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Abstract

This paper empirically studies the spreads of Japanese corporate bonds with putting a
special emphasis on the quantitative impact of its illiquidity. While the extant studies for
the liquidity risk on stock prices have been largely accumulated over the last ten years, its
effect on bond spreads is still an open question. We find that (i) the explanation power is
significantly improved by incorporating a noble proxy for the illiquidity of individual
corporate bonds (GAP: highest minus lowest reported yields among market makers) to the
standard static panel estimation of a multi-factor model, (ii) the impact of such an illiquidity
measure on bond spreads becomes larger as credit ratings get worse, (iii) the GAP proxy is
valid even after controlling the persistency on spreads, which has been considered as
another proxy for illiquidity in the extant literature, through dynamic panel estimation, and
(iv) the relative importance of the cross-section proxy (GAP) to the time-series proxy
(persistency) for illiquidity decreases as the credit ratings of corporate bonds deteriorate.
The last result implies the importance to appropriately incorporate the two proxies to study
corporate bond spreads.
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1. Introduction and Motivation

During the past financial crisis including the recent episode triggered by "Lehman
shock", we have observed drastic time-series variation on bond spreads?. The classic asset
pricing model for bond spreads, which are focusing on the macro and individual credit risk
factors, however, cannot fully explain such bumpy spread dynamics. This somewhat poor
performance of the extant models is largely originated from the fundamental
characteristics of the corporate bond market in most countries including Japan. Namely,
(1) most of the investors rely on “buy & hold” type investment strategy and the transaction
volume is usually limited and, reflecting this, (2) market making is not very active?.

Under such illiquid market structure, it is not easy even for the professional
market makers to find out “market clearing prices”. As a result, the quote of market
makers has some distribution with non-zero variance and the distribution seldom
converges to one point. This reflects the divergence or heterogeneity on market maker’s
bond evaluation under such an illiquid market. Interestingly enough, we also observe
that such a break-down of the price-searching mechanism tends to be accompanied with
persistency on the quoted bond spread provided by each market maker. Presumably, the
lack of appropriate reference prices persuades market makers to look back at their own
past quotation, which is another good illustration of illiquid markets.

The central theme of this paper is to explicitly study these two features of
corporate bond market, both of which potentially represent the degree of illiquidity. We
quantify how () the spread dispersion among market makers and (i) the persistency of
spreads govern corporate bond spreads. The dispersion can be interpreted as the
heterogeneity of forecasts provided by marker makers while we can consider the
persistency as a consequence of the break-down of price mechanism, both of which are

generated by an illiquid market environment. Considering the fact that we usually do not

4 Tn this paper, we use “spread” to denote the yield difference between the targeted financial security G.e.,
corporate bonds) and Japanese Government Bond (JGB).

5 As far as we know, even the U.S. and Euro corporate bond markets do not have highly liquid secondary
markets where we can occasionally observe actual trading prices. Recent initiatives in Asian countries
promoting corporate bond markets further exemplify how the current environment in the Asian corporate bond
markets are far behind the U.S. and Euro markets.
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have a valid bid-ask spread data in corporate bond market, which is a widely used proxy
for illiquidity in stock markets, it is one promising way to model the effect of illiquidity on
bond spreads with taking into account those two other factors explicitly in our empirical
model.

We analyze the data provided by Japan Securities Dealers Association (JSDA).
Note that this data of market makers’ reporting prices are just indication and no obligation
of trade with those prices. In this sense, those prices are not market clearing prices. In
other words, they are not the prices that equate supply and demand. In fact, what we
analyze are market makers’ best guess on the market clearing prices at best. Although
the available data from JSDA is limited, we think the data should account to considerable
extent for the illiquid structure of the market. The data contains several information
such as the highest and lowest yields for each bond, which can be used to construct our
“GAP” measure (= highest yield — lowest yield) for each bond, which can capture an
important property of the quote distribution.

In order to see how this GAP measure is informative, Figure-1 depicts the share of
firms staying under a certain level of GAP (i.e., equal to or smaller than 5, 10, 15, and
20bp) out of the total sample firms. For example, the share of firms showing GAP smaller
than 5bp reached more than 80% in the second half of 2005 where the market condition
was relatively good and the liquidity was presumably high. In contrast, there are several
periods where such a share went below 10% (e.g., 2003, 2008-2009).

