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Apendixi
Example of Sahlman Basic Method
Year 0 Year 1 Year 2 Year 3 Year 4 Year b
1| Revenue Growth 1509 100°% 1009 607 607
Rate Revenues 500,000 1250000 2500000 5000000 8000000 12800000
Net Incorre Percent -509 -5 109 1) 17 19509
Net Incore Interest -250000 -62500 250000 750000 1,360,000 2500000
(A7) @7% 0 0 0 0 0 0
EBIAT -250000 -62500 250000 750000 1.360,000 2500000
2Working Captal @20.0% 100000 250,000 500000 1,000,000 1,600,000 2560000
Fived Assets @400% 200000 5000000 1000000 2000000 3200000 5,120,000
Free Cash Flow (478 -550,000 -512,500 -500.000 -150000 -440,000; -380.000
Cum External Finc. Need (84 R2E3E) 550000 1062500 1562500 2312500 2152500 3132500
3|Dett Issues (BEEEE) 0 0 0 0 0 0
Fouity Issues (BAZHEE) 1,500,000 0 1,000000 0 1000000 0)
Debt Outstanding (5 \F2%8) 0 0 0 0 0 0
Fouity Qutstandng (BA%2E) 1500000 1500000 2500000 2500000 3500000 3500000
| )Cash belance (EHUETES) 950000 137500 93750 187500 747500 367500
5| Final %Qunershio Allocated for Nanagsment
[ Assume: Longterm R Requested Each Round By Investors 50 4 40 Bl ) 0
TlImoliec IRR in Each Round Looking Forward
188747 18 61,19 6249 Hh Pi
8|Final % Qunersho Reauired by nvestors a terminal PER (BB SHEHERE)  [investment 15 investment 1 investment 1
comony terminal income 25
PRRYFUAL 10 409 1109 500 b1.5%
15 3049 13 33 4.9
9|Eventual Retention47%) %Faced by an Investor in Each vear
PERYFUA| 10 84,09 95,09 100.09
15 893 9.79 100,09
10{Current (at Financing)%Ownership Reauired (HEE SAEHEHE)
PERYFUAL 10 . 1169 5%
15 3409 16 33
11{Shres to issue, f Pre- Financing Shares =1000000 (3B
PERYTUAL 10 1,184,629 285376 130,000 1600003
15 515,095 124077 56,522 695,653
12| Cumulative Shares Outstandng (ZfEH =)
LEAkAH 1,000,000
PERYFUA| 10 2,184,626 2470002 2600003 2,600,003
15 1,515,059 1639131 169,653 1,695,653
13(Price per Share (KfEiE#)
PERYFUAL 10 177 350 169 962
15 291 806 1769 21
14{imolied valustion (post money)
PRRYFUAL 10 2166222 8050,48 20000000 25000000
15 4412313 13210641 300000000 37500000
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Apendix2
NFA=4 [FIER (BRE) 15 25 ER
IV METORELM 3F 3
L EF% -1, 000 -5, 315 685 5, 640)
o _ e |EREERIGE FHI10
3R MEIFIARIC & HHAMEIEEE . REEESE 15 15
SR HfE 84, 600
SERD 7 +7— P
EEQT+T—REH 42— 82— %70%, 504, 30% 0% 50% 30%
£ 5,
BRESRTHEE - 49% 40% 30%
3R LTI & SR MER R 5 8 12 15
BuBAME=FRZ bv RN\ 21— 25,520 43,385 65, 077 84, 600
PAEEAUEES 33,385 55,077 79, 600
HEHM (M) B 3H 10 2% 36 4
RRARIRAY 1—0 5 OBEF v s 2% 36 4
REHRHELE 23% 15% 6%
UEVEWE: 56% 9% 4% 4%
REBRLELE 29% 16% 6%
FoEINLMERE (ELHER)) 10,000 10,000 10, 000 5, 000)
B 1,000 1,414 1,690)
FRETHRIR 1,000 414 276 13
BERKIH 1,000 1,414 1,690) 1,803
BETEAS 5000 5,000 10, 000 15,000
BENEAERS 5000 5,000 10, 000 15,000
#EmdRe -1, 000 -6, 315 -5, 699
#BEHERS 10,000 15,000 17,500
BEGERERS 10,000 15,000 17,500
BEREIRE -6, 315 -5, 699 -623
1 2 3
Bk BERORIK 1,000 1,414 1,690) 1,803
BEH RIEERIR 1,000 1,000 1,000 1,000
BEH TR 0 414 690 803
RBEA LY IF TV a Ve 0 0 150 150
BI$EZA My T TV 3 UlkH 0 0 50 50
ZOMA by st T3 UBH 0 0 100 100
LSy ped bl Ny 3 1000 1,414 1,840 1,953
BIEELEHE 1000 1000 1050 1050
RRZOMBEHRE 0 414 790 903
BEMKLLE 100% 100% 100%
BIEENEHALLE 7% 5% 54%
Z OB R LR 29% 43% 46%
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Measuring Systematic Market Liquidity®

Wang Jingsui (F5H)

Abstract

Market liquidity represents the ease with which financial security transactions can be executed. High liquidity
allows transactions at a low cost within a short period of time. This study covers the Japanese corporate bond
market’s liquidity and its premium. Compared to stock markets, bond markets have limitations in its data
availability for liquidity research. Corporate bond market is an OTC market, and because it has a low trade
volume, data such as transaction price, volume are hard to obtain. This study uses easy-to-obtain alternative data
to measure bond’s liquidity. In real estate area, data of transaction price and volume are harder to obtain. This
research will give us useful hints on measuring real estate asset’s market liquidity.

