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Abstract

This paper studies the trading volume and liquidity of corporate bonds using a

unique dataset of insurance company trades. The analysis covers more than 17,000 US

corporate bonds of 4,151 companies from January 1995 to December 1999. Most cor-

porate bonds trade in dealer markets in which transactions prices and trading volume

are usually unobservable. Hence, previous studies have used yield spreads as proxies

for liquidity or have based their findings on limited samples of bonds. Our dataset

allows us to study the effect of a variety of issue- and issuer-specific characteristics on

liquidity in the broader corporate bond market. Consistent with previous findings, we

determine that larger and newer issues do trade the most. In contrast to Alexander et

al. (2000), our results show that bonds of companies with publicly traded equity trade

more than those with private equity. Further, public companies with more active stocks

have more actively traded bonds. We analyze high- and low-grade bonds separately to

find that credit risk increase trading in investment-grade bonds but reduce trading in

high-yield bonds. Overall, equity market shocks decrease bond trading, while changes

in long-term Treasury rates induce more trading in long-maturity corporate bonds and

less trading in short-maturity bonds.
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1 Introduction

This paper presents the most comprehensive study to date of trading activity in the corporate

bond market. We analyze the determinants of trading volume for over 17,000 investment-

grade and high-yield bonds of public and private firms over a 60-month period from January

1995 to December 1999. Researchers and practitioners have long hypothesized as to how

particular bond characteristics or market conditions are related to liquidity. Recently avail-

able transactions data for insurance company trades in this market allows us to provide

meaningful estimates of the significance and magnitude of these effects.

Bonds are primarily traded in a non-centralized dealer market, where investors shop

between dealers for the best quotes. As a result, transaction data are generally unavail-

able. However, two recently compiled transaction datasets have enabled researchers to begin

studying trading practices in this market. The Fixed Income Pricing System (FIPS) contains

transaction information collected by the NASD for a relatively small number of high-yield

bonds; this dataset has been used by Alexander, Edwards, and Ferri (AEF, 2000) to study

determinants of trading volume and by Hotchkiss and Ronen (1999) to test the informational

efficiency of the market. The second recently available database, which we use in this study,

is based on information on bond trades reported to the National Association of Insurance

Commissioners (NAIC). The NAIC database is significantly more comprehensive and in-

cludes daily transactions data on more than 30,000 bonds. It has previously been used to

estimate realized bid-ask spreads for the most actively traded corporate bonds (Chakravarty

and Sarkar (CS, 1999), Hong and Warga (HW,2000), and Schultz (2001)). In this study, we

use the NAIC data to study trading volume as a measure of corporate bond liquidity.

Liquidity is defined as the ability to trade quickly at a low cost (O’Hara, 1995, p.216).

Previous literature suggests three ways of measuring liquidity: through the bid-ask spread,

trading volume, and the price impact of large trades. Prior to the availability of any trans-

actions based databases, studies largely used yield spreads or issue size (Sarig and Warga

(1989), Blume, Keim, and Patel (1991), and Crabbe and Turner (1995)) as proxies of bond

liquidity, but no data was available to demonstrate a relationship between issue size and more

direct measures of liquidity. Further, yield spreads compensate for credit risk in addition

to liquidity risk. The recently available NAIC database has enabled researchers to measure

liquidity through realized bid-ask spreads, as data on quotes is still not available. CS and

HW estimate bid-ask spreads based on transactions identified as buys vs. sells for the most

actively traded bonds in the NAIC dataset1. Because of infrequent trading in corporate

1 Schultz (2001) provides estimates for a larger sample of bond by inferring prices when bonds do not
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bonds, there is not sufficient intraday data for meaningful estimates of price impact as a

liquidity measure. Our paper focuses on the third measure of liquidity, trading volume.

Using trading volume as a proxy for liquidity is supported by two theoretical argu-

ments. First, the ’inventory paradigm’ of Demsetz (1968), Stoll (1989), Ho and Stoll (1981)

suggests that liquidity depends on the cost of financing dealer inventories. Based on this

paradigm, AEF argue that inventory costs for low-trading bonds are likely to be higher and

are passed on to the investor in the form of higher bid-ask spreads. Low trading volume and

high bid-ask spreads both indicate low liquidity, but realized bid-ask spreads are compensat-

ing for risk factors in addition to liquidity (see CS). Moreover, Grossman and Miller (1988)

theorize that realized spreads provide compensation to dealers to cover the execution cost of

the trade rather than compensation for providing liquidity. Second, Kamara (1994) develops

a measure of ’immediacy risk’ which incorporates trading volume directly. Immediacy risk is

the risk of adverse price moves by the time the transaction is executed. This risk is directly

related to the price volatility of the bond and the time needed to execute a trade. Higher

trading volume reduces both execution time and the risk of an adverse price move.

There are two critiques of using trading volume as a liquidity proxy. First, critics of

trading volume argue that the volume of large trades, rather than total volume, is a better

measure of liquidity2. However, AEF find that large trades, small trades, and total volume

are highly correlated, making all three bond liquidity measures close substitutes in bond

markets. Second, trading volume does not explicitly incorporate trading costs, which falls

short of fully satisfying O’Hara’s definition of liquidity. While CS find a significant nega-

tive correlation between trading volume and realized bid-ask spreads, there are important

exceptions. Bamber (1986) and Krinsky and Lee (1996) observe that around earning an-

nouncements both volume and bid-ask spreads are high, which raises questions about the use

of both measures as proxies for liquidity. The theoretical literature3 argues that increased

trading in this situation is not liquidity driven, but rather ’speculation driven’, and results

from investors’ differences in interpreting economic news. Like AEF, we estimate this ’specu-

lative component’ of trading volume through the risk characteristics (interest-rate, volatility,

and credit risk) of corporate bonds.

Our comprehensive trading volume dataset allows us to consider a large number of

trade using a database of monthly bond quotes provided by Lehman Brothers. Details of the various data
sources are provided in Section 3.

2Madhavan and Cheng (1997) and Keim and Madhavan (1996) believe that the ability to execute large
trades with little price impact reveals better the depth of the market.

3The list includes Harris and Raviv (1993), Bachelier (1900), Bamber, Barron, and Stober (1999), Kandel
and Pearson (1995), Kyle (1985), and Admati and Pfeiderer (1988).
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bond characteristics suggested by previous studies to affect liquidity and to test a wider

range of hypotheses. Investment-grade and high-yield bonds are analyzed separately. From

the NAIC data, for each month a bond is outstanding, we calculate the par amount traded

(which is frequently zero) standardized by the bond’s total amount outstanding. We esti-

mate tobit regressions explaining the monthly volume of trade as well as logit regressions

explaining whether a bond trades in a particular month. Our limited dependent variable

methodology allows us to handle the problem of irregularly spaced data due to the gener-

ally infrequent trading of corporate bonds. We estimate the relative sensitivity of monthly

trading volume to issue- and issuer-specific characteristics, as well as to changes in general

financial market conditions. Consistent with previous research, we find that the issue’s size

and age are the two most important determinants of liquidity. For example, a $150 million

($190 million)4 increase in amount outstanding increases the probability of trade in a given

month for investment-grade (high-yield) bonds from 35.7% (25.4%) to 55.5% (35.9%), while

a 5.5 years (4 years)5 increase in the bond’s age reduces the probability by 5.6% (3.6%).

We also compare the trading activity of bonds with privately and publicly held equity and,

in contrast to AEF’s findings for a smaller sample high yield bonds, we find that bonds of

firms with private equity trade significantly less than their public counterparts. We also find

a strong correlation between trading volume of the equity and debt of firms with publicly

traded equity. Finally, we observe that large return shocks in the stock market induce less

trading in the bond market, while changes in long-term Treasury rates generate more trading

particularly for longer-maturity corporate bonds.

The rest of the paper is organized as follows: the next section motivates the variables

used to explain corporate bond trading and presents some evidence from previous studies.

Section 3 describes our dataset of insurance company trades, as well as additional datasets

used in this study, and discusses the bond trading patterns observed in our sample of bonds.

Section 4 presents the model and estimation methodology. Section 5 discusses the results

and the last section concludes the paper. For the interested reader, the appendix presents

additional details and intuition on the modeling approach used in the study.

