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INTRODUCTION 

Since its first appearance in 1979, Research in Finunce has been publishing 
papers that cover important and interesting issues in tinance and economics. 
The topics found in the series span a wide range; previous volumes have 
included papers on corporate financial management policy, asset pricing and 
investment management, corporate control and governance, bank regulations 
and management, and the analysis of financial derivatives and their applica- 
tions in risk management and in venture capital investment. These papers, 
among others, have made significant contributions to the literature. 

In this volume, Bajaj, Vijh and Westerfield present evidence showing that 
ownership structure affects a firm’s agency costs of cash flow, which, in turn, 
influences the market’s reaction to changes in the firm’s dividend policy. 
McNabb and Martin examine the relationship between managerial entrench- 
ment and the effectiveness of internal governance mechanisms and the firm 
performances. In their paper, Kang, Karim and Rutledge apply a relative excess 
value ratio approach to empirically examine the association between the CEO 
compensations and the firms’ performances. And Almisher, Buell and Kish, 
using accounting beta as a proxy for ex ante systematic risk of a firm, tind a 
strong positive relationship between the firm’s systematic risk and the subse- 
quent degree of underpricing of its IPO. 

Also in this volume, Kwan and Wilcox show the disparity between 
accounting and actual cost reductions in bank mergers, and point out the impor- 
tance of avoiding the accounting bias in reporting the cost reduction in bank 
mergers. Gunther and Siems empirically find that a desire to hedge balance 
sheet positions and having a strong capital position are the key motivations for 
banks’ involvement in derivatives activities. Shyu and Reichert examine the 
key financial and regulatory factors that determine the derivatives activities of 
both U.S. and foreign banks. In their paper, Yin, Wu and Chen explore the 
joint effects of the changes in capital regulation and deposit insurance system 
on banks’ returns and risks in Taiwan. 

Based upon the one-factor equilibrium term structure model of Cox-Ingersoll- 
Ross, Chen and Chaudhury examine the market values and dynamic interest 
rate risks of existing swap positions. Chang and Ho derive formula of duration 
for different bonds under the Heath-Jarrow-Morton model of term structure and 
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X INTRODUCTION 

compare the relative performances of dynamic and static immunization 
strategies. In their paper, Boyle, Byoun and Park use intraday transactions data 
to show that the S&P 500 index option market leads the cash index, and that 
the lead-lag relation has resulted in a significant bias of the implied volatility 
that confirms their theoretical conjecture. Finally, Bubna uses a moral hazard 
model to address issues in the formation of syndicates in venture capital industry 
and to present some useful policy implications. 

It is hoped that the contributions within this volume will be of significant 
interest and usefulness to its readers. And may Research in Finance continue 
to publish papers of the highest caliber, to the benefit of academics and prac- 
titioners alike. 

Andrew H. Chen 
Series Editor 



OWNERSHIP STRUCTURE, AGENCY 
COSTS AND DIVIDEND POLICY 

Mukesh Bajaj, Anand M. Vijh and 
Randolph W. Westerfield 

ABSTRACT 

We find that, ut Iow levels of insider ownership, the market’s reaction to 
dividend increases becomes less positive, und to dividend decreases 
becomes less negative, as insider ownership increases. The price reaction 
is larger when insiders control voting on shares they do not own and lower 
if a family owns a block. The results ure stronger for.firms with low values 
c>f Tobin’s Q. Several tests indicate that these cross-sectional results ure 
not a manifestation of the information content hypothesis. Instead, the ,find- 
ings support the hylpothesis that dividend increases reduce the agenry costs 
of free cash jlo~: and vice versa. 

1. INTRODUCTION 

On average the market responds positively to announcements of dividend 
increases and negatively to dividend decreases. The received literature has 
offered several explanations for the observed price reactions. These explana- 
tions, which are not necessarily mutually exclusive, include: the information 
content hypothesis, the transfer of wealth between bondholders and stock- 
holders, the agency costs of free cash flow and the dividend preference by 
certain clienteles.’ In this paper, we investigate the agency cost hypothesis 

Research in Finance, Volume 19, pages I-28. 
0 2002 Published by Elsevier Science Ltd. 
ISBN: O-7623-0965-2 



2 MUKESH BAJAJ, ANAND M. VIJH AND RANDOLPH W. WESTERFlELD 

by studying the cross-sectional relationship between the ownership structure 
and the market’s reaction to announcements of significant changes in dividends. 

We find that, at low values of insider ownership, the price reaction to 
dividend increases becomes less positive, and to dividend decreases becomes 
less negative, as insider ownership increases. We also find that the price reac- 
tion is larger if insiders control votes of shares they do not own and it is smaller 
if a family owns a significant block of stock. While institutional ownership is 
negatively related to the price reaction, the relationship becomes insignificant 
once we control for the firm size. We also find that the relationship between 
the ownership structure and the market’s reaction to dividend changes is stronger 
for firms with low values of Tobin’s Q ratio. Several tests confirm that these 
results are not explained by the information content hypothesis through inter- 
actions of ownership structure and the informativeness of dividend changes. 
Instead, the findings are consistent with Jensen’s (1986) hypothesis that the 
market’s reaction to dividend changes are explained, in part, by the reduction 
in agency costs of free cash flow upon dividend increases and vice versa. 

The Free Cash Flow/Agency Cost Hypothesis 

In their seminal work, Jensen and Meckling (1976) pointed out that agency 
costs can arise when firms rely on “outside” equity ownership. One manifes- 
tation of agency costs is that managers with control (but no ownership) of free 
cash flow over-invest internally-generated funds; especially if the firm does not 
have enough positive net present value investment opportunities (Jensen, 1986).2 

It is well known that since managers are reluctant to cut dividends (Lintner, 
1956), dividends may absorb free cash flow and reduce agency costs. Rozeff 
(1982) suggested that the payment of a dividend by firms with outside equity 
could reduce agency costs by increasing firms’ reliance on external financing 
and, therefore, subjecting them to the increased scrutiny of capital markets.“,4 
Following Rozeff (1982) and Jensen (1986), it stands to reason that higher 
managerial equity holdings or more effective monitoring of management by 
stock holders will reduce agency costs. According to this free cash flow/agency 
cost hypothesis, the excess returns to a dividend change will be negatively 
related to the amount of inside ownership and positively related to any attribute 
of ownership which increases monitoring of firms’ use of free cash flow. 

Increased insiders ownership, can also serve to entrench managers, however, 
and thus increase agency costs, as shown by Stulz (1988) and Merck, Shleifer 
and Vishny (1988). In the range of insider ownership where the increased 
entrenchment effect is dominant, the excess returns of a dividend change need 
not be negatively related to the amount of inside ownership. The equilibrium 



amount of agency costs will depend upon the point at which the entrenchment 
effect becomes dominant. In other words, the agency costs will depend on the 
incentives of managers to misappropriate resources as well as their ability to 
do ~0.~ 

Interactions Between Ownership Structure and Information Content of 
Dividend Changes 

The empirical relationship between insider ownership and the market’s reac- 
tion to dividend changes could also be due to interactions between the ownership 
structure of a firm and informativeness of its dividend policy. There are three 
distinct possibilities. 

First, Bajaj and Vijh (1990, 1995) show that dividend policy of smaller firms 
is more informative, perhaps because information production on these firms is 
concentrated around earnings and dividend announcement periods. The received 
literature also shows that insiders own a larger percentage of equity in smaIler 
firms. The resulting interaction will result in a larger price reaction to a 
dividend change for firms with larger insider ownership (which are, on average, 
smaller). This effect is opposite of the relationship predicted by the agency 
costs hypothesis. 

Second, if managers with large ownership are less likely to use dividend 
decisions as signals of future earnings, we would observe a negative relation- 
ship between the market’s reaction to dividend changes and insider ownership 
independent of the agency-costs-based reasoning outlined above.(’ 

Third, it is also possible that inside ownership and dividend changes could 
act as a joint signal of firm value. Insider ownership could serve as a perfor- 
mance bond against false signaling as suggested by Born (1988). The 
implications of this reasoning are the opposite of the predictions of the agency 
costs hypothesis. 

To examine these possibilities, we perform several additional tests. First. we 
examine the market’s reaction to earnings announcements, in a manner analo- 
gous to our analysis of dividend announcements. We find that, since firms with 
higher insider ownership tend to be larger firms which have smaller surprises 
in earnings announcements, the magnitude of the market’s reaction to earnings 
surprises is smaller for firms with higher insider ownership. These results are 
in the opposite direction to the findings around dividend announcements. They 
suggest that our results on dividend announcements are indeed due to the agency 
costs hypothesis. Second, we also examine the actual change in earnings 
announced subsequent to the dividend announcement. If the smaller market 
reaction to dividend changes as insider ownership increases were due to less 
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information in dividend changes for these firms, we should find corroborating 
evidence in the subsequent earnings changes. In fact, we do not find such 
evidence. 

Finally, we examine the hypothesis that dividend changes are less informa- 
tive for firms with higher insider ownership because managers of such firms 
do not use dividends to signal future earnings. We look at the number of quar- 
ters since the last change in regular dividends had been announced by firms in 
our sample. We find that there is in fact a negative relationship between the 
number of quarters since dividends were changed (prior to the current dividend 
change) and the insider ownership. This suggests that the dividend policy of 
firms with higher insider ownership, in our sample, is less stable. Therefore, 
we feel that our results are not driven by a declining importance of dividends 
as a signal of firm value as insider ownership increases. 

The rest of the paper proceeds as follows. Section 2 describes data and 
methodology. This section also motivates the various attributes of ownership 
structure used in our study and provides summary statistics for our sample. 
Section 3 describes the main results of our paper. Section 4 examines whether 
interactions between the ownership structure and information content of 
dividend changes can explain our results. Section 5 further explores the rela- 
tionship between ownership structure, dividend policy, growth opportunities and 
free cash-flow implications of dividend changes. Section 6 concludes. 

2. SAMPLE SELECTION AND METHODOLOGY 

Sample Selection 

We obtained information on dividend declarations and daily returns from the 
daily master file of the Center for Research on Security Prices (CRSP). After 
identifying all announcements of changes in regular and quarterly dividends by 
all dividend-paying firms listed on the New York Stock Exchange (NYSE), 
American Stock Exchange (AMEX) and Over-The-Counter (OTC) markets, we 
applied the following selection criteria: 

(1) We excluded dividend announcements by utilities and financial firms 
because their regulatory and accounting practices differ sufficiently from 
other firms to make pooling undesirable.’ 

(2) Following Lang and Litzenberger (1989) we included only substantial 
changes in dividends ~ those that were at least 10%. This enables us to 
focus on a manageable sample size for the purpose of collecting the owner- 
ship structure data. Also, agency costs are more likely to be an important 
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determinant of the market’s reaction to dividend changes when the change 
is substantial.x 

(3) We selected announcements during the 1979-1987 period. We choose 1979 
as the starting point because Value Line did not report institutional owner- 
ship data prior to 1979.’ 

