from low to
high book-to-market portfolios. But, on the other hand, the t-statistics have a different
pattern. As firm size or book-to-market ratio increases, the t-statistics rise. However,
the interest rate change does not explain much of stock returns. All of the 25 adjusted
R? value are merely below 0.14. And it means that there is alarge part of stock returns
not explained by the interest rate change.

[ Insert Table 1 and Exhibit 1]

In addition to the single effect of bond risk factor on stock returns, we next

10



regress the 25 portfolios returns on three stock-pricing factors — the market, size, and
book-to-market factors to see influences of these factors. Table 2 presents that these
three stock risk factors explain much more stock returns than the interest rate change
does (see Table 1). All of the 25 adjusted R? value are above 0.82 and the coefficients
of the three factors are amost reliably different from 0, except the hs of two portfolios
in the second book-to-market ratio quintile. From the results of Table 1 and 2, we
know that the interest rate change and the three stock risk factors al have significant
explanatory power on stock returns, but with different degrees.

[ Insert Table 2]

Table 3, corresponding to Equation (2), indicate that adding the market factor to
the regressions has an interesting effect on the estimated equity durations. In
regressions of Table 3, six large-size portfoliosin the middie-B/M quintile still have
significantly negative estimated equity durations. But the rest 19 portfolios’ equity
durations alter to be indistinguishable from 0 or significantly positive. From Exhibit 2,
we realize that equity durations are much smaller and seem to be periodically
insignificantly different from zero. Most important, there is a cross-sectional pattern
on size and book-to-market ratio. The estimated equity durations switch from positive
to negative when moving from small to large firms if we ignore ones in the lowest
book-to-market quintile. Furthermore, there is a decreasing tendency in equity
durations when moving from low to high book-to-market portfolios.

[ Insert Table 3 and Exhibit 2]

In Table 4, corresponding to Equation (3), when all three stock risk factors are
added to the regression, the pattern of results changes once again. All the estimated
equity durations for the 25 portfolios are smaller, and most of them are indifferent
from O or reliably positive. Exhibit 3 reveals that there is a cross-sectional but

reverting pattern on size. The estimated equity durations switch from positive to
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negative when moving from small to medium-size firms, but revert to positive for
large firms. Moreover, a decreasing trend a so exists when moving from low to high
book-to-market portfolios, except in the largest-size quintile with arise pattern. All of
the R’s for the regressions are just alittle bit higher than ones of the regressionsin
Table 2 where three stock risk factors are explanatory variables. Therefore, adding the
interest rate change into this three-factor model has no impact on model’s explanatory
power.

[ Insert Table 4 and Exhibit 3]

As Cornéll reports, there are substantial changes in the estimated equity
durations when progressing from a univariate regression to the model adding the
market return, and finally to the full three-factor model. He demonstrates that the
significant relation between the market factor and changes in interest rates causes
these results. The impact of interest rate changes on stock returnsis transmitted
almost exclusively through the market factor. In our sample, the correlation
coefficients between the market excess return and the interest rate changeis-0.3
showing that the market factor is highly correlated with the interest rate change.
However, the correlation coefficients of -0.02 and -0.04 between the interest rate
change and the size factor, the book-to-market factor showing that the interest rate
changeis not highly related with the size and book-to-market factors. Therefore, we
also suggest that the collinearity existing between the interest rate change and the
market excess return causes this phenomenon. However, Cornell does not further deal
with such problem, but concludes that the relation between stock returns and changes
in interest rate depends critically on the conditioning variables, such asthe
Fama-French’s size and book-to-market factors. Here, to accommodate such a
problem in estimating the empirical equity durations, we follow Fama and French

(1993) by replacing the market excess returns with the orthogonalized market factor.
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3.2 The Estimated Equity Durations on the Full Sample

After the orthogonalized market factor is used to replace the market excess return,
the resultsis shown in Table 5. Notice that the market fsin Table 4 and Table 5 are
almost the same, so are the adjusted R? values. Therefore, the explanatory power of
this four-factor model is not influenced if we replace the market factor with the
orthogonalized one.