4The average amount outstanding across all investment-grade (high-yield) bonds is $130 million ($150
million), while the standard deviation of amount outstanding in the sample is $150 million ($190 million).

5The average age of investment-grade (high-yield) bonds is 4.4 (3.5) years, while the standard deviation
of the age variable in the sample is 5.5 (4) years.
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2 Potential determinants of corporate bond trading

This section motivates the choice of bond and stock variables used to explain liquidity in

US corporate bond markets. We review hypotheses about their expected impact on trading

and the available evidence from previous studies.

• Issue size. Following the inventory paradigm argument, it is hypothesized that size

should have a significant positive impact on bond liquidity as dealers can more easily

manage their inventory of larger issues. While studies using yield spreads to proxy

liquidity6 find little support for this hypothesis, Hong and Warga (2000) show that

larger issues have significantly tighter bid-ask spreads. For the 57 FIPS-traded bonds,

AEF find that larger issues do have higher trading volume.

• Age of bond. AEF and Warga (1992) argue that as a bond becomes more seasoned it

becomes less liquid as inactive portfolios absorb more and more of the original issue,

leaving less and less available to trade. Indeed, the evidence suggests that yield spreads

(Sarig and Warga (1989) and Warga (1992)) and bid-ask spreads (CS, Hong and Warga

(2000) and Schultz (2001)) increase and trading volume (AEF) decreases as the bond

ages.

• Interest-rate risk. As in AEF, we test whether bonds with higher interest-rate risk

have a stronger speculative trading component. The theoretical literature (Harris and

Raviv (1993) and Kandel and Pearson (1995)) suggests that differences in investors’

forecasts should lead to speculative trading using the issues with highest duration.

• Credit risk. Similarly, speculation about changes in the bond’s credit quality around

earning announcements or major macroeconomic news should induce more trading in

corporate bonds. AEF notice more trading in high-yield bonds with higher credit risk.

• Price volatility. Harris and Raviv (1993) theorize that trading volume is positively

affected by return shocks, because price volatility reflects differences in investors’ opin-

ions, which in turn induces more speculative trading. Consistent with this hypothesis,

AEF find bond trading to increase with bond return volatility.

• Publicly vs. privately traded equity. Only a portion of corporate bonds in our sample

have publicly traded equity. While all registered firms are required to disclose material

information to the SEC, the disclosure requirements are much more stringent for firms

6Warga (1992), Crabbe and Turner (1995), and Fridson and Garman (1998).
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with publicly held equity. As a result, more information is available on public equity

firms, hence reducing the cost of adverse selection for market makers in those bonds

and increasing their liquidity. Fenn (2000) finds that private firms do pay a yield

premium over firms with public equity. We expect more information induced trading

for public than for private equity firms. Surprisingly, for the 57 FIPS-listed bonds,

AEF find the opposite result.

• Equity trading volume and return. Firm-specific news should affect trading in both

the equity and debt of a firm. For bonds of companies with publicly traded equity,

we investigate the correlation between stock activity and bond liquidity. Based on the

high-yield bond data from FIPS, Hotchkiss and Ronen (1999) do find support for the

hypothesis that bond and stock returns react jointly to common factors. In contrast,

Kwan (1996) finds that only past stock returns are correlated with current bond yield

changes.

• Equity market conditions. Financial market conditions influence bond trading as in-

vestors optimize and rebalance their portfolios in light of new information. The litera-

ture on the relationship between market volatility and liquidity is divided. While Gal-

lant, Rossi, and Tauchen (1992) observe a positive correlation between market volatility

and trading volume of NYSE-traded stocks, Chordia, Roll, and Subrahmanyam (2000)

and Engle and Lange (1997) find the opposite result.

• Changes in long-term interest rates. The price of fixed-income instruments is directly

affected by changes in interest rates. We expect to see more active trading when

interest-rate changes are larger. The interest-rate effect should be stronger for higher-

duration bonds as their price is more responsive to interest-rate changes.

• Embedded options. Some corporate bonds in our sample have attached call option

features which protect the issuer from adverse movements in interest rates. This im-

plied insurance is expected to reduce the interest-rate effect on bond prices, and hence

reduce price induced trading.

• Industry of the issuer. Trading activity may be different across industry groups due to

differences in industry transparency, regulation, or market outlook.

The data and results sections motivate the specific variables used to proxy for the

above issue and issuer characteristics and describe the data sources used to obtain them.
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3 Data

The dataset for this study is obtained from four databases: the National Association of

Insurance Commissioners Database (NAIC), the Fixed Investment Securities Database

(FISD), the Lehman Database, and CRSP. The former three databases contain bond related

data, while CRSP is used to extract the corresponding equity return and volume data as

well as marketwide stock and bond index returns.

The NAIC provides all bond trading volume information for this study. This data

has also been used by Schultz (2001), Chakravarty and Sarkar (1999), and Hong and Warga

(2000) to study corporate bond trading costs. The prior studies use data sold by Capital Ac-

cess, which obtains the majority of its data from NAIC, but also includes data obtained from

Morningstar and voluntary contributions by mutual and pension funds. At the beginning of

1995, the National Association of Insurance Commissioners began providing, in electronic

format7, transaction information on bonds traded by insurance companies. Insurance com-

panies are required to report all trades on Schedule D filings with the NAIC every quarter.

The NAIC database covers trades on 30,000 corporate, municipal, and government bond

issues in the period between January 1995 and December 1999. Our analysis concentrates

on US corporate bonds which reduces the number of issues covered to about 18,400 for the

same period. While the NAIC database includes only insurance company trades, it is still

the most comprehensive source of information to date on corporate bond trading, and covers

a significant portion of the market for corporate debt. Hong and Warga (2000) report that

insurance companies account for roughly 25% of the market for non-investment grade debt,

while their share of trading in the investment-grade debt market is around 40%. Further,

Schultz (2001) estimates that life insurance companies by themselves hold about 40% of all

corporate bonds.

The NAIC database provides information on the transaction date, the par value traded,

the type of order (buy or sell), and the dealer who executed the trade. The total par

value of corporate bonds traded reported in NAIC amounts to $2,334 trillion ($1,282 trillion

buy trades and $1,052 trillion sell trades) between January 1995 and December 1999; this

corresponds to 685,670 transactions (376,717 buy and 308,953 sell trades). We exclude

from our sample all transactions that are not date-stamped and do not specify the trader

through which the transaction is executed8. Such transactions represent 2.39% of the total

7This data was available before 1995, but not in an electronic format.
8Transactions that are not associated with any specific dealer are marked as ’various’. Such trades have

either been executed through several dealers, or the insurance company has reported on one date all trades
executed in the preceding quarter. We exclude such transactions, because they may overstate the turnover
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reported transactions (2.77% of buy and 1.92% of sell transactions) in the NAIC database. In

addition, all convertible, asset-backed, and letter-of-credit backed bonds are excluded. After

filtering, our sample contains 17,113 US corporate bonds that are either regular debentures,

medium-term notes, or zero coupon bonds.

We aggregate all buy and sell transactions in a given month to calculate the total

buy-, total sell- and combined par value traded for any given issue (we call those variables

Dollar Buy Volume, Dollar Sell Volume, and Dollar Volume9 (’Dollar’ is used here to reflect

that these par value quantities are reported in dollars, not to imply that these are the actual

dollar price of the trades)). We then standardize the total Dollar Volume by the amount

outstanding of the issue at the end of the month. The volume variable, our dependent

variable, thus represents the percentage of the amount outstanding traded per month:

volume =
$ par value traded

$ amount outstanding
=

Dollar Volume

Amount Outstanding
. (1)

The FISD database provides comprehensive bond-specific data including the amount

outstanding history, S&P rating history, industry classification, call features, issue and ma-

turity dates. We use the issue and maturity information to compute the age and remaining

time-to-maturity (both in years) of each issue in any month.