(4) We chose only those dividend announcements for which the ex-dividend date 
followed the dividend announcement date by at least four trading days. This 
criteria is necessary because we use firm size and anticipated yield as addi- 
tional independent variables in some of our regressions. Karpoff and Walkling 
(1988, 1990) show that the excess returns around ex-dividend days are 
correlated with firm size and dividend yield because of tax-motivated trading. 
This criterion removes the confounding influence of ex-day price effects. 

(5) To reduce noise in measuring the market’s reaction to dividend announce- 
ments, we verified all dividend change announcement dates from the W&l 
Street Journal Index and eliminated those cases where we found another 
simuItaneous announcement over a three-day period surrounding the 
dividend announcement. 

The above selection criteria resulted in 1,222 announcements of changes in divi- 
dends for which data on all variables were available. The sample cases were 
spread over 53 different 2-digit SIC codes over the nine-year period. The 
maximum number of announcements (202) took place in 1979. The two lowest 
numbers of announcements were in 1986 and 1987 (108 and 77). There were 
fairly even number of announcements in between. Overall, there were X2 cases 
of dividend decrease and 1,140 dividend increase announcements. Table 1 shows 
that the mean (median) increase was 20.5 (l&O)%, while the mean (median) 
decrease was 47.2 (SO)%. 

The market’s reaction to the dividend announcement was measured by three- 
day excess return centered on the dividend change announcement day. The 
excess return measure was calculated using the mean-adjusted model as 
explained in Brown and Warner (1985). We subtracted from the stock return 
the average daily return calculated over a 250-day period ending IO trading 
days before the announcement. The !-statistics were calculated by using the 
cross-sectional distribution of event period excess returns. The mean (median) 
excess return for X2 dividend decreases in our sample was -4. I3 (-3.96%). The 
average excess return is signiticant at the 1% level, indicated by the r-statistic 
of 6.70. For 1,140 dividend increases in our sample, the mean (median) excess 
return is 0.54 (0.24%). The average excess return is statistically significant at 
the 1% level, indicated by the t-statistic of 4.90. These results are consistent 
with the received evidence.“’ 
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Table 1. Summary Statistics on the Percentage Change in Dividend, Anticipated 
Yield and Market Value for the Dividend Change Sample from 1979 to 1987. 

The sample consists of 1,222 dividend change announcements that satisfy the following criteria: 
(1) The firm is included in the 1987 edition of Value Line Data Base II as well as in the 1990 
edition of CRSP. (2) The firm is not classified as a utility or a financial company. (3) The 
dividend under consideration is regular, quarterly, and paid in cash. (4) The dividend represents a 
change of at least 10% from the last quarter’s dividend. (5) The announcement date precedes the 
ex-dividend date by at least four trading days. (6) There are no other announcements in the Wall 
Street Jownaf over a three-day period centered on the dividend announcement date. (7) Ownership 
structure data are available from the Value Line Invesmtenr Survey immediately preceding the 
dividend change announcement. The find sample includes 1,140 dividend increase and 82 divi- 
dend decrease announcements. Dividend change (DIVCHG) represents the percentage change in 
last quarter’s dividend per share, after adjusting for any stock distributions. Anticipated yield is 
calculated by historic yield, adjusted for changes in market prices, as suggested by Blume ( 1980). 
Anticipated yield is expressed as a percentage. Market Value is calculated by multiplying the 
number of common stocks outstanding at the end of the preceding quarter with the average weekly 
stock price during the quarter. Market Value is in miIlions of dollars. The summary statistics 
for anticipated yield and market value are presented for 1,222 cases for which data on all non- 
ownership control variables arc available. 

category 

Increase 
Decrease 

Sample 
SiL!e 

I.140 
82 

Panel A: Dividend Change Statistics 

25th 
Mean Min. Percentile Median 

20.5 10.0 12.5 16.0 
47.2 15.5 37.5 50.0 

75th 
Percentile Max. 

21.0 233.33 
50.0 80.0 

Category 

All 

Sample 
Size 

1.222 

Panel B: Anticipated Yield 

25ih 
Mean Min. Percentile Median 

3.5 0.3 2.0 3.2 

75th 
Percentile Max. 

4.8 IO.1 

Panel C: Market Value 

Category 
Sample 

Size Mean Min. 
25th 

Percentile Median 
75th 

Percentile Max 

All 1,222 821.S 12.0 149.0 323.5 790.0 2 1,682.O 

Below, we explain some of the cross-sectional variation in the excess returns 
by attributes of the ownership structure. In light of the received work, we also 
examine other non-ownership control variables to check that our results are not 
due to omitted variables reflecting different causalities. In particular, we will 
examine the influence of the anticipated dividend yield and firm size since both 
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of these are shown to be correlated with ownership structure and affect the 
market’s reaction to dividend changes as Sajaj and Vijh (1990) show. We will 
also partition the data based on Tobin’s Q ratio in Section 5. Our procedure to 
calculate Tobin’s Q and the summary statistics of the measure for our sample 
are presented in Section 5. 

Our measure of anticipated yield is based on Blume (1980). In order to adjust 
for intertemporal patterns in market-wide yields, we rank anticipated yields for 
all dividend-paying firms in the CRSP universe into 100 groups by the caIendar 
quarter. We use the percentile rankings of the sample firms in the regression 
analysis in a manner analogous to Bajaj and Vijh (1990). Firm size is calculated 
by multiplying the number of shares outstanding at the end of the last quarter of 
the year immediately preceding the dividend change announcement with the 
average weekly stock price during the quarter. Regression analysis uses log of 
the market value of the firm in millions of dollars. Table 1 shows that the mean 
(median) value of anticipated yield for our sample is 3.5 (3.2%). Table 1 also 
shows that the mean (median) market value for our sample firm is $822 mil ($324 
mil). The smallest firm has market capitalization of equity of $12 million, while 
the largest firm in the sample has market value of $21.7 billion. 

Measurement of Ownership Structure 

We characterize ownership structure of a company along several dimensions 
relevant for management incentives and control. These include the fraction of 
common equity insiders own or control, institutional ownership and ownership 
of significant block holders. We divide block holders into three categories; 
namely, block ownership by a family, a corporation, and a miscellaneous 
category. 

We obtained the ownership structure data from the Vdue Line investment 
Survey report immediately preceding the dividend announcement.” Value Line 
acquires this information from annual proxy statements, public disclosures, and 
Forms 3 and 4 tiled with the Securities and Exchange Commission (SEC) on 
insider trading. For the purpose of measuring insider holdings, Value Line 
defines corporate officers and members of the board of directors as insiders.” 

Often, insiders exercise voting rights over blocks of stock that they do not 
own. For example, when a trust nwns a block and one of its trustees is an insider, 
then insider ownership may differ from voting control. The distinction between 
managers’ ownership of common stock and their control over voting rights is 
relevant to the objectives of this paper. Jensen and Meckling (1976) have argued 
that the fraction of equity owned by managers directly determine the managers’ 
share of the cost of perquisite consumption. Managers’ susceptibility to the 
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disciplining influence of the market for corporate control (see Merck, Schleifer 
gL Vishny, 1988) is more likely to be determined, however, by their control over 
voting rights. 

Value Line makes a distinction between insiders’ voting control and their 
ownership. Whenever, the voting control differs from ownership, Value Line 
provides data on insider control. Separate data on insider ownership is usually 
not available in such cases, however. We identify all instances when insider 
ownership differs from control by a dummy variable, ICTRL, which takes a 
value of 1. When no such divergence is indicated, ICTRL is set to 0.13 

As Table 2 describes, there are 360 instances when managers control a larger 
percentage of shares than they own (i.e. ICTRL = 1) in our sample of 1,222 
dividend change announcements during 1979-87 period. The average insider 
ownership/control for the entire sample is 14.4% and the median value is 8%. 
The range is from 0 to 80%. For the 862 instances in which ICTRL = 0, the 
average insider ownership is 11.2% and the median value is 5%. The range of 
insider ownership/control is from 0 to 80%. These values are comparable to 
the summary statistics reported by McConnell and Servaes (1990), who also 
used Value Line ownership data (to study the relationship between Tobin’s Q 
ratio and ownership structure). 

We also obtain institutional ownership data from Value Line. Pound’s (1988) 
“efficient-monitoring” hypothesis suggests that institutional holdings could 
reduce agency costs due to improved monitoring. Pound also suggests that, in 
some instances, large institutional holdings can exacerbate agency costs if 
institutions seek profitable business relationship from the management or other- 
wise enter into a “strategic alignment” against other shareholders’ interests. 
McConnell and Servaes (1990) find that increased institutional ownership is 
value-enhancing, as shown by a positive correlation between Tobin’s Q ratio 
and institutional ownership. Other research, in the context of corporate control 
events, provides conflicting evidence on whether or not increased institutional 
ownership reduces agency costs.14 

For our sample, the mean (median) institutional ownership is 34.9 (36.2%). 
The range is from 0 to 97.6%. This compares with the average institutional 
ownership of 37.6% for the 1986 sample of 1,093 Value Line firms in 
McConnell and Servaes (1990). 

Value Line also indicates ownership of significant blocks of stock. All share- 
holders who own more than 5% of the stock are considered block holders. 
Besides such stockholders, sometimes, Value Line also mentions smaller block 
holdings.” The incentive/control effects of block holders are potentially impor- 
tant, Shleifer and Vishny (1986) indicate that block holders can provide efficient 
monitoring of managers and, therefore, can reduce agency costs. Mikkelson and 
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Table 2. Summary Statistics on Ownership Structure for the Dividend 
Change Sample from 1979 to 1987. 

The sample consists of 1.222 dividend change announcements that satisfy the following criteria: 
(I) The firm is included in the lY87 edition of Value Line Data Base II as well as in the 1990 
edition of CRSP. (2) The firm is not classified as a utility or a financial company. (3) The 
dividend under consideration is regular, quarterly, and paid in cash. (4) The dividend represents a 
change of at least 10% from the last quarter’s dividend. (S) The announcement date precedes the 
cx-dividend date by at least four trading days. (6) There are no other announcements in the Wull 
Sr~er J~xunal over a three-day period centered on the dividend announcement date. (7) Ownership 
structure data are available from the Value Line Investmrnr SW-WJ immediately preceding the divi- 
dend change announcement. The tinal sample includes 1,140 dividend increase and 82 dividend 
decrease announcements. Insider ownership/control is denoted by ALPHA. ICTRL is an indicator 
variable that takes the value of 1 if insiders exercise voting control over a larger percent of equity 
than their ownership. INST represents the percentage ownership by institutions. BLOCK represents 
total ownership by all outside blockholders and IBLOCK is an indicator variable which takes the 
value of 1 if an outside block holder exists. The blockholders are further sub-classified as another 
corporation. a family (trust) or miscellaneous. The corresponding indicator variables to identify 
non-zero ownership in the three block holder caregories are denoted by ICOMP, IFAMILY and 

Categ0ty 

ALPHA 
INST 

ALPHA 

BLOCK 

COMP 

FAMILY 

MIX 

Sample Sample 2sth 
Siar Mean Min. Percentile Median 

POMP/ A: Enlire .Smzp/r 

I .222 14.4 0 2.0 8.0 
I.222 34.9 0 LO.3 36.2 

Punrl 3: Sub-sampIe jhr which ICTRL = U 

862 Il.2 0 1.0 5.0 

Punal i-: Srth-sumple fbr which IBLOCK = I 

330 26.2 3.0 10.0 22.0 

Panel D: Sub-sample ,fi~r which ICOMP = I 

166 19.8 3.0 7.9 14.3 

Pmd E: Sub-sumpIe ,fir u’hic,h IF.4MII.Y = I 

129 32. I 3.0 15.0 30.0 

Punrl F: Sub-sample for whic.h IMISC=I 

46 26.2 6.U 16.0 24.5 

IMISC, respectively. 