1. Introduction

Market liquidity (hereafter referred to as ‘“liquidity”) represents the ease with which financial security
transactions can be executed. High liquidity allows high volume security transactions at a low cost within a short
period of time. Since high liquidity is often taken for granted in financial theories, the effects of liquidity were not
always taken into consideration. However, sharp declines in liquidity have become frequent, following the
financial crisis of 2008, and the understanding of liquidity and its premium has become more important than ever
before.

This study covers the Japanese corporate bond market's liquidity and its premium. Compared to stock
markets, bond markets have limitations in its data availability for liquidity research. Corporate bond market is an
OTC market, and because it has a low trade volume, data such as transaction price, volume, and BASP (Bid-Ask-
Spread) are hard to obtain. This study uses easy-to-obtain data from JSDA (Japanese Securities Dealers
Association)’s RSY (Reference Statistical Yields for OTC bond transactions) to calculate HLG? (High-Low Gap).
Japanese corporate bond market’s liquidity was measured, and liquidity premium’s framework was then built
based on that data.

This study comprises the following sections. Section 2 will introduce existing research on the liquidity index.
Section 3 will 1) verify the background theories and effectiveness of HLG as an indicator of liquidity, 2)
deconstruct the systematic risk and unsystematic risk in HLG, 3) construct a decomposition model of corporate
bond spread (yield spread of corporate bonds over government bonds) into the liquidity risk and default risk
premiums, and 4) verify the model using historical data, and construct a framework to measure liquidity and its
total premium. Section 4 will summarize the findings and determine its possible applications.

The following are major conclusions of the findings in this study:

1) HLG is an effective indicator of liquidity.

1 This study based on the research that received the support of the Grant in Aid for Scientific Research (22530323).
2 Refer to Appendix-1 for RSY and HLG.
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2) HLG can be divided into market liquidity as a whole and other liquidity.

3) HLG and its fragments can be used to estimate, by separating, liquidity premiums from corporate bond
spreads.

4) The liquidity premium estimated by this study’s model is extremely reliable.

2. Liquidity of Bonds

2-1. Existing Research

Volume and turnover ratios are a clear indicator of liquidity. If the trade volume is high, a large volume of
transactions can be completed in a short amount of time. High turnover ratios frequent transactions with short
asset holding periods.

On the other hand, low trade volume and turnover ratios do not always mean low liquidity. Especially in the
case of assets having high substitutability and a low unsystematic risk, such as for bonds, low trade volume of an
individual security does not always mean it is difficult to trade. For this reason, many technical indicators have
been developed to more accurately measure liquidity.

1) BASP indicator

Because high BASP makes trading difficult, BASP can be used as an indirect indicator of liquidity. In the case
of government bonds, the dealer’s asking price BASP is widely used as an indicator of liquidity, and BIS also uses
BASP to measure liquidities of government bonds of various countries.

However, bid and ask prices for bonds, other than government bonds, are not recorded, so it is difficult to use
BASP as a general indicator for liquidity.

2) Market impact indicator

Market impact is the level of a price change following a transaction. It is usually defined by the ratio of price
change and transaction volume. One of the major indicators is devised by Amihud [2002], which is widely used
as a liquidity indicator for publicly traded stocks. It is calculated by computing the average period of the daily
price fluctuation divided by the daily transaction volume. In the case of corporate bonds, Lin, H., J. Wang, and C.
Wu [2011] used the U.S. TRACE? to study Amihud’s index, but in practice, it is difficult to apply a market impact
index to assets which struggle to measure the trading volume and price, such as for bonds, comprising of low
trading volumes.

3) Time series indicator

Time series indexing uses time series data patterns of asset price alone to determine the degree of liquidity.
There are many kinds of time series indexing, including those using change in volatility of similar bonds, and
smoothness of the yield curve. Pastor and Stambaugh [2003] have observed that when there is a large
fluctuation in asset price for those with not enough liquidity, there is a negative auto-correlation on the next day,
with the correction in the opposite direction. They proposed a liquidity measurement model as a rate of return
time series with auto-correlation. Chen, Lesmond and Wei [2007] devised a method to estimate an implied
transaction cost using the maximum likelihood method against a time series data for pricing, and defined cost as
an alternative liquidity indicator.

However, in the case of low transaction volume (OTC-based corporate bond transactions) excluding U.S.
TRACE, we cannot obtain sufficient price information and therefore application of time-series indexing is also
difficult.

3 TRACE (The Trade Reporting and Compliance Engine) is an American corporate bond information system operated by
FINRA (The Financial Industry Regulatory Authority).

MBS Review Nol5 (34)



Wang Jingsui (F5ifE)

4) Trade interval indicator

Trade interval is another effective indicator of liquidity. It can be applied to assets with a low transaction
frequency, and has a wide range of application. Liu [2006] proposed a method of trade interval indicator using the
number of trade days and turnover ratios for days where there were no transactions. It is difficult to measure
trade intervals in the case of OTC transaction based bonds, but Lesmond, Ogden, and Trzcinka [1999]
determined that market makers tend to continue asking for the same price when transactions do not occur, and
will use the number of days with zero daily rate of return as an alternative indicator for trade intervals. Wang,
Okazaki [2009] and Wang [2011] determined that trade intervals have an effect on distribution of opinions
toward prices in the market, and the RSY for Japanese government-guaranteed bond and corporate bond’s
highest and lowest opening HLG were determined to function as an alternative indicator for trade intervals.