Compared to the results of Table 4, Table 5 reveals that changesin interest rate
can explain much more stock returns after the orthogonalized market factor isa
substitute for the market factor. The 25 stock portfolios al produce significantly
negative equity durations ranging from 3.41 to 5.35, like the results of Equation (1) in
Table 1. From Exhibit 4, we can see that the cross-sectional pattern on the size and
book-to-market ratio still exists. As firm size or book-to-market increases, the
estimated equity duration as well as the associated t-statistic decrease.

Exhibit 5 displays the estimated equity duration and the market fs. As we can see
that there is a positive rel ationship between them. In each size quintile, the marketps
aswell asthe equity durations show a negative relation with the book-to-market ratio.
While the book-to-market ratio increases, the market 3 decreases, so does the equity
duration. Therefore, we say that portfolios with low interest rate sensitivity tend to
face high market risk.

[ Insert Table 5, Exhibit 4 and 5)
3.3 Sructural Changes of Equity Duration

Since we have confirmed the validity of model to estimate equity durations of
stock returns, we next conduct the reversed ordered Cusum test to examine the most
recent structural break point for our model. Before doing that, let’s first look at the

estimated 36-month moving average equity durations to realize dynamic patterns of

13



equity durations over time.

Exhibit 6 shows that al 25 portfolios formed on size and book-to-market ratio
produce time-varying empirical equity durations, which implies the relationship
between stock returns and interest rates is not time-invariant. Most estimated equity
durations are negative before around 2002, but positive after 2002. Besides, it seems
that there are two structural changes during the period 1966-2008. One is about in
1981 and the other in 2002. Before 1981, equity durations for most portfolios are
more volatile but become stable after that. During the latter period of 2002-2008,
equity durations have ever risen sharply but finally declined.

[ Insert Exhibit 6]

Table 6 presents the results of the reversed ordered Cusum test. Here, the sample
period is January 1990 to December 2008 because what we care about is the most
“up-to-date” empirical equity duration. From Table 6, we can see that the most recent
structural break for most portfolios happened in early 2000s. That is exactly when the
Internet bubble burst. In addition, it is worth to note that the detected most recent
structural break dates of some portfolios vary with different shortest estimation
windows. Pesaran and Timmermann (2002) do not specify rules of setting the shortest
estimation window; just roughly suggest to be set to at |east two to three times the
number of parameters. Thus, we test by starting with the setting as 10, and choose the
one with the highest adjusted R%.

[ Insert Table 6]

Table 7 presents the estimated results after the most recent break date. Notice
that all the 25 adjusted R? values are above 0.86, not lower than the full sample
models. So it doesn’t affect the adequacy of regression if considering the structural
breaks. The relationship between stock returns and changes in interest rate has

converted to be positive. There are 21 portfolios producing significantly positive
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equity durations, and other 4 having insignificant ones. From the panel (a) of Exhibit
7, we know that there is not a cross-sectional pattern on size any more. At afist glance,
small firms seem to have lower equity durations than large firms. However, the
smallest growth firms have higher equity durations than most of the large firms.
Besides, thereis either no cross-sectional pattern on book-to-market ratio from the
panel b of Exhibit 7.

[ Insert Table 7 and Exhibit 7]

4. Conclusion

This paper studies the empirical equity duration by examining the sensitivity of stock
returnsto interest rate changes in the regression framework that control for three
important asset-pricing factors, namely the market excess returns, and Fama and
French’s (1993) two factors constructed on firm-size and book-to-market ratio.
Compared to the existing literature, the contribution of this paper is twofold. First of
all, although the collinearity problem was aso noted by Cornell (2000), no attempt
has been made to remedy the entailed statistical problem. This paper takes care of the
collinearity problem with Fama and French’s orthogonalized market factor, which
allows us to obtain a more viable estimate of the empirical equity duration. Secondly,
considering the time-varying nature of the empirical equity duration, we also test for
the most recent break point of the regression relationship by the reversed ordered
Cusum test (Pesaran and Timmermann, 2002), and propose a most up-to-date estimate
of empirical equity duration, which isimportant for investors who view the empirical

equity duration as important information in constructing their investment strategies.
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Tablel
Regressionson theinterest rate changes