75th 
Percentile 

21.0 
4X.8 

17.0 

39.0 

26.0 

47.0 

33.0 

Max. 

X0.0 
97.6 

X0.D 

79.0 

79.0 

77.0 

57.0 
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Ruback (1985) and Holderness and Sheehan (1985), show, however, that even 
though there are positive share price reactions upon announcements of acqui- 
sition of large equity positions, such price reactions are transitory if not followed 
by a corporate control contest. Holderness and Sheehan (1988) do not find 
evidence of superior profitability when a single shareholder owns a majority of 
the common stock. Similarly, McConnell and Servaes (1990) find no significant 
increase in Tobin’s Q ratio with block ownership. 

We feel that additional insight can be gained on the incentive consequences 
of block ownership if the data were disaggregated by the type of block owner- 
ship. We classify block holders into three categories; namely, a family, a 
corporation and a miscellaneous category. It seems reasonable to conjecture that 
block holding by a family can affect the market’s reaction to dividend changes 
in a manner consistent with the “efficient-monitoring” hypothesis. However, 
when a corporation is a block holder, the prediction is ambiguous because of 
two offsetting influences. First, the efficient monitoring hypothesis would 
suggest that the price reaction to a dividend change should be lower in such 
cases. Second, due to the provisions of the U.S. tax laws, intercorporate divi- 
dend payments are tax advantaged. If the marginal valuation of (unanticipated) 
dividends were higher in companies with significant corporate holdings, the 
price reaction to dividend changes would be higher for such firms. The two 
effects could offset each other in our data of dividend announcements. It is also 
possible that outside corporate block holders are not effective monitors of 
insiders. 

In our sample, mere are 330 instances of significant block ownership. The 
average block holding is 26.2%, and the median is 22.0%. Upon disaggregating 
the block ownership data, we found 166 instances in which a corporation owned 
a significant block. The mean (median) corporate block holding was 19.8 
(14.3%). There were 129 instances in which a family owned a significant block. 
The mean (median) value of the family block was 32.1 (30.0%). There were 
46 cases of miscellaneous block holdings for which the mean (median) was 
26.2 (24.5%). There were several instances in which more than one type of 
block holders were present. 

3. EMPIRICAL RESULTS 

Since our sample has a relatively small number of dividend decrease announce- 
ments and the predictions of the relevant theories apply to both increases and 
decreases (with signs reversed, of course), first, we pooled the dividend increase 
cases with the dividend decrease cases in the regression analysis of the market’s 
reaction to dividend changes (CAR). As Table 1 shows, however, dividend 



decreases tend to be less frequent but much larger in magnitude than 
dividend increases. When measured relative to a firm’s cash flows, this 
difference is magnified much more because dividend cuts are often made by 
firms in considerable financial distress. We later examine the results for 
separate sub samples. For dividend cuts, we multiplied CAR and the percentage 
change in dividend by -1 in order to pool the data. We denoted insider owner- 
ship by ALPHA. Several other attributes of ownership structure are included as 
independent variables. fIVST denotes the percentage of equity owned by 
institutional investors. We also identified those cases in which Value Line 
indicates that insiders control a larger percentage of equity than they own. 
Because Value Line usually does not separately identify ownership and control 
in such cases, we used an indicator variable ICTRL which takes a value of 1 
to indicate that insider control is larger than insider ownership. 

There are 330 cases of block ownership in our data. Most block holders 
belong to two broad categories - an outside company in 166 cases and a family 
or a trust in 129 cases. There were a few incidences of employee stock owner- 
ship plans and the rest were hard to classify into well-defined categories. Wc 
categorized 46 such cases as miscellaneous. We identified these categories by 
assigning a value of 1 to the indicator variables ZCOMP, ZFAMZLY or IMZSC.‘” 
Whenever there were two or more categories of block holders for the same 
company, we assigned 1s to all relevant indicator variables. 

The first regression in Table 3 shows that several of the ownership structure 
attributes significantly explain the cross-sectional variation in the market’s reac- 
tion to dividend changes. The insider ownership measure ALPHA, is negatively 
related to the three-day excess returns, CAR. The regression shows that for 1% 
increase in insider ownership, the market’s reaction to a dividend change is 
lower by 0.018%. The coefficient estimate is significant at the 5% level 
(r-statistic is -2.22). Furthermore, the regression shows that when managers 
control shares of stock they do not own, the market’s reaction to dividend 
changes is higher by O.Sl%, on average. The coefficient of ICTRL is signifi- 
cant at the 10% level in a two-tail test (t-statistic equals 1.95). The results also 
show that for 1% increase in institutional ownership, the market’s reaction to 
dividend changes decreases by 0.016%. The coefficient of INSI‘ is significant 
at the 5% level, as indicated by the t-statistic of -2.43. 

In order to investigate the effect of block holders, we first ran a version of 
regression (1) in which we assigned an indicator variable, ZBLUCK a value 
of 1 if there were a block holder, and zero otherwise. The results (not reported) 
showed that IBLOCK was insignificant. I7 Regression (I) in Table 3 shows 
evidence with block ownership split into three separate categories described 
above. 
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Tabie 3. Regression of Announcement-period Returns on Ownership 
Variables for 1,222 Dividend Changes from 1979 to 1987. 

The sample consists of 1,222 dividend change announcements that satisfy the selection criteria 
listed in Table 1. The announcement-period excess returns are calculated for a three-day period 
centered on the CRSP announcement date by using the mean-adjusted returns model. The mean 
return is calculated over a 250&y period ending 10 days before the announcement date. lnsider 
ownership/control is denoted by ALPHA. ICTRL is an indicator variable that takes the value of 1 
if insiders exercise voting control over a larger percent of equity than their ownership. INST repre- 
sents the percentage ownership by institutions. BLOCK represents total ownership by all outside 
blockholders and IBLOCK is an indicator variable which takes the value of 1 if an outside block 
holder exists. The blockholders are further sub-classified as another corporation, a family (trust) 
or miscellaneous. The corresponding indicator variables to identify non-zero ownership in the three 
block holder categories are denoted by KXMI’, FAMILY and IMISC, respectively. To run 
piecewise-linear regressions, we define ALPHA 0.0 to 5 and ALPHA 0.5 to 15, etc., as follows: 

ALPHA 0 to 5 = ALPHA if ALPHA < 5 
~5 i fALPHA> 

ALPHA 5 to 100 =DifALPHA<5 
= ALPHA - 5 if ALPHA > 5 

Variable (1) (2) 

Sample Size 
INTERCEPT 

ALPHA 

ALPHA 0.0 to 5 

ALPHA 0.5 to 100 

ICTRL 

ICOMP 

IFAMILY 

IMISC 

Adjusted-R’ 
F-statistic 

1222 
I.467 

(4.38)*** 
-0.018 

(-2.22)** 

0.511 
(1.95)* 
a.016 

(-2.43)** 
0.305 

(0.91) 
a.790 

(-2.01)** 
0.395 

(0.66) 

-0.285 
(-3.49)*** 
-0.004 

(4.45) 
0.670 

(2.53)** 
a.017 

(-2.56)*** 
0.2R3 

(0.85) 
-1.486 

(-3.34)*** 
0.058 

(0.10) 

0.0083 0.0162 
2.70** 3.87*** 

1222 

2.360 
(5.48)*** 

***, ** and * denote significance at the 1, 5 and 10% level in a two-tailed test. 



The coefficient of IFAMILY is negative and statistically significant at the 5% 
level (t-statistic: -2.01), while the coefficient of ICOMP is positive, but insignif- 
icant (t-statistic: 0.9 I). Under the agency-costs hypothesis, this evidence 
suggests that outside corporate block holders cannot, or do not, effectively 
monitor insiders. This may be the case if there is a strategic alignment of 
interests between the managers and corporate block holders. For example, the 
block holder corporation may depend on the firm for supplying a vital input. 
(Sears holds a big block and also accounts for a majority of the sales for several 
of our sample cases.) It is also possible that the tax-based advantages of inter- 
corporate dividends makes the marginal valuation of unanticipated dividends 
(and hence the price reactions) higher in such cases. There are only 46 cases 
for which IMISC is non-zero and the evidence for this category is insignificant. 

A Piecewise Linear Relationship 

Both Merck, Shleifer and Vishny (1988) and McConnell and Servaes (1990) 
document that the relationship between Tobin’s Q and insider ownership is most 
pronounced in the range of 0 to 5% insider ownership. Thirty-eight percent of 
our observations lie in this range. Jensen and Murphy (1990) suggest that even 
when CEOs hold only a small percentage of equity, it constitutes a large part of 
their wealth. In general, share price performance has a much more pronounced 
effect on insiders’ wealth than performance-based compensation. For our sample, 
5% of equity for the mean (median)-sized firm is worth $41.1 ($16.2 million). 
which probably constitutes a substantial part of insiders’ wealth. If managers’ 
incentives get aligned with shareholders’ interests fairly rapidly as ALPHA 
increases, the relationship need not be linear over the entire range of ALPHA. 

Without any loss of generality, we examined this relationship in various 
ranges of ALPHA with piecewise linear regressions. The following variables 
were used in this analysis: 

ALPHA I) to 5 = ALPHA if ALPHA < 5 
= 5 ifALPHA> 

ALPHA 5 to 100 = 0 if ALPHA +c 5 
= ALPHA - 5 if ALPHA > 5, etc. 

Regression 2 in Table 3 shows that the slope of ALPHA is significantly 
negative between 0 and 5% (t-statistic: -3.49). Beyond this range, however, the 
slope coefficient is insignificant. The slope of the CAR vs. ALPHA curve equals 
-0.2X.5 in the 0 to 5% region, but only -0.004 in the 5 to 100% region. ICTRL 
and IFAMILY are also significant in this regression (t-statistics: 2.53 and -3.34). 
although ZCOMP remains insignificant. 
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To better understand the piecewise linear relationship between dividend 
announcement period returns and ALPHA, we further subdivided the 5 to 100% 
region into a 5 to 15% and a 15 to 100% region. Regression results (not reported) 
show that the slope coefficient for ALPHA beyond the 0 to 5% range remains 
insignificant, however. Nor does it help to further subdivide the 15 to 100% 
regions into 15 to 30% and 30 to 100% regions. The slope of the CAR vs. 
ALPHA in subdivisions of 5 to 100% region remains negative, but it is insignif- 
icant both economically and statistically. 