2-2. Liquidity Risk Premium

Investing in assets with a low liquidity carry the risks of price uncertainty during acquisition and sale, as well
as difficulty of sale. These risks shall be called the liquidity risk in this study. Investors demand a premium in
return for bearing liquidity risk. Ibbotson [2009] conducted an empirical research on stock liquidity and excess
return. It was concluded in his research that liquidity is independent from traditional factors such as size, value,
growth, and momentum, and he states that it is one of the sources of excess return.

In the case of corporate bonds, corporate bond spread is the premium for the risk toward its security, and it is
thought to be comprised of liquidity risk premium and default risk premium. Collin-Dufresne and Goldstein
[2001] explained that default risk premium can only explain approximately 25% of corporate bond spread
fluctuations, pointing to the existence of premiums other than default risk. Chen, Lesmond and Wei [2007],
Lesmond, Ogden and Trzcinka [1999], and others have conducted research on the U.S. bond market. These
researches have concluded that the effect of liquidity risk in terms of the corporate bond spread is equal or
greater than the credit rating. CDS (Credit Default Swap) is thought to have higher liquidity than corporate
bonds. But according to Longstaff, Mithal and Neis [2005], the ratio of default risk premium in CDS pricing is
about 51% for AAA/AA bonds, about 56% for A bonds, and about 71% for BBB bonds explaining that liquidity
risk also exist for CDS.

For studies on Japanese corporate bonds, there are Kaguraoka [2010], Miyakawa & Watanabe [2010], and
Nakamura [2009] as well as others. Kaguraoka, Miyakawa, and Watanabe introduced HLG in the multivariate
statistic model, and confirmed its effects on corporate bond spreads. Nakamura [2009] concluded that liquidity
risk better explains fluctuations in spread than default risk.

Wang and Okazaki [2009] used HLG as a liquidity indicator to estimate liquidity premium of Japanese
government-guaranteed bonds. Wang [2010] also used HLG to deconstruct liquidity premiums in corporate bond
spreads.

2-3. Data

The historical data used in this study is listed in Table-1. The data range is from January, 2005 to August, 2010.
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Table-1: Data Set Used

Data Set A Source
Data Content Average monthly HLG for government bonds QUICK
Average monthly HLG for government-guaranteed QUICK
bonds and FILP agency bonds
Average monthly HLG for corporate bonds by credit QUICK
rating
Monthly trade volume for government bonds, JSDA

government-guaranteed bonds, FLIP agency bonds, and

corporate bonds

Data Set B Source
Data Content Monthly HLG for individual corporate bonds QUICK
Median for corporate bond spreads QUICK

Criteria Bond duration between 2 and 7 years

Data Set C Source
Data Content Monthly HLG for individual corporate bonds QUICK
Monthly historical volatility for individual corporate QUICK
bonds
Monthly trade volume for corporate bonds JSDA

Criteria Bond duration between 2 and 7 years

R&I's (Rating & Investment Information, Inc) bond rating was used on bonds with BBB rating or higher. Data
Set C included samples with extremely large corporate bond spreads, but those with spreads greater than 6%
were deemed ineligible and were excluded. To avoid the effects of government bond futures, bond duration was
included in data criteria.

Refer to Appendix-2 for a summary of the panel data.

3. Market Liquidity and its Premium

3-1. Basic Model

Dealer’s Price Quotation Model in Figure-1 will now be introduced. Dealers can quote their prices at point ¢,
but their base information used at this instance is the trade price (including similar bonds) of the previous
transaction time #-. The interval At of ¢ and ¢- is presumed to have the following effects on the asking price:

If At is small, information at ¢- is close to its market condition at point ¢, and dealers can set the asking price with
a high conviction. There is limited room for individual judgment by dealers, and there will be small variation in
asking prices. If At is large, information at - would be obsolete, causing gaps in information. Dealers must
individually analyze the market condition and set asking prices based on their judgments. In this case, each
dealer’s judgment will normally differ, and there will be a variance in the asking price at £ The variance is
thought to become greater as At becomes larger.

At
D SO >
| |
1 1

v

t-‘time of previous trade t: time of quotation

Figure-1: Dealer Price Quotation Model
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This relationship is important. In the bond market, A¢ cannot be directly observed, but variation in its asking
price can be measured. In the Japanese corporate bond market, RSY’s highest and lowest opening HLG is an
indicator of this variance. Bond #'s HLG are defined as the following:

HLGi=|Hi— L [1]

H;i: and L, are highest and lowest RSY values for ¢ within bond 7 in [1]. HLG, is the distribution of opinion
range of bond ¢ for multiple dealers. If the distribution of opinion follows Gaussian or uniform distribution, then
|Hi,— Li, and standard deviation of distribution of opinion 6oy will have the following relationship4:

|Hio—Liy| o< 0op,i (2]

3-2. HLG and Trade Intervals

As a matter of course, trade interval At is a function of trade volume. If the average trade size is constant, then
trade volume V and Af will have a relationship of At oc 1/ V. It should be noted that V'is not only the trade volume
of the bond in question, but also the trade volume of similar corporate bonds that can be used as a reference for
pricing information.