The Lehman database is a comprehensive set of bond prices for the past 25 years

maintained by Lehman Brothers for the purpose of constructing its widely used benchmark

bond indexes. This data is provided through the Fixed Income Research program at the

College of Business Administration of the University of Houston (see Warga (1998)). Further

details on this database are available in Hong and Warga (2000). We use all bond return

data available and match it to the combined dataset obtained from NAIC and FISD. We do

not exclude bond issues from the previously combined database if no return information is

provided in the Lehman database; rather, we analyze the effect of including this variable in

our sample on the resulting marginal effects of the remaining variables.

Finally, the CRSP database is used to extract stock information for bonds of firms with

traded equity. For each month and each bond, we match the corresponding monthly stock

return and stock volume information. We extract both contemporaneous and lagged stock

data, and include up to three lags to control for monthly autocorrelation in both returns

and volume. We do not exclude bonds from our sample if they do not have a traded stock.

in the month of reporting. Unlike the Capital Access data, we do not find a pattern or specific dates on
which most of these transactions are reported in NAIC.

9If a bond is traded by insurance companies in the period of January 1995 to December 1999 and it is
still outstanding in a given month in the sample, it is included in our sample even if it does not trade in that
month and we assign it a trading volume of zero for that month.
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Instead, we include a dummy indicating whether the company has traded equity to study

its effect on bond trading.

Table 1 summarizes the variables used by database source, as well as the number of

bond-month observations extracted from each. The maximum number of bond-month data

in our set comes from matching the NAIC data with the FISD data, resulting in a total of

719,190 bond-month observations on volume and bond characteristics10. Unfortunately, the

Lehman database is not as comprehensive and only covers the period of January 1995 to

May 199811. As a result we obtain only 235,881 bond-month observations with return data

available. Many of the bonds in our sample do not have publicly traded equity. 1,358 of the

4,151 companies in the sample, or 32.7%, have public equity included on CRSP, resulting in

166,639 stock-month data points. This number contrasts sharply with that of AEF where

91% of the 57 bonds traded on FIPS have publicly traded equity.

We further subdivide the sample into investment-grade and high-yield bonds. Table

2 illustrates the frequency distribution of monthly volume observations for both categories

of bonds. 79.4% of the bond-month observations on trading volume in the investment-grade

subsample and 84.1% of the observations in the high-yield bond subsample are zero. We

expect high-yield bonds to trade less frequently in our sample, since insurance companies

are not as active in this segment of the market. For bonds with publicly traded equity, the

proportions are smaller - 66.7% of investment-grade bond-month observations and 79.1% of

high-yield bond-month observations on volume are zero. In months when a bond trades, the

proportion traded that month is also relatively small - generally less than 5% of par value

outstanding. However, we find that the size of an average individual buy or sell transaction is

quite large, $2.88 and $2.81 million in par value12, respectively. CS find the mean transaction

size to be $4.4 million, while the median in Schultz is $1.5 million.

The last column of Table 2 shows the trading frequency for stocks. Unlike bonds,

stocks have a more even distribution of trading volume. There are only 18 observations

(out of a total of 166,639 stock-month observations) in which a stock did not trade for a

particular month. About 70% of stocks trade about 1-10% of their total shares outstanding

each month, and more than 95% of the stocks trade 1-50% of their shares outstanding per

month. The table illustrates that equities have a much more regular trading pattern than

bonds, 95% of which trade less than 5% of their amount outstanding each month.

10This includes observations of zero volume for months where bonds are outstanding based on the FISD
information.

11May 1998 is the last month for which Lehman Brothers made their data publicly available.
12The mean is taken across all actual transactions in the database, not across all bond-observations (some

of which reflect zero trading volume) and hence represents the mean across bonds that actually traded.
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Table 3 presents the total buy and sell dollar volumes (Dollar Buy Volume and Dollar

Sell Volume in millions of dollars) by insurance companies averaged for each calendar month.

Note that the most par value is traded in December ($21.4 billion total, $11.4 billion buy, and

$9.9 billion sell volumes) and the least is traded in August ($14 billion total, $7.3 billion buy,

and $6.7 billion sell volumes). The number of buy and sell trades by insurance companies,

also averaged across the five years for each calendar month in the sample, are lowest again

in August (2,640 buy and 2,232 sell trades on average per month) and increase towards the

end of the year (highest in December - 4,036 buy and 3,716 sell trades per month). This

result suggests that we may be observing tax-motivated trading at year end. However, the

monthly Dollar Sell Volume is lower than the monthly Dollar Buy Volume in the last two

quarters. Insurance companies are selling less bonds than they are buying in most months,

but the difference is not as large as in Schultz (2001) who finds that buy orders are twice as

common as sell orders. Schultz’s (2001) sample, however, includes some trades by mutual

and pension funds. We find that over the period 1995 to 1999, insurance companies have

bought on average $ 8,871 million and sold $ 8,195 million worth of par value outstanding

per month. This is consistent with the idea that insurance companies buy bonds and hold

some of them to call or expiration, contributing to our expectation that volume of trade

declines with bond age as bonds are absorbed into inactive portfolios.

Table 4 shows that insurance companies have been involved in more buying than

selling activity in all years but in 1999. Total Dollar Buy Volume is larger than Total Dollar

Sell Volume per year between 1995 and 1998. However, the proportion of sell to buy volume

has been rapidly increasing from 63% in 1995 to 185% in 1999. The same is true for the

proportion of sell to buy trades which increased from 74% in 1995 to 150% in 1999. Table 4

also shows that total dollar trading volume by insurance companies rapidly increased from

$ 152.3 billion in 1995 to $ 303.1 billion in 1998, but dropped back to $ 190.57 billion in

1999. Both the total dollar amount of bonds outstanding and the number of bond issues

outstanding traded by insurance companies increased throughout all years of the sample,

however, both quantities grew relatively little in 1999. While total amount outstanding in

our sample was growing by 22% to 30% per year between 1995 and 1998, it only grew by

8% in 1999. Similarly, while the number of corporate issues in our sample was growing at

25% in 1996, the growth in 1999 was only 1%. The rapid growth in new issues in the years

1995-1998 is also reflected in the reduction in the average age of our bond sample from 4.28

years to 3.95 years during the period, but the drop in net new issues growth in 1999 reversed

this trend to make the average age 4.51 years. The negative correlation between the average

age of our bond sample and total trading activity by insurance companies is consistent with
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our initial hypothesis that bond trading falls in the bond’s age.

The distribution of age and time-to-maturity of the bond-month observations in the

sample is presented in Table 5. Most bond-month observations in the sample tend to be of

relatively new issues, and there are progressively less bond-month data as the age category

becomes large. 19% of all bond-month points in the sample represent bonds that are less

than a year old, and 56% are bonds that are less than three-years old. In contrast, there

seems to be a significant number of bond-month observations across all time-to-maturity

categories.

Table 6 illustrates the distribution of bond-month observations across industry groups,

based on classification of bonds as industrial, financial, or utility by the FISD database.

About two-thirds of high-yield bond-month observations are for bonds issued by industrial

firms, 19% come from the financial sector and 15% from utilities. Investment-grade bond-

month data are more evenly distributed across industries - 34%, 42%, and 24% for bonds

issued by industrial, financial, and utility firms, respectively.

We split the sample into investment-grade and high-yield bond-month observations by

the bond’s S&P rating obtained from FISD (rating above BBB- are considered investment-

grade). Descriptive statistics of the bond and stock variables used in the study are presented

in Table 7. Insurance companies trade about twice as much investment-grade bonds as

high-yield bonds - on average 1.64% vs. 0.94% of amount outstanding traded per bond

per month, respectively. High-yield bonds traded by insurance companies tend to be newer

issues (3.51 years old on average) than investment-grade bonds (4.39 years on average). A

similar pattern is observed for the time-to-maturity characteristic - insurance companies

trade investment-grade bonds with an average time-to-maturity of 9.44 years and high-yield

bonds with an average time-to-maturity of 7.19 years. High-yield bonds traded by insurance

companies are more than twice as likely to be callable - 23% of investment-grade bond-month

observations are of callable bonds vs. 58% of high-yield bonds. As expected, high-yield bonds

have higher price volatility - the mean (standard deviation) of the absolute bond returns is

0.87% (1.57%) for investment-grade bonds and 1.11% (3.91%) for high-yield bonds). Also

the equity of high-yield bonds seems to trade more than that of investment-grade bonds.