R,l = a, +(_ EDu) Alt +8i,1

Book-to-mar ket Size quintile
ratio quintile Small 2 3 4 Big
a

Low 0.125 0.38 0.445 0.476* 0.491**
(0.326) (1.046) (1.34 (1.651) (2.058)

2 0.664** 0.624** 0.682** 0.43* 0.533**
(1.995) (2.067) (2.505) (1.664) (2.346)

3 0.712** 0.841** 0.68** 0.67** 0.485**
(2.363) (3.094) (2.795) (2.821) (2.288)

4 0.935** 0.949** 0.845** 0.745** 0.613**
(3.298) (3.752) (3.693) (3.421) (3)

High 1.031** 1** 0.93** 0.858** 0.696**
(3.438) (3.557) (3.527) (3.332) (3.057)

ED

Low -3.538** -4.142** -4.317*%* -4.265** -3.709**
(-3.044) (-3.765) (-4.296) (-4.88) (-5.135)

2 -3.706** -4.286** -4.65** -4.815** -4.147*%*
(-3.679) (-4.69) (-5.64) (-6.149) (-6.026)

3 -3.893** -4.512** -4.922** -4.944** -4.132**
(-4.27) (-5.482) (-6.683) (-6.872) (-6.442)

4 -3.779%* -4.766** -4.804** -5.411** -4.084**
(-4.402) (-6.223) (-6.934) (-8.202) (-6.598)

High -3.653** -4.668* * -4.797*%* -4.89** -3.868**
(-4.023) (-5.483) (-6.008) (-6.275) (-5.612)

Adj R®

Low 0.02 0.032 0.042 0.055 0.06

2 0.031 0.05 0.072 0.085 0.082

3 0.042 0.069 0.1 0.105 0.093

4 0.044 0.087 0.106 0.144 0.097

High 0.037 0.069 0.082 0.089 0.072

1.*,** indicate significant at the 10% and 5% levels, respectively.
2. Thet-statistics are in parentheses.
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Table 2

Regressions on the market excessreturn and the mimicking returnsfor the sizeand
book-to-market factors