The cause of variance in asking price is the uncertainty of A¢. Deviation of corporate bond spread v is:
dy¢=bi~dt+6y,z'dw(t) [3]

Furthermore, ¢ is the bond number, o, is bond 7's volatility, &; ,is the drift term, and w(¢#) represents the

Brownian motion. After the progress of At, - becomes:

yit T+ A =y(t7) +bi- At + o0y, (w(t~+AH) —w(t7)) (4]
The standard deviation of yi(¢~+A#) —v:(¢7) is:

STDIyt™+A0) =yt )1 =0y /At [5]

Let’s say o0y, /At is comparable to distribution of opinion standard deviation oos,; for a dealer’s asking price, HLG
and At will have the following relationship by using equation [2]:

HLG; o< 6,:/At [6]

HLG is a trade interval indicator as well as being proportionate to volatility o,,; and the square root of interval At
In this study, the monthly average HLG® is used.

3-3. Effectiveness as a Liquidity Indicator

The effectiveness as a liquidity indicator for HLG will be determined by looking at two angles: the correlation of
HLG and trade volume, and the comprehensiveness of the empirical order.
1) Correlation of HLG and Trade Volume

Table-2 shows the correlation of a monthly and a 3-month average for HLG and trade volumes of Japanese
corporate bonds, government bonds, government-guaranteed bonds, and FILP agency bonds. From this chart, a
negative correlation of HLG and trade volume is observed, regardless of the types of bonds. In other words, this is

4 Strictly speaking, the relationship in [2] is dependent on the number of dealers quoting an asking price. This study will not
consider its effect. Please refer to Appendix-1 for details.
5 Daily HLG is easily affected by dealer’s supplies and expectations. Monthly average data can eliminate this problem to a degree.
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the proof that the trade volume information is included in HLG, and it supports the argument of its effectiveness
as a liquidity indicator.

Table-2: Spearman's rank correlation for average HLG and trade volume.

All AAA AA A BBB  Govt. Guaranteed FILP
Corporate Bonds Bonds Bonds Bonds Bonds Bonds Bonds
Bonds
Monthly Avg. -0.464 -0.561 -0.444 -0.539  -0.490 -0.592 -0.553 -0.439
3-Month Avg.  -0.492 -0.540 -0.422 -0.539  -0.487 -0.650 -0.632 -0.533

- Source: Data set A

2) Comprehensiveness of the Empirical Order

In the Japanese bond market, government bonds are thought to have the highest liquidity, followed by
government-guaranteed bonds and FILP agency bonds. This order will be referred to as an empirical order in
this study.

Figure-2 shows the monthly moving average of HLG for government bonds, government-guaranteed bonds,
and FILP agency bonds. HLG for Government bonds is the lowest, and the number increases in the order of
government guaranteed bonds, then FILP agency bonds. The liquidity order and the empirical order of HLG
coincides regardless of the time period.

(%p)
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0.06 W 8 8 - 8 {\ ﬂ
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: A f\\/
[ I I e
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0
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Figure-2: Monthly moving average for HLG of government and other bonds

The moving average HLG by corporate bond rating is shown in Figure-3. There is an increase in HLG for
corporate bonds following the Lehman Shock in August 2008. HLG captures the decrease in liquidity.
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Figure-3: Monthly moving average HLG for rated corporate bonds
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Kyle [1985] identifies three dimensions of liquidity: tightness, depth, and resiliency. BIS [1999] has also adopts
this definition. Tightness represents the deviation of trade price from the equilibrium price. RSY is the market
opinion rather than trade price, but if its variance is significant, there will be an uncertainty of future trade prices,
and the possibility of diverging from the equilibrium price will increase. That is, HLG is an indirect indicator of
tightness. Depth represents the volume that can be traded without affecting market price, while trade volume
and frequency are its major indicators. The relationship of HLG and At, as well as the relationship of HLG and
trade volume observed by numerical analysis in [6], is the proof that HLG is a measurement of depth. Resiliency
is the speed at which a price imbalance, caused by temporary discrepancy in supply and demand, returns to
normal price. The speed of recovery is generally thought to be faster when market opinions toward prices are in
agreement, rather than when dealers have different opinions. In other words, the smaller the HLG, a faster
resiliency can be observed.

As seen in the above analysis, it can be concluded that HLG is an effective, comprehensive indicator of liquidity.

3-4. Decomposing HLG

Regardless of trade volume V, so long as the average transaction size is constant, the statement Af~1/V is

. . o iz 0.5 . . . . .
true and the relationship HLG; o< (yT) can be observed from [6]. Figure—4 confirms this equation using Data

Set A. This is a scatter diagram (logarithmic scale) with HLGi(#) as the y-axis, and oy,(£)*/ V (¢) as the x-axis.
From its shape, the relationship:

Gy,iz(lf)> [7]

V(t)
can be observed between HLGi(t) and 0,.:(t)*/ V (¢).

log(HLG(t)) =log(K;)+x- log(

1E*10

13 1E-12 1E-11 .0qoo1

Figure-4: The relationship of HLG/(t) and o, i(t)*/V(t).

In [7], 7 is the bond number, o0,(t) is its volatility, and V (¢) is the trade volume for all corporate bonds.
Assuming 1/V (¢) is the condition of market liquidity as a whole (systematic liquidity), then HLG is its function,
and the sensitivity of systematic liquidity is determined by individual bond’s volatility and coefficient K; In

addition, transaction size and trade volume often have a positive correlation, and radicand x is predicted to be
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smaller than 0.5.
Table-3 is an estimated result of [7]. x is 0.329, log(K:)’s average is estimated to be 4.63. The numbers are
within the expected range, and it is statistically significant.

Table-3: Estimated result of equation [7].