The remaining characteristics do not differ considerably across the two samples.
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4 Model and Methodology

Unlike stocks, most corporate bonds trade infrequently and some become part of inactive

portfolios as they become more seasoned. 79.4% of bond-month observations on trading

volume are zero in our investment-grade sample and 84.1% are zero for the high-yield sample.

As a result, our dependent variable, bond trading volume, is severely censored and most

observations are clustered at zero.

OLS regressions produce biased parameter estimates when the dependent variable has

such a severely truncated distribution. The OLS regression coefficients are biased downward

since the censoring of the dependent variable above zero restricts the error terms and makes

the conditional expectation of the error term different from zero:

E[e|e < −Xβ] > 0. (2)

This violates the key identifying OLS assumption of independence between the OLS errors

and the explanatory variables.

To account for the distribution of trading volume, we use two limited-dependent-

variable models to consistently estimate the effect of each independent variable on bond

trading. Such models also deal with the problem of irregularly spaced trades in our sample.

4.1 Modeling the expected trading volume: a tobit approach

The tobit regression model is specifically designed for estimation where dependent variables

are observed only over some range. The literature on estimating the parameters of truncated

normal distributions is extensive. However, Tobin (58) is the first to discuss this problem

in a regression context. Details on the estimation and parameter interpretation of Tobit

coefficients are presented in the appendix. Here we present the basic structure of the model.

The tobit model is formalized as:

y∗it = βXit + εit εit ∼ N(0, σ2) (3)

yit = y∗it if y∗it > 0

yit = 0 if y∗it ≤ 0

where y∗it is a scalar representing the desired trade volume in bond i in month t, yit is a scalar

corresponding to the actual trade volume, Xit is an m × 1 vector of explanatory variables

specific to bond i at time t, β is a 1 × m vector of sensitivities of the latent variable, y∗it,

to the explanatory variables. Due to the large number of bond-month observations in our
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sample, it is reasonable to assume normality of the error terms, εit, necessary for the MLE

estimation of the model.

The desire to trade can be viewed as a latent variable, y∗, which is a linear function

of the explanatory variables. Whenever the desire to trade is positive, a bond trades, and

the actual trade size, y, is equal to the desired level of trade, y∗. If the desire to trade

is null or negative, the actual trade volume is zero. The distinction between observed and

latent trading is here only a model construct aimed at correcting the bias introduced by the

truncated distribution of the dependent variable. However, the distinction is important for

interpreting the regression coefficients. The estimated beta coefficients show the sensitivity of

the latent y∗, not the observed y (trading volume) to changes in the explanatory variables.

The effect on actual trading volume is a positive function of those coefficients but also

depends on the level of the explanatory variables. The hypothesis tests rely on the sign and

significance of each coefficient, not its magnitude. Details on the coefficient interpretation

are provided in the appendix.

Given the large number of observations, standard errors and p-values might not be

a good indication of the economic significance of each explanatory variable13. To assess

the latter, we estimate the marginal change in expected trading volume induced by a one-

standard-deviation change in each explanatory variable. This exercise involves calculating

the expected trading volume, E(y), at the average X values and then moving each Xijt

element of Xit individually by one-standard-deviation, holding the other variables constant.

This allows us to estimate the change in E(y) induced by one-standard-deviation change in

each variable, which gives us an indication of the economic significance of the corresponding

variable. The econometric details of this exercise are provided in the appendix.

4.2 Modeling the probability of trade: the logit approach

A second approach for understanding liquidity is to measure to effect of the explanatory

variables considered on a bond’s probability of trade. The logit regression model is well suited

for this purpose. Volume of trade, y, is discretized into a binary response which takes the

value of 1 if the bond trades in the particular month and 0 otherwise. Although information

is lost by discretizing a continuous variable, the logit model produces consistent estimates

of the coefficients of the explanatory variables and hence of the effect of the explanatory

variables on trading.

13We may also have a dependence problem, since we do not include fixed effects per bond. Given the large
number of observations, including fixed effects significantly reduces the degrees of freedom.
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The logit model estimates the probability of trade by using the latent variable frame-

work of the tobit model discussed in the previous section:

y∗it = βXit + εit εit ∼ N(0, σ2) (4)

yit = 1 if y∗it > 0 (the bond trades)

yit = 0 if y∗it ≤ 0 (the bond doesn’t trade)

A logit model provides unbiased estimates of the sensitivities to the explanatory variables

when the dependent variable has a truncated distribution.

Again, we evaluate the economic significance of each explanatory variable by measuring

the marginal change in E(y) with respect to a one-standard-deviation move in each variable.

We estimate this marginal effect at the average values of the explanatory variables. In

the logit case, ∆E(y) = ∆p as y can take the values of 0 or 1. Therefore, through this

exercise, we are measuring the impact of a one-standard-deviation move in each variable

on the probability that a bond trades. Further methodological details are provided in the

appendix.

5 Results

Due to the different number of observations available in each database (see Table 1), we

examine four sets of regressions:

Sample Independent Variables Database Source Inv.-Grade High-Yield

Bond-Month Bond-Month

Observations Observations

(1) all bond and NAIC, FISD, CRSP, Lehman 67,261 16,633

all stock variables

(2) all bond (except bond return) NAIC, FISD, CRSP 121,964 43,000

and all stock variables

(3) all bond variables NAIC, FISD, Lehman 186,416 49,465

(4) all bond variables NAIC, FISD 550,073 169,117

(except bond return)

The dependent variable in each is monthly bond volume as defined in eq.(1).

Sample (1) includes the most variables but results in the least observations, since only

bonds with information in all databases are included. The first and second regression samples

13



include stock variables, and therefore include only bonds with publicly traded equity. The

bond return data from the Lehman database is excluded from sample (2) as this variable

restricts considerably the available bond-month observations (the Lehman database has data

only up to 1998). The third and fourth regression samples include bonds of both public

and private companies; these regressions do not include stock variables but rather a dummy

indicating whether the issuing firm has traded equity or not. This allows us to assess whether

bonds of companies with publicly traded equity trade more than those with private equity.

Regression sample (4) is the most comprehensive in that it includes all the bonds from the

NAIC and FISD databases.

For each sample, regressions are run separately on the investment-grade and high-yield

bond subsamples. Our goal is to understand whether the explanatory variables affecting

trading in high-grade bonds have the same impact on the trading of high-yield bonds, and

also control for the fact that the activity of insurance companies in these two segments of

the market may be different.

All regressions are estimated with both the tobit and logit models. Our results, there-

fore, include 16 different regression models:

2 models(
tobit

logit

)
×

2 samples(
investment-grade

high-yield

)
×

4 regressions(
depending on

variables included

)

Tables 8 (for tobit) and 9 (for logit) summarize the results from all regressions. The

tables report the total number of observations and the number of zero observations on trading

volume in each sample. The proportion of zero observations allows us to assess the degree of

censoring of the dependent variable in each subsample. The last two rows of the tables give

the likelihood ratio test statistic against the intercept-only model as well as the corresponding

p-value. All models are significant at the > 99% level.

Tables 10 and 11 present the impact of a one-standard-deviation move in each ex-

planatory variable on the expected trading volume and probability of trade, respectively.

The last row in both tables presents the ’base-case’ expected value of the dependent variable

given the mean value of all explanatory variables. We can summarize the results as follows:

• Size of issue (amount outstanding): As expected, issue size has a significant positive

impact on trading volume. This is true for both models and all regressions. This

variable is not only highly significant, but the size coefficients are larger than for any

other variable, as shown in Tables 8 and 9. Further, Tables 10 and 11 reveal that

the marginal impact of a one-standard-deviation move in size is much larger than
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that of the other variables. For investment-grade bonds of companies with publicly

traded equity (regression (1)), a one-standard-deviation change in issue size increases

the probability that a bond trades by 19.8% (from 35.7% to 55.5%, Table 11) and

increases the expected trading volume from 1.78 % to 2.35% of amount outstanding

(Table 10). In general, size has a larger effect for investment-grade bonds than for

high-yield bonds.