We also tested the robustness of the 5% level as a turning point (not reported). 
Using 4% as a turning point produced a somewhat greater slope of -0.363 in 
the 0 to 4% region whereas using 6% as a turning point produces a somewhat 
smaller slope of a.235 in the 0 to 6% region. The t-statistics were significant 
(at the 5% level) in either case. Overall, we assess 5% to be a fair approximation 
of the turning point beyond which further increases in ALPHA no longer lead 
to further decreases in CAR. We find no evidence that increases in ALPHA lead 
to increase in CAR 

Controlling Far Non-Ownership Variables 

Bajaj and Vijh (1990) show that the market’s reaction to dividend changes 
depend on anticipated dividend yield and firm size. Rozeff has shown that 
dividend yield of a firm is a function of its ownership structure. We examined 
whether our results continue to hold after controlling for the non-ownership 
variables shown to affect the market’s reaction to dividend changes. Following 
Bajaj and Vijh (1990), we used YLDRNK, a percentile ranking of Blume’s 
(1980) anticipated yield measure. We control for firm size by using ZVAL, the 
log transform of market value (in million dollars) as an additional independent 
variable. We also control for size of the dividend change by introducing 
DZVCHG, the percentage change in quarterly dividend, as an independent 
variable. 

Regressions 3, 4 and 5 in Table 4 show the impact of separately introducing 
each of the non-ownership variables. DIVCHG is significant at the 10% level 
while YLDRNK and ZVAL are significant at the 1% level in the presence of all 
ownership variables. The sign and significance of the coefficient estimates of 
ALPHA 0 fo 5, ICTRL and IFAMZLY remain unchanged as we introduce non- 
ownership control variables. However, ZEST becomes insigniticant with the 
addition of ZVAL. Regression 6 includes all the ownership and non-ownership 
variables simultaneously. 

In regressions 5 and 6, ZNST becomes insignificant (t-statistics of -0.03 and 
0.30) with the addition of IVAL. This suggests that the institutional ownership 
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Table 4. Regression of Announcement-period Returns on Ownership and 
Non-ownership Control Variables for 1,222 Dividend Changes from 1979 

to 1987. 

The sample consists of 1,222 dividend change announcements that satisfy the section criteria listed 
in Table 1. Insider ownership/control is denoted by ALPHA. To run piecewise-linear regressions, 
we define ALPHA 0 to 5 and ALPHA 5 to 100, as described in Table 3. The non-ownership control 
variables are: YLLIRNK, a ranking between 1 and 100 of the Blume’s (1980) measure of antici- 
pated yield. IVAL, the log transform of the firm’s market value in million dollars, and DIVCHC, 
the percentage change in dividend. Regression (7) uses WLS with reciprocal of the benchmxk- 
period standard deviations as weights. 

Variable (3) (4) (5) (6) (7) (WLS) 

Number of 
observations 

INTERCEPT 

ALPHA 0 to .5 

ALPHA 3 to IO0 

ICTRL 

INST 

ICOMP 

IFAMILY 

IMISC 

YLDRNK 

DIVCHG 

II/AL 

Adjusted-R’ 

F-statistic 

1222 1222 1222 1222 1222 

I.336 2.23 1 4.654 3.285 3.266 
(2.58)*** (5.1 I)*** (6.13)*** (3.X7)*** (3.92)*** 

--Cl.237 -0.287 -0.376 a.322 Al.323 
(-2.x7)*** (-3.5 I )*** (4.42)*** (-x73)*** (&3.94)*** 

-0.00 I -0.m4 -u.rKn o.noo -o.rHI 
(4.07) (-0.46) (-0.31) (0.02) (-o.ln, 

U.637 0.690 0.652 0.646 0.628 
(2.41)** (2.60)*** (2.47)** (2.46)** (2.46)** 

40 t 3 4.016 4.000 0.002 4.006 
(-I .Y3)* (-2.46)** (4.03) m3.l) (4.X8) 

0.296 0.236 0.227 0.196 0. LYX 
(O.XY) (0.71) (0.68) (0.59) (0.61) 

-1.188 -1.477 PI.764 -1.443 PI.400 
C-2.64)*** (-3.32)*** (-3.93)*** j-3.16)*** (-x24)**” 

4.008 0.086 -o.IIi -0.122 -0.152 
(4OI) (0.14) (-0.18) (-0.20) (41.27) 

0.0 I7 0.016 0.017 
(3.51)*** (3.26)*** (3.48)*** 

0.0050 0.0057 0.0018 
(1.74)* (I .99)** (1.15) 

-0.427 4.37x 41.314 
(-3.66)*** (-3.23)**’ (-2.77)*** 

0.0252 0.017x 0.026 I 0.03s3 0.03Y2 

4.9s*** 3.77*** 5.09*** 5.47*** 5.98*** - 
***, ** and * denote significance at the II 5 and 10% level in a two-tailed test 
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was a proxy for the firm size in our sample. I8 We also note that Brickley, Lease 
and Smith (1988) find that all institutions are not equally effective in 
monitoring managers. In the context of voting on anti-takeover amendments, 
their evidence suggests that institutions which are less subject to management 
intluence (for example, mutual funds, foundations and public-employee pension 
funds) are more likely to oppose management than banks, insurance companies 
and trusts, which frequently derive benefits from lines of business under 
management control. Finer resolution of institutional ownership might produce 
different results. However, such resolution requires alternative data sources and 
is beyond the scope of this study. 

Our evidence thus far is consistent with the hypothesis that market reac- 
tion to dividend changes is determined, in part, by the agency costs of free 
cash flow. All the benefits of incentive alignment set in by the time insider 
ownership is 5% of the total. Other things being equal, regression 6 shows 
that the cross-sectional variation in insider ownership can explain a maximum 
variation of 5 x 0.322 or 1.61% in announcement-period returns. However, 
all of this variation occurs between ALPHA values of 0 and 5%. In this range, 
the price returns decrease by 0.322% for every percent increase in insider 
ownership. The flattening of price returns beyond 5% is somewhat surprising, 
because it indicates that 5% insider ownership is a sufficient “threshold” to 
prevent managers from spending retained cash flows on value-decreasing 
projects. As we noted above, 5% of equity for the mean (median)-sized firm 
is worth $41.1 ($16.2 million), which probably represents a substantial part 
of the insiders’ wealth. At such levels of insider ownership, besides the fact 
that managers bear part of the cost of misallocation of firm’s resources, risk 
aversion of insiders could also alleviate over-investment tendency. The price 
reaction is also lower for companies with family block ownership, by an 
average of 1.44%, suggesting that family block holders alleviate agency costs. 
The price returns are higher by 0.65% for companies in which managers 
control a greater percentage of equity than they own, suggesting higher agency 
costs in such cases. 

The cross-sectional variation in excess returns with the variation in owner- 
ship variables is economically quite significant, especially when viewed in the 
light that announcement-period returns have a standard deviation of 3.94% and 
an inter-quartile range of 4.32%. However, even though ALPHA, /FAMILY and 
ICTRL can individually explain a maximum variation of 1.61, 1.44 and 0.65% 
in price returns, the total variation explained by the ownership structure is less 
than the sum of these figures. Typically, /FAMILY takes the value of 1 when 
ALPHA is low. ICTRL takes the value of 1 when ALPHA is high, but its effect 
is opposite to that of higher ALPHA. 
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So far, the regression analysis presented above has used the OLS technique 
and employed the mean-adjusted excess returns as dependent variable. Ex-ante, 
however, the uncertainty or the variability surrounding announcement-period 
returns should be higher for more volatile stocks. To check for the possible 
heteroscedasticity-induced changes in the significance of estimated coefficients, 
we ran our regressions using the weighted-least-squares technique, with the 
inverse of standard deviations of mean-adjusted daily returns over the benchmark 
period as weights. Regression 7 shows the multivariate weighted-least-squares 
results. The adjusted-R2 is slightly higher at 0.0392, as compared with the 
ordinary-least-squares regression 6 which had an adjusted-R’ of 0.0353. The 
coefficients and the t-statistics of all ownership and non-ownership variables 
are about the same, except DIVCHG, which becomes insignificant. The overall 
interpretation of the results is not changed. 

4. OWNERSHIP STRUCTURE AND INFORMATION 
CONTENT OF DIVIDEND POLICY 

If there is an interaction between ownership structure and the degree of 
informativeness of dividend policy, the results presented above may simply be 
a manifestation of the information content hypothesis. Ownership structure 
of a firm may be related to the informativeness of its dividend policy in several 
ways. 

First, firms with higher insider ownership are smaller firms, on average. 
(Correlation between insider ownership and firm size equals -0.16 for our 
sample.) Bajaj and Vijh (1990, 1995) show that dividend announcements for 
smaller firms are more informative, perhaps because information production 
for smaller firms is concentrated during the announcement periods. If including 
IVAL as an independent variable does not adequately control for the size effect, 
we would predict a positive relationship between the market’s reaction to divi- 
dend changes and insider ownership. 

To examine this effect, we regress the market’s reaction to earnings announce- 
ment, in a manner analogous to the dividend announcement results reported 
above, on the ownership structure and other independent variables. For every 
dividend announcement in our sample, we search the subsequent earnings 
announcement date (within the next one year) from the Compustat Quarterly 
tile. We drop cases where the subsequent earnings announcement occurs in less 
than three trading days, however, so that the earnings and dividend returns do 
not get mixed up. We measure the earnings change (EARNCHG) as the 
difference between earnings per share in the current quarter and four quarters 
before. This difference is normalized by the share price prevailing just before 
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the earnings announcement of four quarters. If EARNCHG is negative, we flip 
the sign of the market reaction and of EARNCHG, just as we do for dividend 
changes. There are 579 observations for which data are available and the selec- 
tion criteria are met. The regression results are as follows: 

CAR,,,, = U.rl138 + O.W41 x ALPHA 0 lo 5 -0.CW2 x ALPHA 5 To I# + 0.0041 X KTRL 
(0.75) (2.28)” (-1.21) (0.77) 

4l.LKK) x ZNST + 0.0038 x ICOMP + 0.0018 x /FAMILY 403uY x ZMZSC 
(-1 Ao) (0.54) (0.19) (-I .73) 

+ 0.m x YLURNK + O.C010 x EARNCffG JN.X)17 x WAL 
(U.lh) (I .03) (-0.72) 

Adj:R2 = 0.034 I F-srutisric = X04** 

* Significant at 5% level. 

These results show that most ownership and non-ownership variables are 
insignificant, but ALPHA 0 to 5 is positive and significant at the 5% level. We 
interpret this fmding as evidence that the negative correlation between firm 
size and insider ownership can increase the informativeness of earnings 
announcements (and therefore, possibly, dividend announcements) of firms with 
higher insider ownership. 