Dependent Variable: HLG

Method: Panel Least Squares

Sample: 2005M01 2010M08

Periods included: 68

Cross-sections included: 1584

Total panel (unbalanced) observations: 81636

Variable Coefficient Std. Error t-Statistic Prob.
Log_K 4.640345 0.027774 167.0741 0.0000
X 0.329160 0.001338 263.1905 0.0000

Effects Specification

Cross-section fixed (dummy variables)

R-squared 0.690435 Mean dependent var -2.652499
Adjusted R-squared 0.684310 S.D. dependent var 0.964274
S.E. of regression 0.541790 Akaike info criterion 1.631350
Sum squared resid 23497.92 Schwarz criterion 1.812108
Log likelihood -65003.43 Hannan-Quinn criter. 1.686711
F-statistic 112.7152  Durbin-Watson stat 0.706832
Prob(F-statistic) 0.000000

K can vary depending on the bond in [7], and is an attribute of each bond. The distribution of K; is shown in
Figure-5. [7] can be interpreted as the following:
1) Systematic liquidity is determined through 1/ V*(¢), and each HLG bond’s sensitivity is K;- oy,:**(¢).
2) Ki-0,:*(t) is the liquidity characteristic of individual bonds.

400

300 M

200

100

0 Py I |H||_|||_||n|n”—|”—||l'||
PR OSSP P P P

Figure-5: Distribution of K;

To summarize, approximately 70% of HLG can be explained by systematic liquidity. The sensitivity of
systematic liquidity is made up of individual bond’s characteristics, volatility and K.
In terms of CAPM, HLG can be decomposed into:

HLG(t)*= HLS(t)+ HLU?(¢) (8]

In [8], HLSi(#) represents the price uncertainty caused by the systematic liquidity. HL Ui(t) shows the price
uncertainty caused by factors other than systematic liquidity. This HL Ui(t) includes judgment towards default
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risk, uncertainties due to dealer supplies as well as other causes such as diminishing liquidity caused by

individual bonds.

Using Table-3's results:

il

HLUXt)=HLG#(t)— HLS!(t)

HLSi(l):Kt( (9]

can be derived. It is possible to decompose HLG as systematic liquidity factor HLSi(¢) and other factors HL U(¢)
using[9].

3-5. Forming a Corporate Bond Spread Model

It is apparent from numerous research results that default risk can only explain a part of a corporate bond
spread. The actual average spread for rated corporate bonds (Table-4), and the default rates announced by R&I
(Table-5) show the disparity in corporate bond spread and is significantly smaller than the disparity in default
rates between different bond ratings. The existence of a factor other than default risk premium in the corporate

bond spread can also be observed using this data.

Table-4: A sample corporate bond spread (average SRY in August 2008)

AAA AA A BBB BB
0.188 0.282 0.815 0.965 1.348
- Data Source: QUICK
- Credit Rating: R&I

Table-5: Default rate by credit rating

Cumulative default rate (%) Average default
rate (%) / Year

lyear 2years 3years 4years 5years 6years 7 years

later
AAA 0.00 0.00 0.00 0.00 0.00 0.15 0.30 0.010
AA 0.00 0.00 0.00 0.00 0.05 0.11 0.16 0.007
A 0.05 0.14 0.26 0.42 0.57 0.73 0.99 0.098
BBB 0.07 0.28 0.48 0.72 1.05 1.38 1.68 0.176
BB 1.86 3.19 4.67 5.72 6.44 7.33 8.68 1.456

- Data Source: R&I

Corporate bond spread here will be defined as:

Corporate spread = Liquidity risk premium + Default risk premium
Liquidity risk premium = Risk unit price X Liquidity indicator

The three candidates of liquidity indicator for the calculation of liquidity risk premium are 1) HLG, 2) HLS, 3)

HLS and HLU. The simplest method is the use of HLG. It is also consistent with CAPM, which only pays premium

for systematic risk. The usage of HLU is an eclectic one where premium is also paid for individual risks.
Default risk premium will be dependent on corporate bond ratings. Depending on the liquidity measurement

used, there are the following three models for corporate bond spread ¢ at time &

spip=a - HLG;~+> b Ri (k) +&is [10-1]
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Spi,tzb'HLSLL‘_'_Z/JZIC'Ri,t(k)+5i,t [10-2]

Spi,tz b * HLSM"’C . HL []i,t+2khk ‘ Rz,t(k) +8[,t [10_3]

In this study, [10-1], [10-2], and [10-3] will be referred to as the HLG model, HLS model, and HLS + HLU
model, respectively. In each model, corporate spread spi: is decomposed into parts that represent liquidity risk
premium and the part that represents the default risk premium >4 Ri(k). In the HLG model, liquidity risk
premium is a* HLGi,, in the HLS model, it is - HLS;;, and in the HLS + HLU model, it is b- HLS;:+c- HLU;,.
Coefficients a, b, and ¢ represents the liquidity risk unit prices in each model. % is the default risk premium
corresponding to the credit rating %. R; (k) is a variable that represents the bond rating, and if bond 7's rating at

time ¢, Ratingi; is equal to k, then it is 1, else it is 0.

1 if Ratingi, =k

11
0 else [11]

R,-,;(k)={

3-6. Testing

Coefficients a, b, c, { ) will be estimated using Data Set C against the three models in [10]. GLS (time series
SUR weighting) will be used for estimation. Table-6 is the estimation results, without taking into consideration
bond rating® scores. From these three charts, all variables derived were found to be statistically significant
(critical p-value 1%). Liquidity risk unit prices a, b, ¢ were estimated to be 1.8, 1.36 to 1.38, and 0.9. Liquidity risk
unit prices are positive, and c<a<b are also logical. In addition, it was confirmed that default rating premium
{h4) for each credit rating increased as ratings decreased. The Durbin-Watson Ratios were under 2, but they were
in the range of 1.3 to 1.5, so it is conceivable that the problem of error terms in serial correlation is void. Statistical
software Eviews-7 was used.