Our first guess is if the market is illiquid in the sense that it is not easy for the
market makers to find out “market clearing prices”, the GAP for a given corporate bond
could be widened with reflecting such illiquidity. To illustrate, if the market environment
is good and market makers could observe the actual transactions precisely, the GAP will
shrink. We use this measure to proxy the illiquidity of individual corporate bonds®é. Next,
our second guess is about the time-series index of illiquidity. As in the extant studies

(Hauweling et al. (2003) and Nakamura (2009)), we can infer the illiquidity of corporate

6 Tt is natural to conjecture the positive correlation between the GAP measure and firm's credit worthiness. As
we will demonstrate later, the panel estimation we employ in this paper is suitable to disentangle those two
correlated effects.
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bonds by checking whether the reported prices by market makers has persistency or some
stickiness. If the market becomes highly illiquid and market makers have the difficulty to
find the market clearing prices, the lesser portion of their quote depends on the rational
reasons and we will observe the stronger persistency in their previous quotes. We
integrate these two conjectures by applying dynamic panel estimation to our balanced
panel data constructed from the JSDA data.

While the existence of the variation in illiquidity and its potential implication on
pricing have been stipulating a series of studies taking into account several notions of
liquidity, they tend to treated the bond spreads as market-clearing prices and apply the
analytical framework mainly used for more liquid market such as stock markets or
sovereign bond markets. The prices and spreads in corporate bond markets are, however,
usually not actual trading prices but rather reported quotes by market makers’. The
bid-ask spreads, which is widely used for studying the relationship between stock prices
and liquidity, is somewhat useless in this sense since serious analysis of such bid-ask
spreads is only valid when the quoted price represents the actual market clearing price or
its closest proxy. The starting point of our paper is to recognize the spreads data as the
evaluation of corporate bonds provided by market makers and study how market makers
alter their conjecture about “market clearing prices” with considering the both (i) variation
in the distribution of reported prices by other market makers and (i) their own past
quotes.

Through such an analysis, we also attempt to provide an empirical evidence of the
so called "Flight-to-Liquidity" view. If the sensitivity of bond spreads with respect to
illiquidity measure differs among different credit ratings, we might be able to interpret it
as the reflection of the investor’s attitude toward low credit quality. The study of
corporate bond spreads also gives us a tip for understanding various other low liquid
financial securities such as ABS, CDO, and securitized products®. Again, the central

motivation of this paper is to understand the market maker's forecast for the

7 Even the U.S. and Euro markets cannot provide the complete set of the actual transaction prices in daily base.
8 Tt 1s highly difficult to directly observe the prices of so called "Level-3 assets" categorized by U.S. Financial
Accounting Standard Boards and SEC.
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"market-clearing prices". Shedding light on the price of those illiquid assets would be very
useful to understand the financial markets that have been facing tremendous difficulty in
objective evaluation.

This paper is structured as follows. Section 2 briefly surveys the related
literature. As a starting point, section 3 goes over our analytical framework and exercises
the hypothesis formulation. Then, section 4 describes the data, and section 5 shows the
estimated results. Section 6 compares our empirical results with existing studies and
discusses some technical issues. Section 7 concludes and presents future research

questions.

2. Related Literature

In this section, we briefly survey the related literature to our study. In the long
strand of asset pricing literature, there are three types of papers we need to consider. The
first group is the theoretical studies for the relationship between illiquidity and asset prices.
In the context of market microstructure, there are a few theoretical studies explicitly
modeling the illiquidity risk considered in our paper. One example is Tychon and
Vannetelbosch (2005), which develops a corporate bond valuation model containing both
the credit risk and the liquidity/marketability risk. Their main idea is that the Liquidity
risk is a function of the heterogeneity of investors’ valuations. When such heterogeneity is
high, corporate bond investors are worried about the marketability of the bonds in their
portfolio as they might not be able to find an appropriate counterpart to sell the bonds in
future. Most of the theoretical models categorized as “inventory model” share the same
perspective. Since our data is not precisely an actual transaction price, we cannot directly
apply their theoretical implication to our empirical study. We believe, nonetheless, GAP
measure briefly described in the previous section can be interpreted as the heterogeneity
on the belief among market makers. Note that there exist other theoretical explanations
for why illiquid financial securities need to be accompanied with higher premium from the

stand point of investor’s liquidity demand (e.g., Holmstrom and Tirole (2001)) or
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transaction cost (Acharya and Pedersen (2005))°. Instead of digging into such theoretical
pricing foundation of liquidity risk, we intend to provide new empirical findings which can
contribute to the development of those theoretical studies.