Particularly for the tobit estimates, we notice that the coefficients are larger in the

combined samples of bonds of companies with publicly and privately traded equity

(regressions (5) to (8)) than they are in the samples of bonds with publicly traded

equity(regressions (1) to (4)). To test directly whether the trading of bonds with

privately held equity is more sensitive to issue size, we examine an alternative regression

specification, interacting the size variable with the traded equity dummy (Tables 22-

25). The coefficients showing the incremental effect of the size variable on bonds with

publicly traded equity changes signs and the economic impact is insignificant showing

that bonds of companies with public equity are not affected differently by issue size

than those with private equity.

• Age of bond (years since issuance): All bonds trade progressively less as they age,

consistent with the idea that they are absorbed into inactive portfolios. In line with

AEF, we find that age is very significant in explaining trading in corporate bonds.

Tables 8 and 9 show that, in all regressions, the age coefficients are highly significant

and negative. A one-standard-deviation change in the bond’s age decreases the proba-

bility of trade from 35.7% to 29.8% in the investment-grade bond sample of companies

with public equity (regression (1), Table 11) and from 13.8% to 9.7% in the high-yield

bond sample of firms with public and private equity (regression (8)). Age reduces the

expected volume by as much as 0.46% (from 1.72% - Table 10, regression (8)) for the

sample of high-yield bonds, while the effect in the investment-grade sample of bonds

with publicly traded equity is 0.408% (from 1.78% - Table 10, regression (1)). In terms

of economic impact, age is the second most significant variable in explaining bond

trading volume after issue size.

To assess whether age affects public company bonds differently than private company

ones, we interact the age variable with the traded equity dummy and find that the

impact of age is stronger for public company bonds (Tables 22-23). The incremental

economic impact of age on the trading of bonds of companies with publicly traded

equity is strong in all samples, but is larger for the investment-grade samples (Tables
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24-25).

• Bond returns (absolute value of bond returns): Return shocks have a significant neg-

ative impact on bond trading in all regressions and samples considered (except in

regression (2), Table 9, where the coefficient is negative, but insignificant). The eco-

nomic impact is about ten times stronger for investment-grade bonds (Table 10). Ta-

ble 11 confirms that bond returns have a larger impact on the trading probability of

investment-grade bonds (-1.9%) than that of high-yield bonds (-0.3%). Harris and Ra-

viv (1993), however, theorize that the opposite effect should hold as they argue bond

return volatility induces more speculative trading and the effect should be stronger for

high-yield bonds. Our results also contrast with AEF who find that return volatility

increases trading in their 55 FIPS-traded high-yield bonds.

To verify the effect of positive bond returns on trading, we run additional regressions

with ’bond returns’ rather than their absolute value, but do not find convincing results

that positive news increase trading (Tables 26-29). For the investment-grade samples,

contemporaneous returns decrease bond trading, while the results for the high-yield

samples are insignificant. The economic impact of bond returns on trading is very

small.

• Interest-rate shocks (absolute return of 10-year Treasuries): We interact the absolute

treasury return variable with a dummy indicating bonds with more than 6 years to

expiration to study whether longer maturity bonds react differently to 10-year treasury

returns. On average, large treasury returns have a negative contemporaneous effect

on bond trading. All logit coefficients and all but two investment-grade samples tobit

coefficients are negative. The coefficients are positive in samples (1) and (5), when

bond return is included in the regressors (Table 8).

Both Tables 8 and 9, however, show that the incremental impact on long-duration

bonds is positive and significant. Since all coefficients on the interacted variable are

larger in absolute value than the coefficients on absolute treasury returns, the net

effect of treasury returns on long-maturity bond trading is positive. The economic

impact of the interacted variable is also large. For example, for the investment-grade

public company bonds (Table 11, regression (1)), a one-standard-deviation increase in

treasury return decreases the trading probability of all bonds by 0.6%, but increases the

trading probability of long-duration bonds by 2.9%. Overall, therefore, longer-maturity

treasury returns decrease trading in short-maturity bonds (except for investment-grade

bonds restricted by the Lehman subsample), but increase trading in long-maturity
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bonds. For the 55 high-yield bonds traded on FIPS, AEF find that interest-rate shocks

increase bond trading. Their results are consistent with ours, because the average time-

to-maturity in their sample is 7.3 years, and, therefore, fall mostly in the long-duration

category.

• Equity market return shocks (abs(S&P500 return)): Equity market shocks significantly

decrease bond trading. All coefficients in Tables 8 and 9 are significant and of similar

magnitude for both investment-grade and high-yield bonds. A one-standard-deviation

shock in equity markets reduces the bond’s probability to trade by 3.1% (from 35.7%

in regression (1), Table 11) and reduces the expected trading volume by 0.19% (from

1.78% in regression (1), Table 10). This result is consistent with Chordia, Roll, and

Subrahmanyam (2000) and Engle and Lange (1997) who find that stock market volatil-

ity and equity trading are negatively correlated.

• Traded equity dummy (1 if the issuer has publicly traded equity reported on CRSP):

Consistent with our expectations, we find that bonds of companies with publicly traded

stock trade more than those with privately held equity. All coefficients are significant

for both the investment-grade and high-yield bond samples. The economic impact is

small but always positive. The probability of trade is higher by 0.9% and 1.8% (in

regressions (8) and (7), respectively, Table 11) for firms with public equity than it is

for those with private equity. These results contrast with those of AEF, who find that

bonds with privately held equity trade more than those with publicly traded equity

for the 55 bonds traded on FIPS. AEF’s results are, however, based on only 5 bonds

of firms with private equity and are, therefore, more sample specific.

• Trading activity and shocks in the firm’s equity : Movements in the firm’s own equity

do not seem to have a strong impact on bond trading . For investment-grade bonds,

the tobit results show a significant positive impact of stock price movements on bond

trading, but the logit results are sensitive to the sample. We expected to see a stronger

impact of stock returns on high-yield bond trading as high-yield debt behaves more

like the firm’s equity and can be viewed as a hybrid security between risk-free debt

and equity (Merton, 1973). However, we find that all coefficients in the high-yield

samples are insignificant. Moreover, Tables 10 and 11 show that the economic impact

of movements in the firm’s equity on bond trading is very small.

Tables 34-37 show that the results are similar when the squared stock returns are used

instead of their absolute value. We also run the regressions with the actual stock return

data, rather than their absolute value (Tables 38-41). The results show a significant
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positive correlation between stock returns and bond trading, but the economic impact

of changes in stock returns on bond trading is extremely small.

Contemporaneous equity trading volume, however, is significantly positively related

to bond trading for all bonds and regressions (Tables 8 and 9). This is consistent

findings by Hotchkiss and Ronen (1999) that both bonds and stocks react to firm-

specific information. The economic impact of changes in stock trading is not large

(between 1.2% and 1.6% in logit), but consistently positive in all samples (Tables 10

and 11). The size of the coefficients and the economic impact is almost the same for

investment-grade and high-yield bonds, despite our expectations that the correlation

would be stronger in the high-yield samples.

We include up to three lags of both stock trading volume and returns to control for

possible autocorrelation in those variables. In the high-yield samples, we find some

negative impact of stock return shocks at the second and third lag, and their economic

impact on trading probability is -1.3% and -1.4% (Table 11, regression (2)), at the

respective lag. All remaining coefficients of stock trading and returns are not significant

and switch signs, and the economic impact is very small.

• Credit risk (S&P rating): Tables 8 and 9 show that all coefficients in the high-yield bond

regressions are negative, indicating that higher credit risk14 reduces both the expected

trading volume and trading probability of high-yield bonds. Trading by insurance

companies in the lowest credit rating segment is limited. The economic impact is also

large as a one-standard-deviation increase in credit risk reduces the trading probability

of high-yield bonds from 13.8% to 7.8% (regression (8), Table 11).