By comparing the three models’ results as well as their ability to explain sp, HLS model was a much more
effective route than the HLG model. This is an indirect evidence that liquidity premium makes a larger part of
HLS than HLG in the market. In addition, HLS + HLU model had a stronger explanation than the HLS model.
This means that a premium is paid for factors other than systematic risk in the market. Of course, this premium is

lower than the systematic risk premium.

Table 6-1: HLG Model Testing (without taking into account variation in ratings score)

Variable Coefficient Std. Error t-Statistic Prob.
Raa 0.120 0.003 43.2 0.000
Ra 0.268 0.002 112.6 0.000
Rbbb 0.406 0.004 113.3 0.000
HLG 1.812 0.010 180.9 0.000
Weighted Statistics

R-squared 0.508 Mean dependent var 0.537
Adjusted R-squared 0.508 S.D. dependent var 1.267
S.E. of regression 0.744 Sum squared resid 26762.8
Durbin-Watson stat 1.322

6 Due to the limitation in AAA sample size, AAA and AA were combined as AA.
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Variable Coefficient Std. Error t-Statistic Prob.
Raa 0.063 0.003 241 0.000
Ra 0.165 0.002 68.3 0.000
Rbbb 0.313 0.004 86.7 0.000
HLS 2.996 0.016 185.5 0.000
Weighted Statistics

R-squared 0.512 Mean dependent var 0.530
Adjusted R-squared 0.512 S.D. dependent var 1.224
S.E. of regression 0.736 Sum squared resid 26161.7
Durbin-Watson stat 1.482

Table 6-3: HLS + HLU Model Testing (without taking into account variation in ratings score)

Variable Coefficient Std. Error t-Statistic Prob.
Raa 0.066 0.003 258 0.000
Ra 0.164 0.002 70.6 0.000
Rbbb 0.303 0.003 88.2 0.000
HLS 2.552 0.014 188.6 0.000
HLU 0.948 0.009 106.1 0.000
Weighted Statistics

R-squared 0.560 Mean dependent var 0.595
Adjusted R-squared 0.560 S.D. dependent var 1.326
S.E. of regression 0.760 Sum squared resid 27876.7
Durbin-Watson stat 1.449

Table-7 is the estimation results taking into consideration variation in bond rating’ scores. The overall pattern

is similar to the case without the variation in ratings scores, but the model interpretability decreased when

including variations in scoring. The market may not be considering these variations when setting the asking

price, or it is possible that the ratings are not as precise. The Durbin-Watson Ratio also performed worse when

variation in scoring was considered.

Table 7-1: HLG Model Testing (with score variation)

Variable Coefficient Std. Error t-Statistic Prob.
Raaa 0.142 0.006 255 0.000
Raa- 0.222 0.007 31.7 0.000
Ra+ 0.273 0.005 58.7 0.000
Ra 0.305 0.005 66.0 0.000
Ra- 0.347 0.005 69.8 0.000
Rbbb+ 0.395 0.006 63.6 0.000
Rbbb 0.449 0.007 62.5 0.000
HLG 1.472 0.012 125.2 0.000
Weighted Statistics

R-squared 0.491 Mean dependent var 0.462
Adjusted R-squared 0.491 S.D. dependent var 0.943
S.E. of regression 0.624 Sum squared resid 18790.3
Durbin-Watson stat 1.215

7 Due to the limitation in AAA and AA + sample sizes, AAA, AA +, and AA were combined as AAA.
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Table 7-2: HLS Model Testing (with score variation)

Variable Coefficient Std. Error t-Statistic Prob.
Raaa 0.074 0.004 19.3 0.000
Raa- 0.118 0.006 20.7 0.000
Ra+ 0.152 0.004 37.2 0.000
Ra 0.181 0.004 474 0.000
Ra- 0.229 0.004 51.9 0.000
Rbbb+ 0.299 0.006 54.4 0.000
Rbbb 0.375 0.006 61.9 0.000
HLS 2.345 0.020 118.2 0.000
Weighted Statistics

R-squared 0.480 Mean dependent var 0.452
Adjusted R-squared 0.480 S.D. dependent var 0.968
S.E. of regression 0.636 Sum squared resid 19528.8
Durbin-Watson stat 1.379 \

Table 7-3: HLS + HLU Model Testing (with score variation)

Variable Coefficient Std. Error t-Statistic Prob.
Raaa 0.082 0.004 20.0 0.000
Raa- 0.127 0.006 22.2 0.000
Ra+ 0.161 0.004 39.9 0.000
Ra 0.190 0.004 495 0.000
Ra- 0.234 0.004 53.8 0.000
Rbbb+ 0.293 0.005 53.9 0.000
Rbbb 0.364 0.006 59.5 0.000
HLS 2.010 0.016 122.7 0.000
HLU 0.812 0.010 82.4 0.000
Weighted Statistics

R-squared 0.528 Mean dependent var 0.514
Adjusted R-squared 0.528 S.D. dependent var 1.024
S.E. of regression 0.654 Sum squared resid 20681.9
Durbin-Watson stat 1.309 \

Table-8 is the decomposition of the (average) corporate bond spread by credit rating into liquidity risk spread
and default risk spread using the results in Table-6. From the table, liquidity risk premium for AAA/AA, A, and
BBB rating bonds were approximately 21%, 43%, and 52% of the entire corporate bond spread. This result, once
again, shows the importance of liquidity.