Next, we examine earnings changes surrounding dividend change announce- 
ments in our sample. If the reason for the price reactions to dividend changes 
being smaller as insider ownership increases were that such announcements are 
less informative, we would expect to find corroborating evidence in subsequent 
dividend announcements. We examine the relationship between the earnings 
change from the fiscal year before the year of dividend change to the fiscal 
year after the year of dividend change to answer this question. The annual earn- 
ings data for this purpose is obtained from the Compustat Annual files. 
Regression results (not reported) show that, the difference between earnings per 
share, normalized by the share price prevailing before the last fiscal year, does 
not depend on any of the ownership variables. Examining changes from the 
year before to two or three years after the year of dividend change also confirms 
that there is no relation between the ownership structure of the firm and the 
change in future earnings of the firm. 

Third, we examine the possibility that dividend changes for firms with higher 
insider ownership are less informative because managers of such firms are less 
likely to use dividend changes to signal future earnings. This reasoning is quite 
plausible because such managers are relatively immune from market for corporate 
control and may make dividend decisions based on other considerations (such as 
the implications of higher dividends for their taxes). If strategic considerations 
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play a smaller role, we would expect that managers would vary the dividend 
amount less frequently. Regression below examines the relationship between the 
number of quarters since the last change in regular and quarterly dividend 
payment (denoted by NUMQTR) and the various ownership and non-ownership 
variables. 

The regression results show that the coefficient of ALPHA 0 to 5 is negative 
and significant at the 5% level. This indicates that the dividend policy becomes 
less stable as the insider ownership increases in the range of 0 to 5%, which 
is inconsistent with the hypothesis that managers of tirms with higher insider 
ownership do not change dividends as much because they need not signal with 
them. 

Finally, we note that note that not only have we found that the market’s reac- 
tion to dividend changes decreases with increases in insider ownership, we also 
found that the market’s reaction is lower when a family owns a block of the 
stock or when managers exercise voting control over shares they do not own. 
The findings are consistent with the agency-cost explanation and it is not clear 
how these findings could arise due to the information content of dividends. 

Dividend Increases and Decreases 

The preceding regressions in Tables 3 and 4 were all carried out with the 
pooled sample of all increases and decreases. Table 5 shows the results of 
ordinary-least-squares regressions separately for the groups of increases and 
decreases. Regressions 8 and 9 report for the sample of 1,140 increases, with 
and without the non-ownership control variables, and regressions 10 and 11 
report for the sample of 82 decreases. The coefficients of the three ownership 
variables, ALPHA 0 to 5, ICTRL and IFAMILY, are signiiicant at the 5% level 
in both regressions 8 and 9, although their magnitudes are smaller than in the 
pooled sample. Regression 9, which includes all ownership and non-ownership 
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Table 5, Regression of Announcement-period Returns on Ownership and 
Non-ownership Control Variables for 1,222 Dividend Changes from 1979 to 

1987: Evidence Within Dividend Increase and Decrease Categories. 

The sample consists of 1,222 dividend change announcements that satisfy the selection criteria 
described in Table 1. The final sample includes 1,140 dividend increase and 82 dividend decrease 
announcements. Insider ownership/control is denoted by ALPHA. To run piecewise-linear regres- 
sions, we define ALPHA 0 to 5 and ALPHA 5 to 100 as described in Table 3. Other ownership 
variables are also defined in Table 3 and non-ownership control variables are defined in Table 4. 

Variable (8) (9) (10) (11) 

Number of 
ohservatinns 

NTERCEPT 

ALPHA 0 to 5 

ALPHA 5 to 100 

ICTRL 

INST 

ICOMP 

IFAMILY 

IMISC 

YLDRhX’ 

DIVCHG 

IVAL 

Adjusted-RI 
F-statistic 

1140 
Increases 

1.365 
(3.18)*** 

-0.174 
(-2.16)** 
-0.002 

(4~17) 
0.547 

(2.13)** 
4mo9 

(-1.39) 
0.491 

( 1.49) 
-0.918 

t-2.11)** 
0.178 

(0.30) 

0.0065 
2.07** 

1140 82 
Increases Decreases 

2.124 
(2.56)*** 
~.205 

(-2.41)** 
0.001 

(0.10) 
0.525 

(2.04)** 
0.002 

(0.21) 
0.457 

(1.39) 
-0.943 

(-2.10)** 
0.053 

(0.09) 
0.008 

(1.67)* 
0.0005 

(0.16) 
AI.224 

C-1.96)** 

8.120 
(4.20)*** 
-0.820 

(-1.98)** 
a.012 

(-0.25) 
3.527 

(2.31)** 
a.05 I 

(-1.27) 
-1.715 

(-1.09) 
-3.474 

(-1.22) 
3.168 

(0.80) 

0.0102 
2.17** 

0.0723 
1.90* 

82 
Decreases 

7.000 
(1.38) 

a.934 
(-2.09)** 
-0.01 I 

(-0.26) 
2.499 

(1.79)* 
-0.002 

(4.05) 
-2.404 

(-1.64) 
4.044 

(-1.49) 
-0.077 

(-0.02) 
0.011 

(0.40) 
0.1589 

(4.13)*** 
-1.483 

(-2.24)** 

0.2545 
3.77*** 

***, ** and * denote significance at fhe I, 5 and 10% level in a two-tailed test. 

variables, has an adjusted-R2 of 0.0102, significant at the 5% level. Regression 
11 for the sample of decreases has a higher adjusted-R* of 0.2545, significant 
at the 1% level, but a large part of it is explained by DIVCHG, a non- 
ownership variable. (Table 1 shows that, on average, the magnitude of dividend 



change is much larger for decreases.) Without the non-ownership variables, 
the sample of decreases has an adjusted-R2 of 0.0723, significant at the 10% 
level. ALPHA 0 tu 5 and ZCTRL remain significant in the sample of decreases, 
but IFAMILY becomes insignificant, perhaps because of only 82 observations. 

The somewhat weaker results for dividend-increase sub-sample points to an 
important influence not analyzed above. Dividend decreases are more likely to 
be announced by firms with low values of Tobin’s Q. This is likely because 
dividend cuts are almost always preceded by poor economic performance, as 
suggested by DeAngelo and DeAngelo (1990). (Our proxy for the Tobin’s Q 
ratio, defined in the next section, had an average value of 1.51 for the 
dividend increase sample and 0.99 for the dividend decrease sample.) Lang and 
Litzenberger (1989) show that firms with low values of Tobin’s Q have higher 
price reaction to a dividend change announcement. Also, Jensen (1986) suggests 
that agency costs of free cash flow are likely to be more severe for firms in 
declining businesses. 

5. GROWTH OPPORTUNITIES, OWNERSHIP 
STRUCTURE AND AGENCY COSTS OF FREE 

CASH FLOW 

The market value of a firm equals the value of assets in place plus the value 
of growth opportunities. Other things being equal, firms with low growth 
prospects are expected to have smaller values of Tobin’s Q ratio. Gaver and 
Gaver (1992) document a significant correlation between Q ratio and some alter- 
nate measures of growth opportunities, namely, the price to earnings ratios, 
R&D expenditure and holdings by growth-oriented mutual funds. 

Value Line Data Base II provides the (FASB 33) replacement cost data for 
745 firms from 1976-1979. From this data, we calculated Tobin’s Q ratio for 
2,106 firm-years using the Lindenberg and Ross (1981) procedure.‘” We then 
obtained the 5-year growth rates of sales, cash flows and earnings per share. 
Q ratios had correlations of 0.28, 0.24 and 0.13 with these three growth 
measures, all of them significant at the 0.0001 level. Under the assumption that 
expected growth rates are equal to the realized growth rates, our experiment 
shows that Q ratio is a good measure of expected growth rates. Because the 
above-described procedure relies on replacement cost data, we cannot calculate 
Q ratios for our entire sample. Under the assumption that replacement cost 
equals the book value, however, we calcuIated a similar measure, which we 
denoted as QS. For the 2,106 firm years for which we calculated replacement- 
cost-based Q measure, we also calculated the alternative QB measure. We found 
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that the two measures have a correlation of 0.90, indicating that QB is a good 
proxy for Q. With the alternative QB measure, however, we cannot separate 
over-investing firms by comparing the QB ratio to 1. To account for this scaling 
problem, we use partitions based on ranked values of QB ratios rather than the 
cutoff value of 1.00 in the following tests. 

For every firm included on the Value Line’s Data Base II, we estimated QB 
ratios for each year from 1979 to 1987 by using the preceding end-of-year 
accounting data. Then we ranked all listed firms into two groups based on the 
QB values. Of the 1,222 observations in our dividend change sample, 413 were 
in the low-QB group and 809 were in the high-QB group. The relatively greater 
frequency of observations in the high QB group reflects that dividend increases 
are more likely for this group. The low-QB group had firms with QB values 
below 1.09 and the high-QB group had firms with QB values above 1.09. The 
median QB values in the two groups were 0.93 and 1.55. Otherwise, the owner- 
ship attributes were quite similar across the two groups. The frequencies of 
ICTRL and IFAMILY cases were roughly proportional to the sample sizes (120 
vs. 240 and 36 vs. 93), and the ALPHA values averaged 13.3 and 14.9% for 
the low-QB and the high-QB groups. The institutional ownership was some- 
what lower for the low-QB group, 27.5% vs. 38.6%, perhaps because institutions 
are more likely to hold growth stocks. The low-QB group was also character- 
ized by somewhat lower market values, higher dividend yields and lower 
dividend changes. 

Regressions 12 and 13 in Table 6 report the results of multivariate analysis 
with the combined samples of increases and decreases in the low-QB and 
high-QB partitions. The evidence between the two partitions is substantially 
different. With only one third of the observations, the regression within the 
low-QB group has an adjusted-R2 of 0.1548. In comparison, the high QB group 
with two thirds of the observations has an insignificant adjusted-R* of 0.0044. 
The three previously significant ownership variables and other control variables 
have larger coefficients in the low-QB group. In comparison, none of the owner- 
ship variables or even the control variables are significant in the high-QB group. 
These results are consistent with the interpretation that agency costs of free 
cash flow are significant only in the low-growth sample of firms. 

Comparing the two groups, we find (not surprisingly) that decreases are 
concentrated in the low-Q sample. Sixty-eight of the 82 decreases occur in this 
sample. Since there are not enough decreases in the high-Q sample, we carried 
out regressions within the low-QB and high-QB partitions for only the sample 
of increases. Regressions 14 and 15 in Table 6 show that the evidence is qual- 
itatively similar to regressions 12 and 13. The regression within the high-QB 
subset of increases has an adjusted-R2 of 0.0279. In comparison, the regression 
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Table 6. Regression of Announcement-period Returns on Ownership and 
Non-ownership Control Variables for 1,222 Dividend Changes from 1979 

to 1987: Evidence Within Low-growth and High-growth Categories. 