Papers in the second category are the ones performing a classic empirical analysis
for corporate bond spreads. The key implication shared by the literature is the inability of
macro and/or micro credit factors for the purpose of explaining the corporate bond spreads
(e.g., Jarrow et al. (2000), Edwin et al. (2001), Huang and Huang (2003), Eom et al. (2004)).
For example, Collin-Dufresne et al. (2001) confirms that credit risk factors cannot explain
bond spreads by incorporating various aggregate variables (e.g., S&P 500 returns, the
slope of sovereign bond yields, the sovereign yields etc.) into the estimation. This
empirical finding is discussed in another form as “Credit Spread Puzzle”. For example,
the seminal work by Hull et al. (2004, 2005) show that the default probability implied by
the corporate bond yield in the secondary market is more than ten times that the default
rate calculated from the historical data. They also point out that there exists a significant
gap between corporate bond spread and CDS spread. It is our motivation to fill the gap
between the puzzle and the extant studies.

These results naturally motivate the third strand of the related papers on the
empirical analysis incorporating illiquidity factor. This literature starts from a trial to
choose an appropriate proxy capturing market-level liquidity. Extant studies (Fleming
(2003), Goldreich et al. (2005)) use the sovereign bond yield which is theoretically not
affected by credit factor in order to evaluate the performance of various proxies. By
considering those established proxies, several papers directly deal with corporate bond
spreads with considering individual liquidity factor. Amihud (2002) is a pioneering paper
for measuring illiquidity by introducing ILLIQ measure, which is computed as the average

of daily variation in stock return®, Including this ILLIQ measure, Houweling et al.

9 Liquidity Asset Pricing Model(LAPM) in Holmstrom and Tirole (2001) studies the endogenous determination of
liquidity premium, which is treated as somewhat ad-hoc in the previous literature. Their main idea is ()
investor’s optimal choice generates liquidity preference and (i) corporate bond spreads are determined in a
general equilibrium framework.

10 Precisely speaking, the ILLIQ measure is computed as the absolute price change divided by trading volume for
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(2005) comprehensively studies several illiquidity factors associated with individual
company and portfolio to a standard multi-factor model and establishes the illiquidity
premium by using the data in euro area. Our paper has a very close motivation to the last
paper.

About Japanese corporate bond market, the existing studies are rather limited.
First, in the recent paper, Hongo and Oyama (2010) studies the mechanism governing the
corporate bond spreads through a model without liquidity factor. Second, the importance
of liquidity factor is studied in Saito et al. (2001) and Hori et al. (2008) by explicitly focusing
on Holmstrom and Tirole (2001) type liquidity demand. Shirasu and Yonezasa (2008) also
challenges the same question by using Japanese corporate bond market data. Third,
Nakamura (2009) employs two methods to quantify the illiquidity risk on bond spreads,
which largely shares its motivation with our paper. One difference is on our novel proxy

for bond illiquidity and the estimation strategy. We plan to mention Bao et al. (2008)

3. Analytical Framework

In this section, we briefly go over our analytical framework. Different from the
typical time-series estimation for sorted hypothetical portfolios employed in the extant
literature, we use panel estimation with using a balanced panel data of Japanese corporate
bond spreads. The benefits of employing the panel estimation are twofold. First, it can
fully extract both the time-series and cross-section properties of our firm-level data. By
applying the panel estimation framework to such a data set, we can examine the potential
determinants of individual corporate bond spreads precisely. Second, our dynamic panel
estimation enables us to establish the empirical implication of our GAP measure with
controlling the persistency in quoted bond spreads from each market maker. As we can

see later, the persistency parameter itself can be interpreted as a measurement of

a given stock on a given day. Since this ratio is a very noisy measure on any day, in practice, it is averaged over
all trading days in a month or year to get a monthly or annual liquidity estimate for the targeted stock.

11 For pricing the illiquidity risk of stock prices, Acharya and Pedersen (2005) directly incorporates the "illiquidity
transaction cost" notion to an otherwise standard CAPM structure and price the illiquidity risk explicitly.
Although our paper does not have an explicit asset pricing formulation as theirs, the model structure is actually
an extension of Fama and French (1993). In this sense, we follow to some extent a traditional factor
model/CAPM structure.
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iliquadity.

3-1. Model
Following the usual asset pricing literature, we start from a basic multi-factor

model proposed, for example, in Fama and French (1993).

SP, = B+ B,F ++BL +&, ...Modell

Here, the dependent variable SP, denotes the spread of firm i at time t. As an

explanatory variable, F, denotes the market index (e.g., stock market index, the growth

rate of the index, and/or its historical volatility) at time t. In addition to these aggregate

credit factors, we incorporate the market liquidity factor L,, which can be proxied by, for

example, trading volume of corporate bonds, the number and/or volume of newly issued
corporate bonds, and/or Tibor - JGB spread. We attempt to confirm that each coefficient
has an expected sign implied by the extant theoretical studies.