Table-8: Structure of liquidity risk premium and default risk premium

Rating AAA + AA A BBB
Corporate bond 0.225 0.550 0.857
spread

HLG 0.059 0.124 0.167
Liquidity risk spread 0.047 0.239 0.445
Default risk spread 0.178 0.311 0.412

- Average values from January 2005 to August 2010 were used in the calculation.

3-7. The Stability of the Liquidity Risk Premium

Many studies include macro factors, industry types, or maturity dates in the right side of equation [10]. In this
section, the reliability of this study’s models and the problem of missing variables will be addressed by adding

macro factors and maturity dates into the models in this section.
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The middle columns of Table 9-1, Table 9-2, and Table 9-3 show the estimated result by adding the bond
maturity date (Mat) as an explanatory variable to the three models in [10]. From ¢ values, it has become
apparent that the maturity date is statistically significant as an explanatory variable. However, the inclusion of
maturity date barely affected the estimated value of liquidity risk premium. HLS, HLS, and HLU included
information that was entirely different from maturity dates, and the results were confirmed to be stable.

Using Miyakawa & Watanabe [2011] as a reference, macro indices relating to default and liquidity risks: 1)
10-year JGB (Japanese Government Bond) and 2-year JGB yield deviation < JGBSLOPE >, 2) 10-year JGB
yield < JGB10Y >, 3) Nikkei average return < NKY >, and 4) TIBOR and JGB's spread < 7" JGBGAP >, were
included as explanatory variables. Intriguingly, the estimated values for liquidity risk premium remained nearly
the same, even with the inclusion of these explanatory variables. This means that HLS, HLS, and HLU included
information on non-macro indices, and that their informational value was reaffirmed. On the other hand, inclusion
of macro indices greatly changed its estimated results of the default risk premium {%:}, but model's explanation
rate (Adjusted R2) barely increased at all. To explain the corporate bond spread, this means that macro indices
are redundant with credit rating information, and that macro factors did not consist of a significant amount of
additional information.

From the above analysis, the composition of liquidity risk premium in this study’s models was found to be
extremely stable.

Table 9-1: HLG model’s stability check

Model [10] Add Maturity Add Macro Factors |
HLG| 1.812 (180.9) 1.795 (178.2) 1.671 (172.2)
Raa | 0.120 (43.2) 0.189 (31.1) -0.117 (-10.8)
Ra| 0268 (112.6) 0.334 (58.2) 0.029 2.7
Rbbb | 0.406 (113.3) 0.471 (74.1) 0.174 (15.9)
Mat -0.047 (-12.8)
JGBSLOPE -0.029 (-4.7)
JGBI0Y 0.116 (23.1)
NKY 0.054 (6.4)
T JGBGAP 0.628 (43.8)
Adj. R2| 0.508 0.510 0.528
D.W Ratio | 1.322 1.320 1.303

-The values in parentheses are t values.

Table 9-2: HLS model’s stability check

Model [10] Add Maturity Add Macro Factors |
HLS | 2.996 (185.5) 2.970 (182.9) 2.709 (169.1)
Raa | 0.063 (24.1) 0.158 (23.6) -0.177 (-16.8)
Ra| 0.165 (68.3) 0.257 (39.8) -0.069 (-6.6)
Rbbb | 0313 (86.7) 0.404 (57.4) 0.086 (7.9)
Mat -0.062 (-15.5)
JGBSLOPE 0.023 3.7
JGBI10Y 0.081 (16.3)
NKY 0.145 (11.9)
T JGBGAP 0.751 (51.6)
Adj. R2| 0.512 0.513 0.509
D.W Ratio | 1.482 1.479 1.449

-The values in parentheses are t values..
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Table 9-3: HLS + HLU model’s stability check

Model [10] Add Maturity Add Macro Factors |
HLS| 2.552 (188.6) 2.535 (186.6) 2.395 (177.0)
HLU| 0948 (106.1) 0.942 (105.4) 0.885 (101.5)
Raa | 0.066 (25.8) 0.139 (22.6) -0.152 (-15.5)
Ra| 0.164 (70.6) 0.234 (39.9) -0.050 (-5.1)
Rbbb | 0.303 (88.2) 0.372 (57.8) 0.094 9.4)
Mat -0.048 (-13.1)
JGBSLOPE 0.017 (3.0)
JGBI0Y 0.081 (17.2)
NKY 0.129 (12.4)
T JGBGAP 0.619 (46.2)
Adj. R2 | 0.560 0.563 0.570
D.W Ratio | 1.449 1.446 1.421

-The values in parentheses are t values.

4. Conclusion

This study proposes HLG as an indicator to measure the liquidity of bonds, and confirmed the background
theories and verified their effectiveness. Using the dealer’s quotation model as a base, the logical reasoning of
using HLG as a liquidity indicator was proven. In addition, historical data was used to analyze the correlation of
HLG and bond trading volume, as well as the comprehensiveness of an empirical order to confirm HLG's
effectiveness as a liquidity indicator.

HLG is also an indicator of uncertainty in price, and from this angle, this study proposed decomposition models
of HLG into systematic liquidity contribution (HLS) and other parts (HLU), forming three models to calculate
the liquidity risk premium. Of the three models, HLG model is the simplest, while HLS model follows the concept
of CAPM, and HLS + HLU model paid premiums for individual risks. As a result of testing historical data, all
three models were found to work. However, the HLS + HLU model had the best ability to explain the corporate
bond spread. The fact that corporate bonds investments are not as diversified as equities, is believed to be the
backbone of these results.