R‘t =a,+p, Rm +5 Rs‘rb,t +h Rmu +é&,

Book-to-mar ket Size quintile
ratio quintile Small 2 3 4 Big
a
Low -0.495** -0.116 -0.027 0.089 0.233**
(-5.008) (-1.527) (-0.352) (1.254) (3.604)
2 -0.057 -0.033 0.054 -0.176** 0.034
(-0.786) (-0.525) (0.758) (-2.191) (0.509)
3 -0.033 0.122** -0.023 -0.021 -0.061
(-0.553) (1.977) (-0.325) (-0.275) (-0.735)
4 0.155** 0.169** 0.096 -0.001 -0.071
(2.598) (2.855) (1.472) (-0.018) (-1.023)
High 0.125* 0.071 0.017 -0.037 -0.123
(1.929) (1.1) (0.223) (-0.392) (-1.206)
B
Low 1.044** 1.093** 1.097** 1.053** 0.951**
(42.95) (58.271) (58.596) (60.606) (59.722)
2 0.983** 1.022** 1.024** 1.083** 1.043**
(55.081) (65.37) (58.137) (54.931) (63.326)
3 0.947** 0.971** 0.985** 1.058** 0.997**
(63.688) (63.8) (56.611) (57.338) (48.482)
4 0.917** 0.976** 0.976** 1.017** 1.007**
(62.304) (67.035) (60.678) (56.312) (58.764)
High 0.962** 1.064** 1.07** 1.124** 1.032**
(60.48) (67.235) (55.715) (47.913) (41.026)
S
Low 1.4** 1.037** 0.735** 0.319** -0.239**
(40.193) (38.558) (27.379) (12.819) (-10.466)
2 1.27** 0.919** 0.624** 0.272** -0.197**
(49.646) (41.005) (24.702) (9.621) (-8.325)
3 1.13** 0.841** 0.532** 0.236** -0.267**
(53.028) (38.531) (21.303) (8.917) (-9.071)
4 1.061** 0.717** 0.444** 0.204** -0.186**
(50.254) (34.332) (19.255) (7.862) (-7.559)
High 1.154** 0.838** 0.613** 0.328** -0.022
(50.63) (36.919) (22.27) (9.748) (-0.604)
h
Low -0.283** -0.52*%* -0.474** -0.473** -0.463**
(-7.125) (-16.929) (-15.483) (-16.645) (-17.779
2 0.098** 0.02 0.054* 0.056* 0.014
(3.343) (0.786) (1.869) (1.749) (0.534)
3 0.256** 0.268** 0.326** 0.316** 0.217**
(10.534) (10.762) (11.447) (10.479) (6.456)
4 0.407** 0.464** 0.487** 0.52** 0.522**
(16.901) (19.47) (18.522) (17.598) (18.628)
High 0.635** 0.683** 0.718** 0.713** 0.769**
(24.419) (26.359) (22.837) (18.569) (18.688)
Adj R?
Low 0.939 0.96 0.952 0.946 0.935
2 0.956 0.96 0.939 0.917 0.925
3 0.964 0.954 0.928 0.916 0.867
4 0.96 0.953 0.931 0.908 0.901
High 0.958 0.954 0.924 0.882 0.823

1. *,** indicate significant at the 10% and 5% levels, respectively.
2. Thet-statistics are in parentheses.
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Regressions on theinterest rate changes and the market excessreturn

Table 3

R,t =q +(_ ED| )Alt +ﬁi Rm,l +gi,1

Book-to-mar ket Size quintile
ratio quintile Small 2 3 4 Big
a

Low -0.609** -0.361** -0.255* -0.151 -0.02
(-2.793) (-2.088) (-1.846) (-1.508) (-0.218)

2 0.03 0.007 0.107 -0.133 0.033

(0.156) (0.048) (0.957) (-1.527) (0.47)

3 0.136 0.295** 0.175 0.16* 0.044
(0.796) (2.17) (1.616) (1.806) (0.472)
4 0.402** 0.443** 0.375** 0.292** 0.196**
(2.414) (3.457) (3.538) (3.035) (2.024)
High 0.49** 0.458** 0.417** 0.349** 0.274**
(2.59 (2.925) (2.899) (2.587) (1.996)

ED

Low 2.517** 1.973** 1.454** 0.909** 0.506*
(3.662) (3.619) (3.339) (2.887) (1.765)

2 1.526** 0.807* 0.094 -0.164 -0.022
(2.544) (1.797) (0.267) (-0.595) (-0.099)

3 0.856 -0.009 -0.757** -0.729** -0.497*
(1.587) (-0.02) (-2.215) (-2.613) (-1.684)
4 0.62 -0.593 -0.925** -1.673** -0.638**
(1.179) (-1.466) (-2.765) (-5.505) (-2.092)

High 0.812 -0.195 -0.565 -0.695 -0.387
(1.361) (-0.394) (-1.245) (-1.631) (-0.894)

B
Low 1.463** 1.478** 1.395** 1.25%* 1.019**
(29.102) (37.049) (43.778) (54.259) (48.559)
2 1.265** 1.231** 1.247** 1.124** 0.997**
(28.823) (37.485) (44.335) (55.791) (60.834)
3 1.148** 1.088** 1.007** 1.019** 0.878**
(29.078) (34.643) (40.285) (49.951) (40.719)
4 1.063** 1.008** 0.937** 0.903** 0.833**
(27.657) (34.062) (38.319) (40.62) (37.326)
High 1.079** 1.081** 1.023** 1.014** 0.841**
(24.716) (29.896) (30.775) (32.525) (26.535)
Adj R®