Next, we advance to an extended version of the basic multi-factor model by

incorporating f, denoting the individual firm-specific credit risk factor of firm- i at time

t. Potential proxies are credit ratings and/or historical volatility of stock returns.

SP, =, +B,f,+ B;F. ++B,L, +¢&, ...Model-2

The most important twist in this paper is to incorporate the individual liquidity proxy I,

to the extended multi-factor model above.

SP, =B, + B, f, + BF ++B,L + B, +&, ... Model-3
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This additional factor is the key object in our paper and proxied by “GAP”, which denotes
the highest minus lowest reported yields among market makers at time t12. Introducing
this GAP measure is valid only if we take a view that the quoted spread is actually not an
equilibrium price and it would be rather an evaluation or forecast (ie., the guess at
equilibrium price) of each market maker. Considering the fact that we cannot observe
enough number of traded bond prices, the usual proxy for illiquidity in financial market
(e.g., bid-ask spreads) looses its practical meaning's. This paper tries to extract some
pricing implication of liquidity risk under such a market environment by focusing on the
limited but informative data such as mean, median, maximum, and minimum of the
reported prices from market makers. Although we can potentially use bid-ask spreads
under a market environment with high liquidity, corporate bond markets do not satisfy
such a criterion'4. Evidently, we observe most of the corporate bonds other than issued by
highly rated utility companies etc (e.g., electricity companies) maintain a significant GAP
over our sample period!®. This provides a simple consequence that the market is not in
equilibrium at most of the time. Studying the illiquidity in such a market needs other
notions of illiquidity (i.e., GAP and/or persistency), which often has been mixed up with the
standard illiquidity measure (e.g., bid-ask spread) in the existing literature thus far. To
summarize, our main concern is () how Model-3 is better than other two models, and (i) if
the sign of estimated coefficients is consistent with theoretical predictions.

From a technical point of view, we might need to control the level of the quoted
yield itself as in the standard finance literature in order to appropriately incorporate such
GAP variable. One way to do so is to simply include the level of either highest or lowest
quoted spread as well as the GAP itself while constructing a so called "relative distance

measure" in Houweling et al. (2003), which divides GAP by some appropriate level variable

12 Precisely speaking, we use one-day lagged GAP in order to avoid the simultaneous bias problem.

13 In fact, JSDA data we use contains almost no data for bid-ask spreads although they prepare the category for
recording. It seems to be very natural not to contain those variables which are only valid under the existence of
equilibrium prices.

14 We think securitization markets all over the world do not satisfy this condition either, in particular, after the
sub-prime shock.

15 Tn Japan, utility companies in the electricity and gas industries etc (e.g., NTT, JR) have been keeping highest
ratings from the institutional reason.
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(e.g., concurrent JGB yield), can be another treatment. We employ the latter method as a
robustness check for our results in the later section.

As we will demonstrate in the next sections, incorporating GAP measure into the
standard panel estimation improves the model performance significantly. Unfortunately,

we still have a problem originated from the property of illiquid markets. Figure-2 plots a

fitted SP, and &, obtained from a random-effect estimation of Model-3. An apparent

feature is the systematic pattern of the residual. This distribution seems to imply () there
are some omitted variables and/or (ii) our static model itself faces a misspecification
problem. We conjecture that the persistency of the bond spreads is one of the sources
generating this systematic bias. From the updating procedure of their reporting prices, it
1s plausible that market makers partly consider the reported price in the previous day.
The persistency of the reported spreads can generate the systematic bias we observe in the
estimated results in Model-3. Based on this conjecture, we extend the static panel
estimation presented above to the two types of dynamic panel estimation. First model is

the one exhibiting a serial correlation on the error term.

SP;t = ﬂl + ﬁz fit + ﬂSFt + +:B4Lt + ﬂslit + &t
and ... Model-4

Eiy = PEyy T,

This model corresponds to the environment where we have some omitted variables.
Second dynamic model is the one using a lagged dependent variable as an explanatory

variable.

SPit = 7/Spit—1 + 5+ 5, fit + G R ++6,L +ﬁ5|it +&; ... Model-5

As described above, this could replicate the following reporting procedure implemented by

marker makers: (1) Check the price on the previous day, (2) add some adjustment with
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taking into account the concurrent covariates, and (3) report the prices.