The sample consists of 1,222 dividend change announcements that satisfy the selection criteria 
described in Table 1. Insider ownership/control is denoted by ALPHA. To run piecewise-linear 
regressions, we define ALPHA 0 co’.5 and ALPHA 5 lo 100 as described in Table 3. Other owner- 
ship variables are also defined in Table 3 and non-ownership growth variables are defined in Table 
4. Low-growth or high-growth firms are determined by QS the ratio of market value to bwk 
value of assets of the firm. 

Variable 112) 
Low-growth 

(13) 
High-growth 

(14) 
Low-growth 

(15) 
High-growth 

Nurnher oj 413 increases 
obs~rwtions and decreases 

INTERCEPT 3.453 
(2. Ix)** 
41.553 

(-X63)*** 
-0.019 

(-1.1.5) 
1.375 

(2.97)*** 
-0.015 

(-1.12) 
A).631 

((1.15) 
-2.68fl 

(-3.1(l)*** 
-0.161 

(-il. 15) 
0.033 

(XhY)*** 
0.0675 

(6. Ih)*** 
4l.720 

(-x22)*** 

ALPHA 0 to 5 

ALPHA 5 to 100 

ICTRL 

INST 

ICOMP 

IFAMKLY 

IMISC 

YLDRNK 

DIVCHG 

IVAl 

Adjusted-H? 
F-statistic 

0.1 S48 
x.54*** 

X09 increases 
and decreases 

1.516 
(1.44) 

4.166 
(-1.60) 

0.010 
(0.92) 

1.179 
(L.16) 

AI.002 
(-0.16) 

0.836 
(2.05)** 
-0.744 

(-1.40) 
0.291 

(0.40) 
0.00x 

(1.12) 
~.O0Ol 

(-0.04) 
4).13X 

(-0.97) 

o.oQ44 
1.36 

345 increases 
0Clly 

3.234 
(2.02)** 
-0.361 

(-2.28)** 
-0.024 

(-1.41) 
0.3hl 

(2.53)** 
0.010 

(0.76) 
AI.320 

(0.57) 
-1.760 

(-1.9x)** 
a.309 

(-0.30) 
0.0 I7 

(1.75P 
0.02 18 

(I .S7) 
4.500 

(-2x)** 

0.0279 
1.99+* 

795 increases 
flllly 

1.487 
(1.43) 
4.153 

(-1.49) 
O.OIO 

(0.95) 
0.278 

(0.90) 
0.000 

(0.02) 
0.X97 

(2.1’))‘* 
Aj.687 

(-1 ..vl) 
0.328 

(0.46) 
n.om 

(1.12) 
4 IWHN 

(-0.3cI) 
-0.1% 

(&I .0X) 

0.0042 
1.34 

+**, ** and * denote significance at the 1, 5 and 10%) level in a two-tailed test. 

within the high-Q8 subset of increases has an insignificant adjusted-R’ of 
0.0042. All three ownership variables and two out of three non-ownership 
variables are signiticant in the low-QB subset of increases, but none is 
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significant in the high-QB subset. It appears that the evidence for the agency 
costs of free cash flow in the entire sample is driven mainly by firms with low 
values of Tobin’s Q. Our results show that increased insider ownership and 
block ownership by a family or trust mitigate the agency costs of free cash 
flow and that control without ownership exacerbates the agency costs of free 
cash flow within this subset of firms. 

6. CONCLUSIONS 

This paper shows that market’s reaction to dividend announcements is related 
to the ownership structure of a firm’s equity. We interpret this reIationship as 
evidence on the role of ownership structure in determining the agency costs of 
free cash flow. Our evidence is consistent with an interpretation that the agency 
costs of free cash flow decrease as insider ownership increases. The agency 
costs also decrease when a family owns a large block of equity, but increase 
when managers control voting rights of outside blocks that they do not own. 
The results are significant only for a subset of tirms characterized by low growth 
opportunities, however. These results also suggest that 5% insider ownership 
may be a sufficient threshold to prevent managers from over-investing retained 
earnings. 

Somewhat surprisingly, upon controlling for firm size, we find no correla- 
tion between market’s reaction to dividend changes and institutional ownership. 
Institutional investors have become a dominant force in recent years and many 
researchers have documented their role in reducing potential conflicts of interest 
between managers and outside shareholders. In view of their growing 
importance, the role of institutional investors in determining market’s reaction 
to dividend changes needs further examination with data containing finer 
classifications along the lines suggested by Brickley, Lease and Smith (1988). 

NOTES 

1. For a recent empirical examination of the information content hypothesis, see 
DeAngelo, DeAngelo and Skinner (1992) and Sajaj (1999). For the stockholder- 
bondholder conflict in the context of dividend policy, see Handjinicolaou and Kalay 
(1984). For the agency cost hypothesis, see Lang and Litzenberger (1989) and for the 
clientele hypothesis, see Bajaj and Vijh (1990). The listed papers provide additional 
references. 

2. Lang and Litzenberger (1989) have shown that the market’s reaction to dividend 
changes is larger for firms for which the Tobin’s Q ratio is less than one. (Tobin’s 
Q ratio is defined as the ratio of the market value to the replacement cost of a 
firm’s assets.) Under the assumption that firms are investing in scale-expanding projects, 
they show that average Q ratio less than one is a sufficient condition for a firm to be 
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“over-investing.” Lang. Stulz and Walkling (1991), Smith and Watts (1992) and Gaver 
and Gaver (1992) have suggested that Tobin’s Q ratio could be a proxy for firm’s invest- 
ment opportunities. 

3. Easterbrook (1984) further extended RozefPs (1982) argument and suggested 
specific mechanisms through which dividends control agency costs. 

4. While Rozeff (1982) treated ownership structure of the firm as exogenously 
specified, Demsetz and Lehn (1985) argued that firms’ ownership structure is optimally 
determined to maximize firm value. According to Demsetz and Lehn, in equilibrium, 
marginal agency costs should not vary cross-sectionally with ownership structure. 

5. See, for example, Merck, Shleifer and Vishny (1988). 
6. When managers own a large stake in the firm and feel relatively immune from 

the threat of a corporate control contest, they may make dividend decisions on the basis 
of their personal tax planning, for example. 

7. We excluded utilities by eliminating firms with 2-digit SIC codes of 41, 43 and 
49. Financial firms were excluded by eliminating tirms with 2-digit SIC codes between 
60 and 69. 

8. Another way to define a substantial dividend change is based on the size of the 
change, relative to free cash flow. We also examined our results in various sub-samples 
which were divided on the basis of how large the dividend change was, relative to free 
cash flow of the firm, as described later. 

9. Since 1979, Value Line has reported total common stock holdings by institutions 
which file 13(f) reports with the Securities and Exchange Commission (SEC). All insti- 
tutions with equity assets exceeding $100 million must file with SEC within 45 days 
after each quarter end. Between 1972-1978, Vulur Line Invesrmenr Survey reported 
ownership of common stock by 99 major investment funds. 

IO. See Aharony and Swary (1980), Eades. Hess and Kim (1985) and Bajaj and Vijh 
( 1990) for examples. 

1 I. Value Line follows about 1,700 stocks belonging to more than 95 industries. The 
companies are selected on the basis of investors’ interest, as measured by trading 
volume. Collectively, these stocks account for more than 95% of all trading volume 
on U.S. exchanges. The total universe of companies followed by Value Line is divided 
into 13 reporting groups according to industry classifications. Value Line issues a new 
edition of reports each week on individual companies and the industries they represent, 
hence covers all companies every calendar quarter. 

12. Several researchers have used Value Line as a source of insider ownership data. 
A partial list includes Rozeff (1982), McConnell and Servaes (1990), Stulz, Walkling 
and Song (1990) and Song and Walkling (1989). McConnell and Servaes (1990) and 
Song and Walkling (1989) have examined the accuracy of Value Line’s insider owner- 
ship data and found that it compares favorably with the ownership data obtained directly 
from the proxy statements. 

13. Insider ownership and control can also differ if the firm has two different classes 
of common stock with different voting rights. Usually, insiders own the class which has 
more voting rights. For obvious reasons, the class of stock with less voting power has 
dividend protection features. Such dividend protection clauses make it difficult to inter- 
pret the market’s reaction to dividend changes in the incentive/control framework. 
Therefore, we eliminated such stocks from our sample. Such cases are quite rare, and 
until 1984, NYSE disallowed listing of firms which had more than one class of shares 
with different voting rights. This reduced our sample of dividend changes by about 2%. 
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For incentive and control effects of dual class see DeAngelo and DeAngelo (19X5), 
Lehn, Netter and Poulsen (1990) and references in these papers. 

14. See Pound (1988), Brickley, Lease and Smith (1988), and references in these 
papers for examples. 

15. Value Line mentions blockholdings of less than 5% in less than 2% of the cases. 
In 76% of the cases, bIockholdings are at least 10%. 

16. We chose a dummy-variable specification for block ownership because block 
holdings are infrequent but large. Therefore, it is important to distinguish whether or 
not there was a blockholder and size of the block may not make much incremental 
difference. In the context of proxy contest outcomes, Pound (1988) recounts an often 
heard folklore, that winning a proxy contest becomes discontinuously easier when the 
dissidents’ ownership increases beyond a “threshold” level (for example, 10%). He also 
uses a dummy variable specification for the same reason. 

17. These results are consistent with McConnell and Servaes’s (1990) findings that 
market valuations of firms, as measured by Tobin’s Q, increase as ALPHA increases (at 
low levels of insider ownership) and as INST increases, They also found that the pres- 
ence of blockholders does not increase Tobin’s Q. 

IS. This result contrasts with the evidence provided by McConnell and Servaes (1990), 
who find that Tobin’s Q ratios increase with institutional ownership, even after including 
a firm size proxy. Because of their findings and our results before, we were surprised 
to see that INST becomes insignificant when we control for firm size. Our results are 
not necessarily directly comparable to their paper, however. We have examined a sample 
of dividend change companies over a nine-year period. In contrast, McConnell and 
Servaes examine the relationship between Tobin’s Q ratio and ownership structure using 
two cross-sections during 1976 and 1986. 

19. In calculating Q ratios, we assumed that preferred stock and debt are valued at 
their book value. 
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MANAGERIAL ENTRENCHMENTAND 
THE EFFECTIVENESS OF INTERNAL 
GOVERNANCEMECHANISMS 

Mark M. McNabb and John ID. Martin 

ABSTRACT 

Founder CEOs of poorly pqforming firms clre less likely to De rrpluced 
than non-founders. Furthermore, founder CEO jirms are much more 
prevalent in our sample of’ yoor performing jirms than in the general 
population. We also report that simply replacing a founder CEO is not 
su&ient to increase long-term ,stnck returns unless the founder leaves 
both the jrm and the board. In addition founder CEO firms are less likely 
than non-founder CEO firms to: (i) repluce the CEO with a financier,. 
(ii) experience financial distress; (iii) file for bankruptcy; (iv) restructurr 
ussets; or (v) hr turgeted~fclr takeover. 