Low 0.689 0.784 0.837 0.888 0.865

2 0.688 0.792 0.845 0.897 0.912

3 0.695 0.77 0.824 0.878 0.826

4 0.675 0.768 0.811 0.835 0.801

High 0.622 0.715 0.73 0.752 0.667

1.*,** indicate significant at the 10% and 5% levels, respectively.
2. Thet-statistics are in parentheses.
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Table4
Regressions on the interest rate changes, the market excessreturn and the mimicking returnsfor
the size and book-to-market factors

R‘t =q +(_ ED| )Alt +ﬁi Rm +5 Rsrrbm +h mel,t +&

Book-to-mar ket Size quintile
ratio quintile Small 2 3 4 Big
a
Low -0.518** -0.126* -0.032 0.089 0.232**
(-5.298) (-1.656) (-0.414) (1.25) (3.568)
2 -0.072 -0.035 0.062 -0.168** 0.03
(-0.997) (-0.555) (0.869) (-2.097) (0.452)
3 -0.04 0.13** -0.006 -0.009 -0.062
(-0.665) (2.101) (-0.079) (-0.122) (-0.738)
4 0.148** 0.182** 0.111* 0.025 -0.077
(2.473) (3.094) (1.709) (0.354) (-1.099)
High 0.107* 0.069 0.019 -0.038 -0.14
(1.682) (1.073) (0.245) (-0.396) (-1.369)
ED
Low 1.028** 0.43* 0.211 -0.003 0.065
(3.349) (1.793) (0.881) (-0.012) (0.319)
2 0.652** 0.089 -0.354 -0.321 0.164
(2.88) (0.445) (-1.571) (-1.27) (0.778)
3 0.301 -0.338* -0.772%* -0.506** 0.021
(1.581) (-1.737) (-3.51) (-2.148) (0.08)
4 0.33* -0.561** -0.641** -1.17*%* 0.243
(1.753) (-3.038) (-3.146) (-5.224) (1.105)
High 0.779** 0.066 -0.08 0.02 0.719**
(3.889) (0.324) (-0.323) (0.067) (2.242)
4
Low 1.074** 1.106** 1.103** 1.053** 0.953**
(41.842) (55.241) (55.051) (56.554) (55.855)
2 1.002** 1.024** 1.013** 1.073** 1.048**
(52.971) (61.178) (53.865) (50.916) (59.419)
3 0.956** 0.961** 0.962** 1.043** 0.997**
(60.187) (59.15) (52.406) (53.059) (45.273)
4 0.927** 0.959** 0.957** 0.982** 1.014**
(58.995) (62.209) (56.217) (52.493) (55.318)
High 0.985** 1.066** 1.068** 1.124** 1.053**
(58.907) (62.869) (51.886) (44.738) (39.33)
s
Low 1.39** 1.033** 0.732** 0.319** -0.24**
(40.225) (38.333) (27.171) (12.749) (-10.439)
2 1.263** 0.918** 0.627** 0.275** -0.198**
(49.622) (40.744) (24.787) (9.705) (-8.357)
3 1.127** 0.844** 0.54** 0.241** -0.268**
(52.752) (38.624) (21.841) (9.119) (-9.028)
4 1.057** 0.722** 0.451** 0.216** -0.188**
(50.006) (34.823) (19.681) (8.572) (-7.631)
High 1.146** 0.837** 0.614** 0.328** -0.029
(50.95) (36.687) (22.179) (9.687) (-0.812)
h
Low -0.259** -0.51** -0.469** -0.473** -0.462**
(-6.499) (-16.38) (-15.069) (-16.356) (-17.412)
2 0.113** 0.022 0.046 0.049 0.018
(3.836) (0.852) (1.56) (1.494) (0.665)
3 0.263** 0.26** 0.308** 0.304** 0.218**
(10.666) (10.302) (10.792) (9.97) (6.358)
4 0.415** 0.451** 0.472** 0.493** 0.528**
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Book-to-mar ket Size quintile
ratio quintile Small 2 3 4 Big

(16.985) (18.809) (17.862) (16.946) (18.529)

High 0.653** 0.684** 0.716** 0.713** 0.786**
(25.149) (25.96) (22.383) (18.256) (18.881)

Adj R?