Figure-3 and -4 plot the fitted spreads and the model residual for Model-4 and
Model-5, respectively. We can confirm the clear improvement of the model performance.
As Arellano (2003) proposes, the dynamic models with lagged dependent variables are
suitable for the estimation of economic variables with adjustment costs and/or habit
formation. The typical example is the capital investment and employment. In the
current context of bond spreads reported by market makers, it is exemplified by the
break-down of searching mechanism for equilibrium prices and the dependence of market
maker’s bond evaluation on the spreads reported in the previous day. We conjecture that
the persistency of the quoted prices provided by each market maker is another index of
illiquidity. Such a feature is somewhat out of the usual equilibrium theoretical pricing
notion since equilibrium price in a frictionless world, which is exclusively governed by
demand and supply, has no reason to depend on the previous prices. We find it
informative to incorporate both the GAP measure and the persistency measure (.e., the

dynamic structure on the dependent variable) to our analysis.

3-2. Hypothesis Formulation

Based on the discussion in the previous subsection, we construct the hypotheses
we verify in the following sections. First, we conjecture that the quoted spreads of
corporate bond is positively correlated with its illiquidity, which is measured by the
absolute dispersion of market maker's quote prices, even after controlling the market
factor as well as its individual factors (e.g., credit ratings, the volatilities of stock returns
etc.). Second, the impact of such an illiquidity factor onto bond spreads is expected to
have conditionality on credit ratings, which is provided by the flight-to-liquidity view.
Third, the GAP proxy is conjectured to be valid to measure the impact of illiquidity on the
spreads even after controlling the persistency on spreads. Forth, we guess that the
relative marginal impact of the price dispersion to the importance of the persistency on the

reported prices has conditionality on firms' individual characteristics (e.g., credit ratings)
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and the market condition of liquidity that is represented by the GAP.

4. Data

The data is obtained from Japan Securities Dealers Association (JSDA). It
contains the reference data about Japanese corporate bond markets. In particular, the
quoted yield indicates the highest, lowest, mean, and median bond yields among all the
yields reported by selected market makers (“member security firms”) after cutting the
outliers based on predetermined percentages'é’’”. The member security firms report the
yield of each company’s existing bonds for different maturities by 4:30 pm every day as if
they are asked to price the 500 million yen of the bonds as of 3:00 pm. JSDA collects the
data and release the four reference data (.e., highest, lowest, mean, and median) on its
website at 5:30 pm18,

From this data, we pick up the median spread as our dependent variable. Since
we use the difference between highest spread and lowest yields as GAP measure, the
median is more preferable than mean since it is not affected by the highest and lowest
spread from its arithmetic manner. We also use the 1-day lagged GAP measure in order
to avoid the simultaneous bias. Table-1(1) shows the summary statistics of our
explanatory variables with its definition and Table-1(2) summarizes the correlation.
While we have almost 120 firms in our original sample, the number of groups (i.e., firms) is
reduced to about 52 because of the maturity control we explained below. It is important to
note that our sample still contains a large variation in the credit ratings and GAP
measure’. The sample period is 82 months from July 2003 to April 2010. Although the

original data covers bit longer time periods, we focus on such a period where we can always

16 The selected market makers are as follows: SMBC Friend, Okasan, Credit Swiss, Cosmo, Goldman Sachs, Citi
Group, Shinsei, JP Morgan, Daiwa SMBC, Deutch, Tokai Tokyo, Nomura, BNP Paribas, Marusan, Mizuo,
Mizuho Investors, Mitsubishi UFJ, Merril Rinch Japan, Morgan Stanley, UBS.

17 If reporting firms are 34 to 40, cut 6 firms from the highest and lowest respectively. The cutting criteria is as
follows: 27 to 33 security firms report, cut 5 from the highest and lowest. 21 to 26 security firms report, cut 4
from the highest and lowest. 15 to 20 security firms report, cut 3 from the highest and lowest. 10 to 14 security
firms report, cut 2 from the highest and lowest. 5 to 9 security firms report, cut 1 from the highest and lowest.

18 Tfthe gap between the highest and lowest (yield) becomes more than 500bp, the data is not released.

19 The current sample is a highly balanced panel data. We are planning to incorporate the unused data with
proper treatment for missing values.
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observe the GAP measure. In other words, we consider monthly data for Japanese listed
firms which maintain a certain number of issued bonds. This is mainly because we want
to transform the spread data of each corporate bond with various maturities into specific
spreads corresponding to maturities 3-year and 5-year, instead of using the raw data for
corporate bond yields?. In order to control the heterogeneity in maturity, we use the
information of multiple corporate bonds issued by each company. More specifically, the
different bonds for a given company are used to construct an interpolated yield curve.
Then, our targeted spreads corresponding to maturity 3-year and 5-year are taken out
from the yield curve with considering the concurrent JGB yield curve?. Thanks to this
operation, we do not need to control the maturity by including the maturities as
explanatory variables. Figure-5(1) and Figure—5(2) show the resulting yield curves for
Tokyo Electric Power Company (TEPCO) and Tobu Railway (TOBU). Considering the
shape of time-series data constructed in this way (see Figure-6), we believe this

interpolation does not generate any severe problems.