On the other hand, Tables 8 and 10 illustrate that, except for one sample of firms with

publicly traded equity (sample (3)), higher credit risk increases the expected trading

volume of investment-grade bonds. Table 10, regression (5), shows that expected

trading increases from 1.64% to 1.945% given a one-standard-deviation increase in

credit risk. However, the effect on the probability of a bond to trade is less clear

(Tables 9 and 11). While in the samples of companies with public equity, lower-rated

investment-grade bonds have a smaller chance of trading than higher-rated investment-

grade bonds, when investment-grade bonds of both companies with public and private

equity are considered, the effect is reversed. The economic impact of credit risk changes

(Table 11) is, however, small relative to the effect of variables such as age and size of

the issue. The evidence suggests that high-yield and investment-grade, as well as bonds

14A lower S&P rating corresponds to a high point index in FISD and higher credit risk.
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of companies with public and private equity, are affected differently by credit risk.

• Interest-rate risk (time-to-maturity): Interest-rate risk has a different impact on investment-

grade and high-yield bonds. When time-to-maturity (TTM) is used to proxy for dura-

tion, an investment-grade bond’s probability of trade is negatively affected by duration

(Table 9) and the economic impact is relatively large (Table 11). For example, a public

company investment-grade bond’s trading probability falls from 35.7% to 32.6% when

TTM increases by one standard deviation (Table 11, regression (1)). The tobit re-

gression results (Table 8), however, are not as convincing as two of the coefficients are

insignificant and positive when the bond return is included in the regression (samples

(1) and (5)). The economic impact of changes in TTM is, however, smaller in those

samples (Table 10). The effect of TTM on high-yield bond trading is unclear. The

coefficients are either extremely small or insignificant and switch signs. The economic

impact on the trading probability is also smaller (Table11).

To further study the duration effect, we interact a ’callable bond’ dummy with TTM

to control for the fact that callability shortens duration. Tables 8 and 10 show that for

callable bonds, longer time-to-maturity decreases trading in investment-grade and in-

creases trading in high-yield bonds. The coefficients are all significant and the economic

impact is large, especially when the bond return variable is part of the explanatory vari-

ables. Tables 9 and 11 also show that for callable bonds, TTM increases the trading

probability of high-yield bonds and decreases the trading probability of investment-

grade bonds (except for investment-grade sample (2), where the coefficient is positive

and insignificant and the economic impact is smaller).

• Callable bond dummy (1 if the issue is callable): Embedded call options reduce bond

trading in all but two samples of investment-grade bonds where the bond return vari-

able is among the regressors (Tables 8 and 9, regressions (1) and (5)). Call options

modify a bond’s risk characteristics by reducing its duration, which may be causing

the fall in trading volume.

• Autocorrelation in liquidity (Lagged Bond Volume): As expected, we find significant

positive autocorrelation in trading activity. Both the tobit and logit coefficients are

highly significant in all samples of investment-grade and high-yield bonds (Tables 8 and

9). Tables 10 and 11, however, show that the economic impact of a standard-deviation

move in last month’s volume does not change much the expected trading volume or

probability of trading this month. The economic impact is small relative to variables

like size and age. A one-standard-deviation move in last month’s activity increases
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this month’s probability to trade by less than 1% in all samples (Table 11) and the

expected impact on trading volume is always less than 0.1% of amount outstanding

(Table 10).

• Industry of the issuer (’financial’, ’industrial’, or ’utilities’, as categorized by FISD):

The industry of the issuer does not have a strong effect on bond trading. High-yield

bonds of industrial and financial firms do trade less (Tables 8 and 9) than bonds of

utility firms, but the economic impact of changes in the industry of the issuer on

bond trading is small (Tables 10 and 11). Investment-grade bonds of financial and

industrial firms, however, trade more, with the exception of sample (7) in Tables 8

and 9. The results for investment-grade bonds is consistent with Table 6, which shows

that insurance companies trade relatively more investment-grade bonds in the financial

and industrial sector. The findings that insurance companies are less likely to trade

high-yield bonds of industrial firms is, however, surprising, because Table 6 reveals that

66% of high-yield bond trades by insurance companies have been in bonds of industrial

firms. Our regressions show that after controlling for other issuer- and issue-specific

features (the remaining explanatory variables), insurance companies are more likely to

pick high-yield bonds from the utility sector. However, the impact of the industry is

small and does not affect strongly insurance companies’ decision to trade a particular

bond.

6 Conclusion

The current paper attempts to provide representative results on determinants of corporate

bond trading and liquidity. The results are based on a dataset of insurance company trades

from January 1995 to December 1999. Our analysis involves more than 17,000 high-yield and

investment-grade bonds of 4,151 US private and public companies. Trading in the corporate

bond market has not been studied so far on such a large scale.

Our analysis shows that about 80% of bonds do not trade in a month, and when they

do trade, only about 5% of par value outstanding is traded. The size of an average buy

or sell transaction by insurance companies is still, however, about $2.8 million of par value

outstanding.

Using limited dependent variable regressions to account for the irregularly spaced data,

we find that insurance companies trade mostly larger and newer investment-grade bonds of

public firms. Interest-rate shocks increase trading in long-maturity bonds, while shocks in the
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equity markets reduce corporate bond trading. It is important to distinguish between high-

grade and high-yield bonds, as the two classes of bonds have opposite responses to interest-

rate and credit-risk. Trading in high-yield (investment-grade) bonds decreases (increases) in

the credit risk and duration of the issue. The industry of the issuer and embedded options

as well as shocks in the firm’s equity do not consistently affect bond trading beyond that

explained by the remaining variables.

The newly available insurance company trading data allows us to quantify relation-

ships between trading and bond characteristics that are representative of corporate bond

trading practices. Understanding liquidity in corporate bond markets is important to both

asset managers and policy makers. For passive funds, especially those mimicking indexes of

illiquid bonds, analysis of liquidity is essential for establishing a balance between tracking

accuracy and trading costs15. Active portfolio strategies involve substantially more trading

and demand liquidity for immediacy in executing informationally motivated trades. Finally,

policy makers are interested in liquidity to study market efficiency of current trading systems

and design new market trading mechanisms.

15Sinquefield (1991) shows that passive funds can experience significant performance shortfalls unless they
implement indexing techniques, aimed at optimizing tracking error and trading costs.
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Appendix

The tobit and logit models

Estimation and coefficient interpretation

A. Tobit

The tobit model is formulated as:

y∗it = βXit + εit εit ∼ N(0, σ2) (A1)

yit = y∗it if y∗it > 0

yit = 0 if y∗it ≤ 0

The parameters of the tobit model are estimated using maximum likelihood (MLE).

The MLE procedure produces consistent, efficient, and asymptotically normal estimates

given some distributional assumption on the data. Given the large number of observations,

we can assume normality of the error terms and the likelihood function for the tobit model

can be written as:

L(β|Xit) =
∏

yit=0

Φ

(
−Xitβ

σ

) ∏
yit>0

φ

(
yit −Xitβ

σ

)
(A2)

where Φ is the cumulative density function and φ is the probability density function of the

standard normal distribution.

The estimated Tobit coefficients do not have the same interpretation as in the usual

OLS regression. The coefficients represent sensitivities of the latent variable, desired trading

to the bond characteristics, i.e.

E(y∗it) = βXit and
∂E(y∗it)

∂xjt

= βj. (A3)

The sensitivities of the response variable, actual trading, can also be obtained, but

they depend on the level of the variables at the particular observation as well as on the

estimated coefficients:

E(yit) = P (yit > 0)E(yit|yit > 0) + P (yit = 0)E(yit|yit = 0) (A4)

= Φi

(
βXit + σ

φi

Φi

)
+ (1− Φi) 0 (A5)

= ΦiβXit + σφi (A6)
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where Φi = Φ(z) = Φ
(

Xitβ
σ

)
and therefore

∂E(y)

∂xj

= Φiβj (A7)

Note that the explanatory variables have a constant effect on the desired trading

(eq.(A3)), i.e. they do not depend on the particular observation. The effect of a change in an

explanatory variable on the observable actual trading depends on the particular observation

as well as on the remaining explanatory variables (eq.(A7)). The same change in the S&P

rating, for example, has a different impact on the actual trading of a newly issued bond

than it has on an older one. However, since Φi is positive, the direction of the impact is

the same for all bonds. Therefore, the tobit coefficients serve our purpose well as they give

us an indication of the sign of the effect of the explanatory variables on bond trading and

liquidity.