Low 0.94 0.96 0.952 0.946 0.934

2 0.957 0.96 0.94 0.917 0.925

3 0.964 0.955 0.93 0.917 0.866

4 0.96 0.954 0.933 0.914 0.901

High 0.959 0.954 0.924 0.882 0.825

1.*,** indicate significant at the 10% and 5% levels, respectively.
2. Thet-statistics are in parentheses.
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Table5
Regressions on the interest rate changes, the orthogonalized mar ket factor and the mimicking
returnsfor the size and the book-to-mar ket factors

R‘t =0, +(_ ED| )Alt + ﬁi RMOt +S Rsrrbx + h melm +&,

Book-to-mar ket Size quintile
ratio quintile Small 2 3 4 Big
a
Low -0.518** -0.126* -0.032 0.089 0.232**
(-5.298) (-1.656) (-0.414) (1.25) (3.568)
2 -0.072 -0.035 0.062 -0.168** 0.03
(-0.997) (-0.555) (0.869) (-2.097) (0.452)
3 -0.04 0.13** -0.006 -0.009 -0.062
(-0.665) (2.101) (-0.079) (-0.122) (-0.738)
4 0.148** 0.182** 0.111* 0.025 -0.077
(2.473) (3.094) (1.709) (0.354) (-1.099)
High 0.107* 0.069 0.019 -0.038 -0.14
(1.682) (1.073) (0.245) (-0.396) (-1.369)
ED
Low -3.539** -4.271** -4.476** -4.479%* -3.987**
(-12.316) (-19.065) (-19.969) (-21.496) (-20.876)
2 -3.607** -4.265** -4.662** -4.883** -4.289**
(-17.039) (-22.763) (-22.143) (-20.701) (-21.739)
3 -3.762** -4.424** -4.863** -4.937** -4.218**
(-21.171) (-24.328) (-23.663) (-22.454) (-17.112)
4 -3.611** -4.638** -4.708** -5.345** -4.068* *
(-20.534) (-26.883) (-24.721) (-25.531) (-19.831)
High -3.408** -4.467** -4.618** -4.759** -3.758**
(-18.215) (-23.535) (-20.055) (-16.922) (-12.541)
B
Low 1.074** 1.106** 1.103** 1.053** 0.953**
(41.842) (55.241) (55.051) (56.554) (55.855)
2 1.002** 1.024** 1.013** 1.073** 1.048**
(52.971) (61.178) (53.865) (50.916) (59.419)
3 0.956** 0.961** 0.962** 1.043** 0.997**
(60.187) (59.15) (52.406) (53.059) (45.273)
4 0.927** 0.959** 0.957** 0.982** 1.014**
(58.995) (62.209) (56.217) (52.493) (55.318)
High 0.985** 1.066** 1.068** 1.124** 1.053**
(58.907) (62.869) (51.886) (44.738) (39.33)
s
Low 1.862** 1.519** 1.217** 0.783** 0.18**
(56.777) (59.398) (47.576) (32.902) (8.238)
2 1.704** 1.369** 1.073** 0.747** 0.263**
(70.507) (63.982) (44.657) (27.755) (11.658)
3 1.548** 1.267** 0.963** 0.7** 0.171**
(76.289) (61.051) (41.051) (27.875) (6.08)
4 1.465** 1.144** 0.871** 0.648** 0.258**
(72.986) (58.1) (40.088) (27.104) (11.011)
High 1.579** 1.306** 1.084** 0.822** 0.434**
(73.95) (60.291) (41.228) (25.609) (12.687)
h
Low -0.897** -1.166** -1.124** -1.098** -1.028**
(-24.623) (-41.049) (-39.534) (-41.572) (-42.437)
2 -0.482** -0.586** -0.556** -0.588** -0.604**
(-17.96) (-24.662) (-20.827) (-19.665) (-24.131)
3 -0.304** -0.31** -0.263** -0.315** -0.374**
(-13.5) (-13.464) (-10.106) (-11.279) (-11.978)
4 -0.136** -0.119** -0.096** -0.09** -0.074**
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Book-to-mar ket Size quintile