5. Estimation
5-1. Results

In this section, we implement the estimations proposed in the previous section.
First, we apply pooled OLS estimation, fixed-effect estimation, and random-effect
estimation methods to the static model constructed as in Model-1 to -3. The results are
summarized in Table-2(1). The sensitivity analysis of each coefficient with respect to the
credit ratings and/or market conditions is further demonstrated in Table-2(2).

Before proceeding to the results, we have one technical note to be discussed about
the selection of estimation methodologies. For the static model, we mainly refer to the

results obtained from the random-effect model. This is due to our understanding that we

20 Most of the existing literature incorporates the maturities in the explanatory variables instead of adjusting the
maturity prior to estimation. From the standard practical manner, the assumption in the extant empirical
studies that the maturities have a linear relation with the spreads is too restrictive. Evidently, we almost
always observe non-linear shaped spread curve in reality.

21 We gave up to construct 10-year spreads since we do not have enough number of long-term corporate bond
data. On the other hand, we do not contain 1-year spreads in our analysis simply because the bonds close to its
maturity tend to exhibit irregular dynamics.
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have enough number of variables characterizing each of the 52 firms. In particular, the
credit ratings for each company mentioned below resemble its fixed-effect.

The coefficients of introduced covariates are as follows: First, higher Tibor - JGB
spreads (T_JGBGAP), which represents the tightness in the short-term financial market,
contributes to higher median spread. Second, the residual in the regression of the
individual stock price volatility on that of Nikkei Index (e_HV), which corresponds to the
volatility of individual firm's value after controlling the aggregate shock, has a positive
effect on the corporate bond spreads. Third, the credit ratings of each company provided
by R&I (RATE_RI), which covers the largest number of Japanese companies, has the same
implication as e_HV.

About the GAP variable, we can establish a strong positive correlation between
GAP and median spreads. One remarkable point is that the inclusion of the GAP
measure significantly improves the R? of the model. We also find that the size of the GAP
coefficients depends negatively on the credit ratings (i.e., as the credit ratings are better,
the GAP coefficients are smaller??). The variation of the GAP coefficients with respect to
market condition is somewhat ambiguous. We judge this reflects the higher persistency
of the reported spreads under a bad market conditions.

Although it seems that we succeed on improving the model by using the GAP
measure in static panel estimation, the residual plot of the model in Figure-1 tells us the
existence of a considerable problem in our estimation. Apparently, it shows
heteroskedasticity and implies a couple of interesting points?. The first component is the
lower part of the residual plot (i.e., the spreads of firms with good credit and those of good
market environment period), which seems to form the down-sloped concentration. The
second component (i.e., the spreads of firms with weak credit or those of bad environment
period) can be found in the upper scattered portion. Because of the omitted variables that
could capture the behavior of the latter component, the static model generates a bunch of

very large positive residuals over the high spread range. These outliers attract the

22 We transform each rating into numbers.
23 In particular, if we plot the residual not with respect to the fitted spread but with the time, it becomes further
clear that the residual has serial auto-correlation (need to be shown).
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regression line upward and make the former portion over-estimated. Before adding
another explanatory variable in order to overcome this problem, we tested a model
assuming the serial correlation of the disturbance term. This model seems to partially
ease the above problem and resolve the problem of over-estimation (see Figure-3).
Evidently, it can explain the behavior of the firms with good credit and good environment
rather well. Unfortunately, this remedy still remains a problem - the upper scattered
portion still exists. The ultimate solution seems to be the adoption of the lagged
dependent variable (i.e., the lagged spread). Looking at this scattered graph in Figure-4,
the problem stemmed from this omitted variable seems to be resolved satisfactorily?4.

Note that for these two analyses, the dynamic panel models proposed as Model-4
and -5 are estimated through the GMM estimation in Arellano and Bond (1991) and the
maximum-likelihood estimation. While GMM does not depend on the initial observations
of dependent variable, ML does?. The results summarized in Table-3 shows, however,
that those two estimation methods lead to almost similar coefficients?.

We can also confirm that the dynamic panel still provides similar results as in the
static model?’. One point to be noted for the models with lagged dependent variable is
that the AR(1) coefficient is 0.86 to 0.88, which indicates a strong serial auto-correlation.
Such evidence of an observed habit persistency of the reported bond spreads is successfully
confirmed through our dynamic panel estimation.