Furthermore, test results confirmed liquidities HLG, HLS, and HLS + HLU to constantly affect the price of
corporate bonds. In addition, Japanese corporate bonds, on average, were constructed by liquidity risk premiums
that accounted for 21% of spreads in AAA/AA rated bonds, 43% for A, and 52% for BBB. There are similar
conclusions in previous studies, but this study uses models that are very stable in estimating liquidity risk
premiums. Even when maturation duration and macro indices were included in the model, liquidity risk
premiums were barely affected. Since HLG are calculated from the disclosed RSY data, the models in this study
bring new possibilities to the bond liquidity analysis field known to have limited data, highlighting robustness and
the significance

The main ideas behind the models in this study indirectly estimate liquidity through the disagreement
(distribution) of market opinions toward asset prices. This idea is simple and widely applicable. For example, it
can also be applied to CDS or real estate pricing. These are possible topics of study for future research.
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APPENDIX-1. RSY (Reference Statistical Yields for OTC Bond Transactions)
And HLG (High-Low Gap)

The Japanese RSY (Reference Statistical Yields for OTC bond transactions) is a value calculated based on the trade
quotation reported at 3pm every day to the Japan Securities Dealers Association (JSDA) by twenty one member
security firms for selected stocks. There are the average, the median, the day’s high, and the day’s low values in RSY,
and each cumulative data is calculated after removing a certain percentage of the highest and the lowest values.

Assuming the asking price for Company 7 from the largest to smallest is {¥x, ¥u-1, **-, y1}. RSY is calculated after
removing & numbers of highest and lowest values from the target data. Here, the number % is determined by #

number of companies quoting an asking price (Table A-1).

Table A-1: Number of data n and k(n) numbers removed

N 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
K 1 1 1 1 2 2 2 2 2 3 3 3 3 3 3 4
2k/n 034 028 026 022 040 036 034 030 028 040 038 038 034 032 030 038

- From JSDA’s home page.

RSY'’s highest value is yx-r, and lowest value is yi+r. HLG will be the following:
HLG=Yp—1— Y14k

Table A-1's third row is the percentage of data cut out of the final data. There are some discrepancies caused
by 7, but on average approximately a third of data are removed on both sides. HL G calculated in this method and
the distribution of y's standard deviation ¢’s ratio m=HLG/o varies depending on the types of distribution.
However in the case where y is either a Gaussian or a uniform distribution, then 2 is shown as Table A-2. From
the table, it is apparent that » is not very dependent on the z number of companies quoting an asking price, and
it is slightly larger than twice the standard deviation of price distribution of opinions.

Table A-2: m in m = HLG/ o and number of data n

n 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
mi 193 214 230 244 168 182 193 204 214 168 1.77 186 193 201 207 1.75
m 231 247 260 269 208 220 231 240 247 208 2.17 224 231 237 242 214

- my is for normal distribution. m, is for uniform distribution.
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APPENDIX-2. Panel Data Summary

There are extremely large corporate bond spreads included in the data (Table A-3). To remove these values
as outliners, only 99.5% of the sample and those with spread under 6% were used.

Table A-3: Distribution of corporate bond spread

sp Total Sample
1 54,508 91.0% 54,508 91.0%
2 57,382 95.8% 2,874 4.8%
3 58,528 97.7% 1,146 1.9%
4 59,120 98.7% 592 1.0%
5 59,425 99.2% 305 0.5%
6 59,607 99.5% 182 0.3%
7 59,689 99.7% 82 0.1%
10 59,800 99.9% 37 0.1%
15 59,880 100.0% 80 0.1%
20 59,886 100.0% 6 0.0%
25 59,887 100.0% 1 0.0%
30 59,888 100.0% 1 0.0%
35 59,888 100.0% 0 0.0%
40 59,890 100.0% 2 0.0%
45 59,891 100.0% 1 0.0%
50 59,891 100.0% 0 0.0%

Sample values with spreads of 6% or more that were removed belonged to A and BBB ratings, and they are
concentrated in the periods after the Lehman Shock in 2008 3Q (Table A-4).

Table A-4: Samples analyzed

Number of samples considered Number of samples
removed

AAA AA A BBB A BBB
2005.1-3 3 588 669 306 0 0
2005.4-6 3 650 744 328 0 0
2005.7-9 5 697 826 340 0 0
2005.10-12 9 750 909 353 0 0
2006.1-3 38 828 978 368 0 0
2006.4-6 102 915 1,028 406 0 0
2006.7-9 9 978 1,058 432 0 0
2006.10-12 9 1,053 1,162 436 0 0
2007.1-3 9 1,054 1,287 460 0 0
2007.4-6 9 1,077 1,316 464 0 0
2007.7-9 9 1,094 1,310 459 0 0
2007.10-12 9 1,106 1,376 459 0 0
2008.1-3 9 1,091 1,368 437 0 0
2008.4-6 9 1,167 1,385 423 0 0
2008.7-9 9 1,193 1,303 422 25 1
2008.10-12 6 1,247 1,156 382 43 9
2009.1-3 9 1,257 1,075 345 75 41
2009.4-6 13 1,278 1,110 333 68 42
2009.7-9 16 1,367 1,139 326 18 22
2009.10-12 18 1,358 1,188 325 15 35
2010.1-3 18 1,428 1,207 326 0 40
2010.4-6 18 1,503 1,259 340 2 20
2010.7-8 12 1,004 850 218 0 10
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