ratio quintile Small 2 3 4 Big

(-6.081) (-5.428) (-3.958) (-3.404) (-2.852)

High 0.069** 0.051** 0.082** 0.046 0.16**
(2.897) (2.127) (2.804) (1.276) (4.222)

Adj_R?

Low 0.94 0.96 0.952 0.946 0.934

2 0.957 0.96 0.94 0.917 0.925

3 0.964 0.955 0.93 0.917 0.866

4 0.96 0.954 0.933 0.914 0.901

High 0.959 0.954 0.924 0.882 0.825

1.*,** indicate significant at the 10% and 5% levels, respectively.
2. Thet-statistics are in parentheses.

Table 6
The most recent estimated breakpoint
. . . The Shortest
Portfolios Breakpoint The L eft observations E<timation Window
Low 2003/12 61 36
2 2001/7 90 10
Small 3 2002/8 77 10
4 2003/12 61 14
High 2004/3 58 10
Low 2003/3 70 10
2 2003/12 61 10
2 3 2001/9 88 10
4 2003/11 62 10
High 2003/4 69 11
Low 2002/12 73 16
2 2001/8 89 10
3 3 2004/4 57 23
4 2001/7 90 10
High 2002/4 81 10
Low 2001/8 89 13
2 2002/7 78 10
4 3 2002/6 79 10
4 2001/8 89 13
High 2003/10 63 10
Low 2000/8 101 10
2 2001/6 91 12
Big 3 2002/6 79 10
4 2002/6 79 10
High 2003/12 61 10

The point of forecast is January 2009.
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Table7
After the most recent break, regressions on theinterest rate changes, the orthogonalized mar ket
factor, and the mimicking returnsfor the size and the book-to-mar ket factors
R‘t = +(_ EDi)AIt +ﬁi RMOt +3 Rsmb,t +h Rhmm +&,