Another interesting point is that GAP has a stronger explanatory power for the
bonds with better grades relative to the AR(1) coefficient. Table-4 summarizes the

spectrum of the GAP coefficient and the AR(1) coefficient for different levels of credit

24 There still remain a very few outliers but we think this is no longer the big problem. It is not difficult for us to
1dentify these outliers and tells that is the result of detection of window dressing. It is very easy to trim out
these by setting a dummy variable.

25 The default setting of STATA for MLE does assume that initial value is exogenously given and does assume
nothing on its distribution. Although this naive ML estimation works well, it is better for us to assume the more
consistent distribution derived from the model. We recognize it is our future task to employ the MLE methods
proposed in Anderson and Hsio (1982), Bhargava and Sargan (1983).

26 There are large differences between the standard errors of the coefficients provided by the two methodologies.
We need to be clear about the sources and the interpretation of this difference.

27 As the coefficient of the slope of JGB yield curve calculated by the difference between 10-year JGB yield and
2-year JGB yield increases, the spreads decrease. This result is somewhat controversial if we consider the
discussion in Fama and French (1993) where the slope index is treated as a risk or a sigh of boom. One
interpretation of this result is that the higher 10-year JGB yield is accompanied with boom while the lower
2-year JGB yield is generated by easing monetary policy.
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ratings and market environments. The purpose of this additional analysis is to see the
combination in the GAP coefficient and AR(1) coefficient with respect to the characteristics
of cross-section and time-series sample variation?®. It is clear that we have the trade-off
between those two proxies for liquidities and the relative importance of those two objects is
conditional on credit ratings and/or market conditions. In the extant literature, some
conditionality has been pointed out in stock market return (e.g., Watanabe and Watanabe
(2008)) such that the pricing impact of liquidity risk is larger for the firms with lower credit
ratings.?? As far as we know, however, the conditionality of relative importance of two
liquidity measures with respect to the variations of credit ratings and/or market conditions
has never been analyzed.

In order to check the robustness of the result, Table-5 reports the revised
regression results in Model-3 to -5 under an adjusted GAP measure, which is constructed
to divide the GAP by the concurrent JGB yield. The results obtained in the previous

estimations are all confirmed in this additional estimation.

5-2. Discussion

We have found the importance of considering two proxies of illiquidity. The first
one corresponds to cross-section dispersion of quoted bond spreads while the second one
captures time-series property of bond spreads. This finding gives us a source of discussion

about what is the illiquidity of assets in the market without frequent trading.

Y=ot Zi:17’i Zin + ayht—l+zi:lﬂ7i Xint TUpe

Y= z:;oak[% +Ziril7/izih +Zin:1ﬂ7ixiht—k +Up ]

28 Tn order to split the sample, we use () whether the credit ratings at the beginning of sample period is better
than or equal to 4 (.e., AA-), or worse than or equal to 5 (A+), and (i) whether the share of firms satisfying "GAP
is equal to or smaller than 10bp" is greater than 75% (i.e., the market conditions is GOOD) or not (BAD market
condition). Note that if firms in our sample do not have their credit ratings from R&I but from other rating
agencies, we transform those ratings into hypothetical R&I ratings (e.g., AAA=1, AA+=2, andsoon). This
transformation is done by referring to the companies holding both the R&I ratings and the ratings provided by
other agencies.

29 Their analysis is based on the hypothetical portfolio as in the other extant studies and does not employ the
panel estimation.
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Note that the dynamic panel estimation with the lagged dependent variable can
be expressed as in the manner of Bhargava and Sargan (1983): (Need to be revised in the
consistent way with the currently employed notation). The original Model-5 captures the
idea that the spread reported at t is determined by the spread in t—1 and the other
concurrent covariates. The second expression above states that the determination process
can be interpreted as the weighted average of the past covariates other than the lagged
dependent variables. The fact that we obtain a AR(1) coefficient close to one implies that

the effects of past covariates cannot fade away quickly.

6. Comparison with existing studies

- To be completed

- Hauweling et al., and Nakamura, how our results nest some of their findings

7. Concluding Remarks

This paper empirically studies the determinants of Japanese corporate bond
spreads with putting a special emphasis on the quantitative impact of its illiquidity. We
find that (i) the explanation power is significantly improved by incorporating a noble proxy
for the illiquidity of individual corporate bonds (GAP: highest minus lowest reported yields
among market makers) to the standard static panel estimation of a multi-factor model, (i)
the impact of such an illiquidity measure on bond spreads becomes larger as credit ratings
get worse although the sensitivity of GAP coefficient with respect to market condition is
somewhat ambiguous, (iii) the GAP proxy is valid even after controlling the persistency on
spreads, which has been considered as another proxy for illiquidity in the extant literature,
through dynamic panel estimation, and (iv) the relative importance of the cross-section
proxy (GAP) to the time-series proxy (persistency) for illiquidity decreases as the credit

ratings of corporate bonds deteriorate. The last result implies the importance to

-17 -



DBJ DP Series #1002 DBJ & Gakushuin Univ
Forthcoming (2010/8) Miyakawa & Watanabe

appropriately incorporate the two proxies to study corporate bond spreads. Our research
complements the limited number of quantitative research about Japanese corporate bond
market and give some implication for the markets associated with relatively low liquidity
(e.g., ABS, CDO, and/or realty market).