Given the large number of observations in our study, the standard errors and p-values

might not be a good representation of the economic significance of each factor. To assess the

latter, we estimate the marginal change in expected trading volume due to one-standard-

deviation change in each factor. This exercise involves calculating the expected trading

volume, E(y) (not E(y∗), the desire of trade) at the average X values, i.e.:

E(yit|Xit) = ΦiβXit + σφi (A8)

where Φi = Φ(z) = Φ
(

Xitβ
σ

)
=Standard Normal CDF of

(
Xitβ

σ

)
and φi = φi

(
Xitβ

σ

)
=Standard Normal PDF of

(
Xitβ

σ

)
.

We then move each Xijt element of Xit individually by one-standard-deviation and estimate:

E(yit|Xit + σ(Xijt)) = Φ′
iβ
(
Xit + σ(Xijt)

)
+ σφ′i (A9)

where Φ′
i = Φ′(z) = Φ′

(
(Xit+σ(Xijt))β

σ

)
=Standard Normal CDF of

(
(Xit+σ(Xijt))β

σ

)

and φ′i = φ′i

(
(Xit+σ(Xijt))β

σ

)
= Standard Normal PDF of

(
(Xit+σ(Xijt))β

σ

)
.

From eq.(A8) and eq.(A9) we can compute the change in E(y) for one-standard-

deviation change in each factor. The change in E(y) is then compared across each Xijt to

assess the relative economic significance of each individual factor, keeping the remaining

factors constant. Results from this exercise are presented in Table 10.
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A panel tobit can be used to introduce firm-specific trading, which is independent of

the explanatory variables. The panel tobit is formulated as:

y∗it = αi + βXit + εit εit ∼ N(0, σ2) (A10)

yit = y∗it if y∗it > 0

yit = 0 if y∗it ≤ 0

The difference between the above model and model (A1) is that each company is

allowed to have its own intercept, implying that the bonds of some companies may trade

more than those of others even when the explanatory variables are the same. It also implies

that there are some omitted firm-specific constant factors which make some bonds more

active than others.

The LRT test is used to assess whether firm specific-coefficients improve our the pa-

rameter estimation. The LRT test is based on the optimized likelihood values:

2(Lu − Lr) ∼ χ2
q (A11)

where Lu and Lr are the unrestricted (model (A10)) and restricted (model (A1)) likelihoods

respectively. The test statistic is distributed with a χ2 distribution with degrees of freedom

q equal to the number of restrictions (here, q = the number of firms in the sample). The

LRT test allows us to assess the significance of any omitted factors from our model.

B. Logit

The logit model is designed to estimate the effect of the explanatory variables on the trading

probability of a corporate bond. It provides unbiased estimates when the dependent vari-

able is severely truncated as in the case of corporate bond trading. Volume of trade, y, is

discretized into a binary response which takes the value of 1 if the bond trades and 0 other-

wise. Although information is lost when discretizing a continuous variable, the logit model

produces consistent estimates of the coefficients of the explanatory variables. The model is

summarized in the following:

y∗it = βXit + εit εit ∼ N(0, σ2) (B12)

yit = 1 if y∗it > 0 (the bond trades)

yit = 0 if y∗it ≤ 0 (the bond doesn’t trade)
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The logit model estimates the probability of the bond to trade by using the latent vari-

able framework of the tobit model discussed in the previous section. The logistic (assumed

by logit) and the normal distributions are very similar, the logistic having slightly fatter tails

than the normal. The logistic distribution is often used for computational efficiency as the

cumulative distribution has a closed form, unlike the normal distribution.

The parameters of the logit model are estimated using maximum likelihood. Since,

P (yit = 1) = P (y∗it > 0) = P (βXit + εit > 0) = P (εit > −βXit) (B13)

= 1− F (−βXit) = F (βXit) =
eβXit

1 + eβXit
(B14)

P (yit = 0) = 1− P (yit = 1) =
1

1 + eβXit
(B15)

the likelihood function of the logit model is:

L =
∏

yit=1

(
eβXit

1 + eβXit

) ∏
yit=0

(
1

1 + eβXit

)
(B16)

=
n∏

i=1

(
eβXit

1 + eβXit

)yit
(

1

1 + eβXit

)1−yit

(B17)

The coefficients of the logit model have a different interpretation than the ones from

linear regression models, i.e.

E(yit|Xit) 6= βXit. (B18)

Rather,

E(y∗it|Xit) = βXit (B19)

and y∗it is unobservable. Since, y can take the values of 0 and 1,

E(yit|Xit) = p =
eβXit

1 + eβXit
from (eq.(B14)) (B20)

and therefore:

∂p

∂Xit

=
β(1 + eβXit)eβXi − βeβXieβXit

(1 + eβXit)2
= βp(1− p) (B21)

∂p/p

∂Xit

= β(1− p) (B22)

The intuition behind eq.(B22) is that the logit coefficients, β, is proportional to the

percentage probability change of a bond trading due to a change in the explanatory variables.

As in the tobit model, the proportional change in the probability of trading triggered by a

change in the factors is not constant. It depends on current bond’s probability of not trading.

Since the probability of not trading is positive, however, the explanatory variables have the

same directional impact on each bond’s probability of trading. This fits well the purpose of

our study.
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Table 1
Bond and Stock Variables

By Database Source
The first two variables in each database are used for matching purposes. Stock return and volume data are
included up to three lags. Several bond issues may correspond to the same issuer and hence the same stock.
The last row presents the number of matched bond-month or stock-month observations extracted from each
database. Notation: NAIC: National Association of Insurance Commissioners, FISD: Fixed Investment
Securities Database, Lehman: Lehman Database.

Database NAIC FISD Lehman CRSP

Variables Bond Cusip Bond Cusip Bond Cusip Stock Cusip
Month Month Month Month
Trading volume Amount Bond return Stock return

outstanding Stock volume
S&P rating S&P500 Return
Industry code 10yr Gvt Bonds
Callable
Age
Time to maturity

Bond-Month Observations 719,190 719,190 235,881 166,639

Table 2
Trading Frequency of Bonds and Stocks in the Sample

The table presents the frequency distribution of monthly par value traded as a percentage of par amount
outstanding (the dependent variable in our model) for the complete NAIC/FISD sample and for the CRSP
subsample of bonds of companies with publicly traded equity. The last column gives the corresponding
trading frequencies for stocks in terms of monthly shares traded as a proportion of total shares outstanding.
The figures in the table represent the number of bond-month (or stock-month) observations in each category
as a proportion of the total number of bond-month (or stock-month) observations.

Sample Total NAIC/FISD Sample CRSP Subsample

Bins Inv.-Grade High-Yld Inv.-Grade High-Yld Stocks

No Trading 79.4% 84.1% 66.7% 79.1% 0.0%
(0-1]% of Par Value Traded 7.6% 7.0% 13.7% 10.4% 2.0%
(1-5]% of Par Value Traded 7.4% 5.7% 12.8% 7.6% 31.8%
(5-10]% of Par Value Traded 2.4% 1.5% 3.7% 1.7% 39.9%
(10-50]% of Par Value Traded 2.5% 1.4% 2.8% 1.1% 25.3%
50%+ of Par Value Traded 0.7% 0.3% 0.2% 0.0% 1.1%

Total 100% 100% 100% 100% 100%

Total Bond-Month Observations 550,073 169,117 122,750 43,889 166,639
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Table 3
Trading Activity Across Months of the Year

Total monthly trading volume and number of trades across calender months after filtering trades labeled as
’various’ and all bonds that are not US corporate debentures, medium term notes and zero coupon bonds.
The volume data is in $ million of total par value traded each month, while the trades data is in actual
number of transactions executed during that month. All numbers represent monthly averages for the five
years in the sample - 1995 to 1999. The last row provides the average monthly volume and trades for the
entire five-year sample period.