1. INTRODUCTION 

We report evidence that founders reduce subsequent operating and equity perfor- 
mance of firms relative to the performance at firms headed by non-founders. 
This lower relative performance occurs during a time of active external takeover 
activity in the markets. We suggest that founder status provides additional 
powers beyond equity ownership to the CEO that increase entrenchment to the 
detriment of minority shareholders. 
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The market for corporate control and a firm’s internal governance system 
provide alternative disciplinary mechanisms for aligning the incentives of 
managers and stockholders. While some have questioned the effectiveness of 
internal control systems,’ others have argued that internal monitoring mecha- 
nisms can provide an effective substitute for the market for corporate control,’ 
or that internal and external control systems interact in ways that make both 
more effective.3 This latter view suggests that the information generated by the 
external takeover market allows internal governance mechanisms to function 
better. For example, top executive turnover may increase following takeover 
bids if the bid signals poor management quality.4 

We examine the effectiveness of internal monitoring mechanisms by exam- 
ining CEO turnover at poor performing firms that are led by a founding CEO. 
Removing a founding CEO provides a particularly stringent test because of the 
founder’s ability to become entrenched. Specifically, a founder CEO can become 
entrenched (i.e. more difficult to remove) as a result of failure of effective 
external pressure from the market for corporate control or as a result of founder 
influence over the board. To the extent that founder CEOs have substantial 
stock ownership they can resist external takeover attempts (see Denis et al., 
1997; Mikkelson & Partch, 1989; Shivdasani, 1993; Song & Walkling, 1993). 
Furthermore, Merck et al. (1988) suggest that managerial ownership is likely 
to be correlated with the relative power of the CEO to resist internal pressure. 
Finally, the firm’s founder may possess a unique source of power over the 
board function such as the founder CEOs who appoint a higher number of 
insiders to the board in Shivdasani and Yermack (1999). Our finding of an 
improvement for shareholders only after the founder leaves the board suggests 
that a change in title from CEO to chair of the board does not sever the entrench- 
ment influence. 

Recent evidence concerning the effectiveness of internal governance mech- 
anisms in the absence of an active market for corporate control is mixed. 
Mikkelson and Partch (1997) document a decreased sensitivity of CEO repiace- 
ments to accounting-based performance measures during the nineties compared 
to the eighties when the market for corporate control was much more active.’ 
Huson, Parrino and Starks (199X) agree that there has been a decreased 
sensitivity of the likelihood of turnover to the level of accounting performance, 
however they do not find an associated reduction in disciplinary pressure on 
managers. Rather, they find that the performance benchmark simply changed. 
They conclude that internal monitoring mechanisms are effective substitutes for 
the market for corporate control. 

We provide evidence on entrenched behavior by examining CEO turnover for 
a group of firms that is hypothesized to face a greater likelihood of managerial 
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entrenchment by virtue of the continued presence of the founder as CEO. 
Specifically, we restrict our study to a sample of firms that has an elevated like- 
lihood of turnover by virtue of the fact that they have experienced a two-year 
period of poor market performance that ranks them in the bottom 5% of all tirms 
on the NYSE and AMEX. We find that the turnover rate among founder CEOs 
is indeed quite high relative to the population of all firms but is significantly 
lower than a control group of poor performing firms led by non-founder CEOs. 
We also find that the 56% proportion of founder CEOs in our sample of poor 
performing firms is much higher than the highest reported family controlled firms 
of 18% for a sample of large U.S. firms in Porta et al. (1999) and as much as 
ten-fold greater than founder CEOs studied in previous research. Furthermore, 
we find that simply removing the founder CEO does not increase the equity 
values of the affected firms unless the founder is removed from both the CEO 
position and the board. 

These results suggest that managerial entrenchment by a founder CEO is a 
significant deterrent to improving the fortunes of poor performing lirms. We 
also lind that the replacement of the founder as CEO only marginally increases 
the accounting performance of the firm. Our evidence is consistent with the 
findings of Merck, Shleifer and Vishny (1988) who found that family owner- 
ship and control by founders restricts the ability of the managerial labor market 
and outside investors to monitor poor firm performance. We believe that founder 
CEO shareholdings repress the effectiveness of the market for corporate control 
and our results also support Jensen’s (1993) contention that internal governance 
mechanisms have limited effectiveness for many CEOs that can influence share- 
holders. Our findings are also supportive of Mikkelson and Partch’s (1997) 
conclusion that the effectiveness of internal control mechanisms is diminished 
by the absence of an effective market for corporate control. A founder’s signif- 
icant shareholdings and influence over other shareholders may deter external 
control attempts even during a period of active takeover activity. 

The paper is organized as follows: Section 2 describes our sampIe selection 
criteria and the resulting composition of our test sample. Section 3 contains an 
analysis of the announcement effects of CEO replacement followed in Section 
4 by a long-term performance analysis. Finally, Section 5 contains concluding 
remarks. 

2. DATA 

We study a sample of firms whose poor record of recent performance makes 
them good candidates for CEO turnover. To accomplish this objective we restrict 
our sample to firms whose most recent two-year market returns ranked them 
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in the bottom 5% of all NYSE and AMEX firms. A total of 128 firms are 
selected for study where 73 have founder CEOs and 58 are led by non-founder 
CEOs. 

2.1 Sample Selection 

Figure 1 shows how our sample was selected. The initial sample of 421 firms 
is comprised of those firms whose two-year returns rank them in the bottom 
5% of all firms on the NYSE and AMEX during the period 1984-1987. To be 
included in this set of firms each firm had to have returns for at least 400 
trading days during the two-year poor equity performance period (hereafter 
referred to as the market distress period). In addition the firms had to have 
acceptable stock performance ranking them in the upper 70th percentile during 
the year prior to the two-year market distress period. The combination of accept- 

73 founder- 
CEOS 

55 non- founder 
CEOo 

29 replaced 

36 replaced 

Fig. 1. Sample Construction Flow Chart. 
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able performance followed by two years of bottom 5% performance is designed 
to identify firms at the onset of poor performance. By identifying firms at 
the outset of the period of market distress we should observe the earliest 
actions in corrective corporate governance. Our requirement that the sample of 
tirms experience acceptable performance in the year prior to the onset of poor 
performance distinguishes our results from earlier studies. For example, the 
tirms used in the Khanna and Paulsen (1995) and Gilson (1989) studies had 
been distressed for several years but there was no requirement for acceptable 
performance. 

The final sample consists of 128 tirms in industries with low regulatory 
oversight, Regulators do not set prices or bar entry into product markets of 
these fmns. A founder CEO leads 73 of these firms at the time of their 
identification as a poor performer. Within two years of the identification date, 
29 of these 73 tirms experience CEO turnover. The large number (73 of 128 
tirms) of founder CEOs in our final sample is itself a possible testament to the 
entrenchment of founders. For example in a broad-based study of CEO turnover, 
Parrino et al. (1998) found that founders led only 6.62% of their sample of 
1,344 turnovers. 

Figure 2 illustrates the sample construction timeline that begins with one year 
of adequate stock performance, followed by two years of market distress (year 2 
and year 3), and a subsequent two-year turnaround period (post identification 
date period). The screen for adequate return in year I assumes that firms in the 
upper 70th percentile represent typical ‘good’ firms. Those firms in the bottom 
30% in the first year are omitted as they may have already fallen into severe 
distress before we can observe their responses to distress. The study sample is 
selected at the identification date, 12/3 1 of year 3, the beginning of the turnaround 
period. The two-year turnaround period (year 4 and year 5) is used to assess 
the long-term equity and financial performance for firms with distressed market 
values. 

Table 1 contains descriptive statistics for the test sample that is listed in the 
Appendix. The founder-led firms are considerably smaller than the non-founder 
firms in terms of assets and sales, but have roughly comparable operating income. 
Furthermore, the data does exhibit substantial skewness as is indicated by the 
differences in the means and medians. Using medians, we obtain the same results; 
skewness of accounting data does not drive our results. Finally, the profitability 
of all the sample firms deteriorated dramatically between year -2 and the 
identification date (year 0 in the table} with a modest recovery by year +2. 





Munngerial Entrenchment and Internal Governance h4echani.sm.s 35 

Table 2. Descriptive Statistics. 

The test sample consists of 128 poor performers of which founder CEOs lead 73. Accounting infor- 
mation is given for the year the firm enters the sample on the identification date (Year O), two 
years before (Year -2) and two years after (Year +2) where available. Means arc reported first 
with medians found below.. 

Panel A  

Year -2 Assets 
Long term Total Operating Commntt 

Debt Liabilities Sales Income Equity 

CEO not a 458.42 143.07 320.49 350.32 29.29 126.88 
Founder (N = 55) 132.84 29.35 66.96 119.72 7.46 32.64 

CEO Founder 180.23 52.05 126.98 172.52 23.71 4X.41 
(N = 72) 44.26 6.33 25.00 53.76 5.78 I X.29 

CEO Founder 194.67 69.48 127.99 265.37 27.67 61.X 
Replaced (N = 29) 34.26 3.44 22.7 I 40.49 7.25 16.99 

Panel B. 

Year 0 

CEO not a 
Founder (N = SS) 

CEO Founder 
(N = 7.3) 

CEO Founder 
Replaced (N = 29) 

Panel C. 

Assets 

497.09 
107.55 

183.11 
42.40 

139.35 
40.89 

Long term Total Operating Common 
Debt Liabilities Sales lncomc Equity 

133.08 418.64 405.65 7.10 63.13 
23.90 83.43 87.79 4.50 x.47 

40.02 150.70 161.29 x.x7 27.0 I 
4.67 29.92 59.28 -O.OY 13.95 

31.99 t3x.03 213.67 2.45 -6.49 
2.85 29.81 37.87 -1.36 3.93 

Year 12 Assets 
Long rerm Total Operating Common 

Debt Liabilities Salt:, Income Equity 

CEO not a 378.90 79.44 405.82 351.24 30.37 44% 
Founder (N = So) 63.38 13.22 60.67 73.37 I.54 3.28 

CEO Founder 145.s4 35.05 143.57 108.47 7.10 -0.13 
(N = 66) 30.47 3.23 21.74 39.01 0.14 7.5 I 

CEO Founder 73.10 17.51 56.70 t12.14 7.20 5.57 
Replaced (N = 24) 1X.90 1.81 17.04 27.20 0.241 5.45 
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Table 2. Descriptive Ratios. 

Sample ratios for 128 poor performers of which 73 had a founder CEO and 55 had non-founder 
CEOs. Boards replaced 29 of the founders and 36 of the non-founder CEOs. Median financial ratios 
are reported for three years: the year the firm enters the sample on the identification date (Year 
0). two years before (Year -2) and two years after (Year +2). The sample size varies among the 
various cells depending upon data availability. Differences in means are tested using r-tests. 

Panel A. 