To conclude, we list several future research questions. First, the refinement of
our dynamic panel estimation such as the proper selection of instrument variables and/or
imposing an appropriate structure to the distribution of error term in MLE. Along this
line, it would be interesting to construct a static measure representing the price stickiness
(e.g., ILLIQ-type measure and/or the difference of GAP measure). Second, it is necessary
to connect our estimated results with theoretical frameworks. Although some selected
papers are constructing market microstructure model considering the heterogeneous view
among market makers, they do not cover the individual persistency in the reported
spreads by each market maker. What we need to construct is the model where market
maker continuously revises its evaluation about bond spreads and still exhibits the
heterogeneity of their evaluations. Toward this direction, it might be useful to consider,
for example, the market maker’s learning process in an explicit way. Through such a
model, we can also study the distributional dynamics of market maker’s reporting contents.
Third, our analysis needs to be refined as in the consistent way with the CAPM literature
with liquidity risk (e.g., Acharya and Pedersen (2005)). Fourth, it is important to
incorporate the unused data in our original sample with a proper treatment for missing
values. One idea is to apply Tobit-type framework to the original data while it would be
another possibility to construct a market GAP and/or estimate the individual gap for the
firms without reported spreads, hence GAP. Fifth, the determination of GAP and further
empirical analysis of the distribution of reported spreads would be informative research
objects. We believe all of these extensions provide further guides for better understanding

of the bond markets and prices as well as securitized products in low liquid markets.

30 Although the development of corporate bond markets in Japan is largely proposed, there seems to be no room
for accepting such a propose in the current Japanese market.
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Figure-1: The distribution of GAP measure
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Variable Defininition Expected Sign Obs Mean Std. Min Max
3-Yr SPREAD Coorporate bond yield minus 4173|040 0.45 -0.11 421
JGB yield
3-month Tibor minus
T_JGBGAP 3-month JGB yield —|— 4264 0.19 0.14 -0.03 0.54
g 10-year JGB yield minus _
JGBSLOPE (10Y-2Y) 2-year JGB yield |+ 4264 1.06 0.22 0.69 1.64
JGB10Y 10-year JGB yield —/+ 4264 1.49 0.20 0.95 1.93
NKYGROWTH Growth rata of Nikkei —/+ 4264 000 0.06 -0.24 0.13
stock index
20-day historical volatility of
individual stock minus
erv estimated historical volatility + 4264 0.00 1369 7603 8384
of each individual
RATE_RI R&lI credit ratings —+ 4264 5.63 2.53 2.00 11.00
Highest reported yield minus
GAP3_1DLAG lowest reported yield in the + 4172|025 0.34 0.01 8.51
previous day of 3-Yr
SPREAD
i GAP3_1DLAG divided by
GAP3_1DLAG_Adj concurrent JGB yield -|- 4172 1.60 2.81 0.02 76.61

Table-1(1): Summary Stat Malke sample split version

3Yr GAP3_
SP‘;‘F{ZD ?fiifg T_JGBGAP ‘]?]%i]j;)YI;E JGB10Y GRI‘(I)ISTH eHV RATE_RI %A]Té 1DI£jG,

3-Yr SPREAD 1.00

3-Yr SPREAD(Lagged) 0.97 1.00

T_JGBGAP 0.42 0.40 1.00

JGBSLOPE (10Y-2Y) -0.15 -0.12 -0.44 1.00

JGB10Y -0.17 -0.16 -0.42 -0.07 1.00

NKYGROWTH 0.00 0.02 -0.19 0.28 -0.01 1.00

eHV 0.32 0.31 0.09 -0.07 -0.03 0.04 1.00

RATE_RI 0.44 0.45 -0.05 0.03 0.01 0.01 0.33 1.00

GAP3_1DLAG 0.59 057 0.22 0.16 -0.38 0.07 021 0.25 1.00

GAP3_1DLAG_Adj 0.64 0.63 0.16 0.13 -0.30 0.06 0.22 0.39 0.96 1.00

Table-1(2): Correlation Table ~ Make sample split version
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