Book-to-mar ket Size quintile
ratio quintile Small 2 3 4 Big
a
Low -0.643** -0.075 -0.023 0.06 -0.011
(-3.386) (-0.5 (-0.142) (0.515) (-0.122)
2 -0.131 0.226* 0.118 0.024 0.167
(-0.956) (1.846) (0.923) (0.179) (1.185)
3 -0.188 0.161 0.68** -0.194 -0.264*
(-1.448) (1.361) (3.937) (-1.01) (-1.707)
4 -0.339** 0.121 0.065 0.14 -0.289**
(-2.265) (0.833) (0.371) (0.783) (-2.207)
High -0.284 0.038 0.314 -0.36** 0.447**
(-1.647) (0.218) (1.388) (-2.073) (2.011)
ED
Low 3.093** 0.918 1.606** 4.038** 3.363**
(3.863) (1.561) (2.512) (8.687) (8.896)
2 3.794** 1.957** 3.394** 1.695** 3.185**
(6.871) (3.792) (6.639) (3.12 (5.584)
3 1.469** 2.428** 2.909** 2.967** 1.931**
(2.814) (5.071) (4.074) (3.829) (3.09)
4 1.268** -0.217 4.402** 5.274** 2.366**
(2.008) (-0.353) (6.263) (7.345) (4.486)
High 2.798** 0.114 1.886** 1.035 1.862*
(3.922) (0.166) (2.05) (1.397) (1.986)
B
Low 1.132** 1.055** 1.154** 1.073** 0.927**
(22.575) (26.335) (26.999) (39.046) (42.804)
2 1.066** 0.948** 0.971** 1.081** 0.888**
(32.676) (29.341) (32.11) (32.255) (26.544)
3 0.893** 0.878** 0.93** 1.174** 0.963**
(27.69) (30.844) (20.218) (25.174) (25.66)
4 0.723** 0.934** 0.974** 1.06%* 0.95**
(18.281) (24.186) (23.465) (24.957) (29.969)
High 1.002** 0.943** 1.023** 1.102** 1.082**
(21.741) (20.172) (18.933) (23.913) (18.422)
s
Low 1.955** 1.823** 1.524** 1.012** 0.232**
(23.092) (28.848) (22.208) (23.878) (7.094)
2 1.548** 1.576** 1.095** 1.07** 0.268**
(31.247) (28.871) (23.469) (18.893) (5.374)
3 1.522** 1.386** 1.385** 0.993** 0.421**
(27.373) (3182 (17.845) (12.36) (6.508)
4 1.5** 1.588** 0.987** 0.952** 0.397**
(22.473) (24.552) (15.654) (14.531) (7.263)
High 1.716** 1.833** 1.08** 0.88** 0.684**
(22.104) (24.857) (11.878) (11.444) (6.893)
h
Low -0.156 -0.139* -0.319** -0.602** -0.676**
(-1.6) (-1.758) (-3.851) (-11.901) (-23.367)
2 -0.174** 0.106* -0.201** -0.14** -0.065
(-2.977) (1.69) (-3.615) (-2.148) (-1.085)
3 0.094 0.161** 0.06 -0.072 0.131*
(1.483) (3.087) (0.682) (-0.766) (1.733)
4 0.551** 0.487** 0.254** 0.11 0.399**
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Book-to-mar ket

Size quintile

ratio quintile Small 2 3 4 Big

(7.169) (6.497) (3.413) (1.412) (6.276)

High 0.753** 0.947** 0.269** 0.702** 0.466**
(8.515) (10.196) (2.491) (7.807) (4.081)

Adj_R?

Low 0.945 0.957 0.945 0.964 0.963

2 0.96 0.966 0.95 0.948 0.895

3 0.953 0.959 0.929 0.911 0.902

4 0.938 0.954 0.906 0.912 0.929

High 0.95 0.944 0.867 0.927 0.871

1.*,** indicate significant at the 10% and 5% levels, respectively.

2. Thet-statistics are in parentheses.
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Exhibit 1

Equity durationsin regressions of interest rate changes
Ri,t = q +(_ EDi)AIt T &y

2

Low 2 3

Small firms

4 High Low 2

3

4 High Low 2 3 4 High Low 2

N ED —e— ¢

3

4 High Low 2

3 4 High

Large firms

0 9
18
-1 F
17
2 F 16
8
E |72
B 14 &
)
4 F 13
12
S
11
6 0
Low 2 3 4 Hghlow 2 3 4 Highlow 2 3 4 Highlow 2 3 4 Hghlow 2 3 4 High
Small firms B D ——¢ Large firms
Exhibit 2
Equity durationsin regressions of
theinterest rate change and the market excessreturn
R,t = @ +(_ EDi)Alt +5 Rn,t +&iy
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Exhibit 3
Equity durationsin regressions of
theinterest rate change, the market excessreturn, the size and book-to-market factors

R,t = +(_ EDi)Alt + 5 Rm,t +3 Rsnb,t +h mel,t T &
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Exhibit 4

Equity durationsin regressions of

theinterest rate change, the orthogonalized mar ket factor, the size and book-to-mar ket factors

R,t =g +(_ EDi)AIt+ﬁi RMOt+S Rsmb,t +h mel,t""gi,t
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The estimated equity durations and the

Exhibit 5
market Bs in regressions including the orthogonalized

mar ket factor
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Exhibit 6

The 36-month M oving Average Equity Duration of 25 stock portfolios formed on size and B/M
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Exhibit 7
Equity durationsin regressions of

theinterest rate change, the orthogonalized market factor, the size and book-to-mar ket factors
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