Total Monthly Trading Volume Total Transactions per Month

Month Volume Buy Volume Sell Volume Buy Trades Sell Trades
($ million) ($ million) ($ million)

January 16,884 9,090 7,794 3,117 2,914
February 15,552 7,747 7,805 2,740 2,734
March 18,473 8,533 9,940 3,182 3,501
April 15,405 7,841 7,564 2,709 2,784
May 16,212 8,013 8,199 2,714 3,149
June 19,289 9,693 9,596 3,122 3,281
July 15,413 8,312 7,100 2,879 2,655
August 14,038 7,314 6,724 2,640 2,232
September 16,651 8,505 8,146 2,934 2,661
October 17,194 9,923 7,272 3,549 2,519
November 18,320 10,068 8,253 3,405 2,834
December 21,358 11,415 9,943 4,036 3,716

Monthly Average 17,066 8,871 8,195 3,086 2,915
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Table 4
Trading Activity Across Years in the Sample

The table presents for each year the total trading in US corporate bonds by insurance companies, the total
number of bonds and total amount outstanding in each year’s sample and the average age of these bonds.
The growth in Total Amount Outstanding and Number of Bond Outstanding is calculated as the percentage
increase from the previous year figures from the row above.

Descriptive Statistic 1995 1996 1997 1998 1999

Total Dollar Volume (in $ billions) 152.30 180.72 197.26 303.10 190.57
Total Dollar Buy Volume (in $ billions) (a) 93.57 102.40 106.54 162.85 66.90
Total Dollar Sell Volume (in $ billions) (b) 58.73 78.32 90.71 140.25 123.67
Proportion of Sell to Buy Volume (= b/a) 63% 76% 85% 86% 185%

Total Number of Buy Trades (c) 31,400 34,707 36,364 55,288 27,369
Total Number of Sell Trades (d) 23,191 29,777 31,662 49,116 41,159
Proportion of Sell to Buy Trades (= d/c) 74% 86% 87% 89% 150%

Total Amount Outstanding ($ trillion) 1.07 1.30 1.64 2.13 2.29
Growth in amount outstanding from previous year 22% 26% 30% 8%

Total Number of Bonds Outstanding 8,908 11,140 13,210 15,501 15,720
Growth in number of bonds from previous year 25% 19% 17% 1%

Average Age of Bonds Outstanding (in years) 4.28 4.05 3.98 3.95 4.51
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Table 5
Age and Time-To-Maturity of Bonds in the Sample

Frequency distribution of age and time-to-maturity of the bonds in the sample. The Age variable represents
years since issuance and Time-to-Maturity represents years to expiration of the bond. The table presents the
number of bond-month observations in each Age and Time-to-Maturity category as well as the percentage
of total bond-month observations in each bin.

Age Time-To-Maturity

Bins Number of Percent Number of Percent
Observations of Total Observations of Total

0-1 Years 125,761 17% 46,495 6%
1-2 Years 130,662 18% 57,302 8%
2-3 Years 114,118 16% 61,211 9%
3-4 Years 92,045 13% 60,926 8%
4-5 Years 71,966 10% 63,030 9%
5-6 Years 52,319 7% 52,459 7%
6-7 Years 40,327 6% 54,800 8%
7-8 Years 21,824 3% 49,116 7%
8-9 Years 14,669 2% 51,384 7%
9-10 Years 11,403 2% 47,514 7%
10-20 Years 21,671 3% 85,884 12%
20+ Years 22,425 3% 89,069 12%

Total Observations 719,190 100% 719,190 100%

Table 6
Industry Classification of Bonds in the Sample

Frequency distribution of investment-grade and high-yield bonds across industry groups as classified by the
FISD database. The table gives the number of bond-month observations in each group and the corresponding
percentage representation of that group within the investment-grade and high-yield samples.

Sample Investment-Grade High-Yield

Industry Group Bond-Month Percent Bond-Month Percent
Observations of Total Observations of Total

Industrial Sector 184,909 34% 110,873 66%
Financial Sector 231,894 42% 32,664 19%
Utilities Sector 133,270 24% 25,580 15%

Total Bond-Month Observations 550,073 100% 169,117 100%
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Table 16
Trading Frequency of Bonds

Apprearing in both the NAIC and Lehman Databases
Frequency distribution of monthly bond trading volume as percentage of amount outstanding (the dependent
variable in our model). The figures in the table represent the bond-month observations as a proportion of
the total number of observations in the matched NAIC-Lehman sample.

Trading Frequency Investment-Grade High-Yield
Bonds Bonds

No Trading 0.677 0.754
(0-1]% of Par Value Traded 0.128 0.116
(1-5]% of Par Value Traded 0.126 0.093
(5-10]% of Par Value Traded 0.038 0.022
(10-50]% of Par Value Traded 0.029 0.015
50%+ of Par Value Traded 0.002 0.001

Total Observations 186,416 49,465

Table 17
Trading Activity Across Months of the Year

In the Sample Matched to the Lehman Database
Total monthly trading volume and number of trades across calender months. Only bonds appearing in both
the NAIC and Lehman databases are considered. The volume data is in $billions of par value traded and
while the trades data is in actual number of transactions executed during that month.

Variables $ Volume $ Buy Volume $ Sell Volume # Buy Trades # Sell Trades

January 11,111 6,116 4,996 2,117 1,828
February 9,703 4,858 4,845 1,761 1,634
March 11,560 5,672 5,888 2,125 2,066
April 9,751 5,154 4,597 1,794 1,666
May 10,107 5,031 5,075 1,762 1,936
June 7,881 4,237 3,644 1,313 1,227
July 6,505 3,570 2,935 1,254 1,117
August 6,270 3,789 2,481 1,346 851
September 7,070 3,963 3,107 1,343 1,022
October 7,333 4,345 2,988 1,563 1,018
November 6,629 4,181 2,447 1,444 933
December 9,595 5,627 3,968 1,982 1,477
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Table 18
Trading Activity Across Years

In the Sample Matched to the Lehman Database
Average trading activity and amount outstanding across years in the sample. Only bonds appearing in both
the NAIC and Lehman databases are considered. The Lehman database has no data for 1999. All numbers
are monthly averages across all months of the year and all bonds in the sample.

Variables 1995 1996 1997 1998 1999

Dollar Trading Volume ($ millions) 1.98 2.20 2.04 2.90 NA
Dollar Buy Volume ($ millions) 1.16 1.22 1.06 1.53 NA
Dollar Sell Volume ($ millions) 0.82 0.98 0.98 1.37 NA
Number of Buy Trades 0.41 0.43 0.38 0.52 NA
Number of Sell Trades 0.32 0.35 0.33 0.48 NA
Trading Volume per Amount Outstanding (%) 1.24 1.23 1.10 1.46 NA
Amount Outstanding ($ billions) 0.17 0.18 0.19 0.19 NA

Table 19
Age and Time-To-Maturity of Bonds

Appearing in both the NAIC and Lehman Databases
Frequency distribution of age and time-to-maturity of the bonds appearing in both the NAIC and Lehman
databases. The Age variable represents years since issuance and Time-to-Maturity represents years to expi-
ration of the bond. The table presents both the number of observations in each Age and Time-to-Maturity
category as well as the percentage of total observations in each bin.

Age/Time-To-Maturity Age Percent Time-to-Maturity Percent
Group Observations of Total Observations of Total

(0,1] Years 37,684 0.16 11,781 0.05
(1,2] Years 35,098 0.15 14,188 0.06
(2,3] Years 38,259 0.16 15,924 0.07
(3,4] Years 37,359 0.16 16,506 0.07
(4,5] Years 34,317 0.15 19,231 0.08
(5,6] Years 19,965 0.08 20,021 0.08
(6,7] Years 11,462 0.05 21,914 0.09
(7,8] Years 6,526 0.03 20,066 0.09
(8,9] Years 5,797 0.02 19,071 0.08
(9,10] Years 5,020 0.02 19,694 0.08
(10,20] Years 6,861 0.03 27,429 0.12
20+ Years 13,752 0.06 42,9360 0.18
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Table 20
Industry Classification of Bonds

Appearing both in the NAIC and Lehman Databases
Frequency distribution of investment-grade and high-yield bonds across industry groups. Only bonds appear-
ing in both datases are considered. The table gives the number of bond-month observations in each group
and the corresponding percentage representation of that group within the investment-grade and high-yield
samples.

Industy Group Investment-Grade Percent High-Yield Percent
Bonds of Total Bonds of Total

Industrial 68,533 0.37 36,815 0.74
Financial 59,133 0.32 4,941 0.10
Utilities 58,750 0.32 7,709 0.16
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