Sales Operating Total Liabilities Book Equity 
Year -2 to Assets Income to Assets to Assets to Market Vatue 

CEO not a Founder (N= 55). 1.09 0.12 0.71 0.59 
CEO Founder (N = 73) 1.31 0.16 0.59 0.47 

Difference (0.22) (0.04)” 0.12” 0.12’ 

CEO not a Founder Replaced 1.0.5 a.12 0.73 0.50 
(N = 36) 

CEO Founder Replaced (N= 29) 1.24 0.19 0.63 0.46 

Difference (0.19) (0.07) 0.10 0.04 

Panel B. 

Year -2 
Sates Operating Total Liabilities Book Equity 

to Assets Income to Assets to Assets to Market Value 

CEO not a Founder (N = 55) 1.05 0.05 0.85 (0.16) 
CEO Founder (1y = 73) 1.22 0.10 0.68 1.76) 

Difference (0.17) (0.05) 0.17” (0.W 

CEO not a Founder Replaced 0.98 0.05 0.88 1.09 
(N = 36) 

CEO Founder Replaced (N = 29) 1.33 0.13 0.81 0.99 

Difference (0.35) (0.08) 0.07 0.10 

Panel C. 

Year +2 
Sales Operating Total Liabilities Book Equity 

to Assets Income to Assets to Assets to Market Value 

CEO not a Founder (N= 55) 1.26 0.09 1.06 (0.85) 
CEO Founder (N= 73) 1.31 0.12 0.84 (0.38) 
Difference (0.05) (0.03) 0.22 (0.47) 
CEO not a Founder Replaced 1.16 0.07 1.01 0.88 

(N = 36) 
CEO Founder Replaced (N = 29) I .28 0.07 0.91 1.16 
Difference (0.12) 0.10 (0.28) 

il Significant at 1% level, b Significant at 5% level, L Significant at 10% level. 
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Further evidence of the deterioration in firm profitability beginning two years 
prior to the firm being selected for inclusion in our study is found in Table 2. 
Profitability (measured by the ratio of operating income to assets) for non- 
founder and founder CEO-led firms decreases from an average of 12% and 
16%, respectively, in year -2 to 5% and 10% in year 0. Although there was a 
recovery in year +2 neither group of firms is able to regain the firm’s Year -2 
profitability. 

The evidence indicates that two years prior to the identification date, there 
are some significant differences between founder and non-founder CEO-led 
firms, Table 2 also provides evidence regarding the financial attributes of the 
two groups of firms. These differences include profitability, financial leverage 
(total liabilities divided by total assets) and the book to market value of equity 
ratios. The founder CEO firms were more profitable, used less financial 
leverage and had a lower book to market ratio. On the identification date 
(year 0), only the financial leverage of the founder and non-founder firms 
differed; and by the second turnaround year, there were no significant differ- 
ences, Also, it appears that turnover at firms with founder and non-founder 
CEOs increased with leverage and the turnover samples had similar leverage 
ratios. 

A comparison of operating performance at the founder and non-founder 
CEO-led tirms that replaced their CEO reveals little difference. Specifically, 
profitability only differs before entering the period of distress, two years prior 
to the identification date (note that the founder-led firms earned a higher return 
on assets). Founder-led firms may start from a healthier operational perspec- 
tive but fail to adjust to distress better than the non-founder-led firms. 

3.1 CEO Turnover and Managerial Entrenrhment 

Our sample exhibits a very high level of management turnover; however, firms 
led by the founding CEO experience significantly lower CEO replacement rates 
than non-founder-led firms. In Table 3, the two years prior to the identification 
date when the firm enters the sample and during the two turnaround years 
following that date, 29 founder CEOs (40%) and 36 non-founder CEOs (65% 
of the remaining 55 firms) are replaced by their boards. Furthermore, founders 
are less likely to be replaced by outsiders than are non-founders. These 
differences are significant at the I% level suggesting that founder CEOs are 
indeed more entrenched than their non-founder counterparts. 

The annualized CEO turnover rates of 20% and 32% for the founder and non- 
founder firms exceeds the normal CEO turnover rate of 9.3% reported by Denis 
and Denis (1995) and 12% in Warner, Watt and Wruck (198X). However, our 
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TubZe 3. Responses to Poor Performance by Founder and Non-founder CEOs. 

Corporate actions taken by the 73 founder CEO and $5 non-founder CEO firms who experience 
market distress. The sale, write-off or disposition of IO% or more of the firm’s assets identifies 
an asset restructuring. Financial distress follows Gilson’s (1989) definition. Significance tests are 
made using a chi-square test of independence based on 2 x 2 contingency tables. 

Activity 

CEO Replaced 
CEO Replaced by an Outsider 
CEO Replaced by a Financier 
No Financial Distress 
Files Bankruptcy 
No Asset Restructuring 
Close Plant 
Sells Assets 
Firm Targeted 
Firm Acquired 

Firm Headed Firm Not Headed 
by Founder CEO by Founder CEO 

40% 65% 
52% 64% 
15% 42% 
49% 20% 
19% 31% 
49% 20% 
18% 18% 
51% 73% 
48% 66% 
26% 29% 

Difference 

-25%” 
-12%” 
-27%” 
+29%6” 
-12%” 
+29%d 

0% 
-22%” 
-18%h 

3% 

a Significant at 1%. h Significant at 5%. 

turnover rates are similar to the rates at firms experiencing corrective governance 
actions. For example, Gilson (1989) reports that 52% of the top managers are 
replaced after the firm enters financial distress (the annual rate will be lower for 
CEOs). DeAngelo and DeAngelo (1989) find that 51% of managers lose their 
positions after a proxy contest; and John, Lang and Netter (1992) find that half 
the managers at firms that experience successful turnarounds were replaced 
during the turnaround. 

Differences in financial policies of founder vs. non-founder CEO-led firms 
provide an alternative explanation for the lower rate of CEO turnover in the 
founder firms. Table 2 presents evidence that the founder CEO firms have more 
conservative financial policies prior to being identified as a poor performer. As 
a consequence, founder CEO-led firms experience a significantly lower inci- 
dence of financial distress and bankruptcy (see Table 3). Further support for 
this possibility is found in Gilson (1989) and McNabb (1996) who find that the 
appointment of outsider CEO replacements is highly correlated with financial 
distress. 

The results presented in Table 3 also indicate that founder-led firms enjoy a 
superior financial position relative to non-founder-led firms. This conjecture is 
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supported by the following observations: incoming financier CEOs (i.e. CEOs 
with access to financial resources), replaced only 15% of the founders and 42% 
of the non-founder CEOs (significant at 1%). Only 5 1% of the founder CEO 
firms experienced financial distress compared to 80% for the non-founder firms 
(significant at 1%). Only 19% of the founder-led firms filed for bankruptcy 
protection vs. 33% for the non-founder firms (significant at 1%). Financial 
distress and poor operating performance motivates the restructuring of assets 
in 5 I %  of the founder firms and 80% of the non-founder firms (significant at 
1%). Both groups tend to close plants at the same rate, 18%; however, a higher 
percentage of non-founder firms sell assets (73% vs. 51%).h This difference is 
significant at 1% and may be due to the difference in the tinancial health of 
the two groups (see Table 2) rather than entrenchment effects. 

The results in Table 3 also indicate that founder CEO firms experience a 
lower threat from the market for corporate control, which may be the result of 
a higher degree of entrenchment at these firms. Outside groups targeted 48%) 
of the founder firms compared to 66% of the non-founder firms (significant at 
5%). In addition, the financial press indicated that about half of both targeted 
founder and non-founder CEO firms solicited offers from potential acquirers. 
For the entire sample, there are only five proxy contests (two at founder-led 
firms) and one led to a management change at a non-founder CEO firm. The 
lower targeting rates of founder-led firms by potential acquirers may well be 
due to the higher proportion of equity owned by those CEOs (see Table 5). Of 
those firms targeted, the similar percentages of acquisitions during the turn- 
around period may result from the poorer performance by founder tirms relative 
to non-founder firms. The poor operating performance by founders may have 
induced the founder-led firms to attract external managers wanting control 
in a friendly transaction, thus overcoming the control issues present when a 
CEO owns a high percentage of the firm’s shares. Our results show a greater 
divergence between firms headed by founders and non-founders compared to 
Denis and IQ-use (2000). Denis and Kruse find that firms that were less likely 
to he influenced hy the external market for corporate control restructured at the 
same rate as firms that were likely to be influenced by a takeover threat. We 
only find that supported in the rate that plants were sold by both groups. In 
partial asset sales, founders restructured less. One possibility is that restruc- 
turing activity is influenced by the firm’s level of financial distress and cash 
flow requirements since founder CEO firms in our sample had lower levels of 
financial distress. 

We find a market decline raises our CEO turnover rates but find no specific 
industry effect that differs between founders and non-founders in our sample. 
Since Mitchell and Mulherin (1996) document industry clustering in takeovers, 
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Table 4. CEO Replacements by ID Year and Industry. 

Founder and non-founder CEO replacements classified by the year in which the firms entered the 
sample and by industry classification. Month of replacement relative to the identification date (I 2/31 
of the ID year). 

Panel A. Replacement patterns by sample ID year 
Founder CEOs 

Total Founder Founder CEOs %  Founder ID vs. Average Month 
ID Date 12/31 CEOs CEOs Replaced CEOs Replaced Founder CEO Replaced 

1984 38 21 9 42.9% Xl.3 
1985 33 I5 4 26.7% -5.5 
1986 28 19 7 36.8% -0.6 
1987 29 18 9 50.0% +5.0 

Total/Average 12s 73 29 39.7% +0.6 

Non-Founder CEOs 

Non- ID vs. Average 
Total Founder Non-Founder %  Non-Founder Month Non-Founder 

ID Date 12/31 CEOs CEOs CEOs Replaced CEOs Replaced CEO Replaced 

1984 38 17 II 64.7% -3.0 
1985 33 18 11 61.1% -1.5 
1986 2x 9 6 66.7% -8.3 

1987 29 11 8 72.7% -2.3 

Total/Average t28 55 36 65.5% -3.3 

Panel B. CEO replacement patterns by four-digit SIC 

Founder CEOs 

SIC Code 
Total Founder Founder Median Month Average Month 
CEOs CEOs Replaced %  Replaced ReplaCed Founder Replaced 

1DooS II 8 
2000s 18 12 
3000s 47 20 
4OOOS 2 2 
5000s 16 11 
6000s 14 7 
7000s 16 10 
SODOS 4 3 

Total/Average 128 73 

5 
3 

10 
0 
4 

11 
6 
D 

29 

62.5% -1 0 
25.0% 12 6 
50.0% -1.5 0.4 

0.0% NA NA 
36.4% 3 2 

4.3% -9 -9 
60.0% 2.5 -0.5 

0.0% NA NA 

39.7% 2.0 0.6 
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Table 4. Continued. 

SIC co& 

Nnn- Non- 
Total Founder Founder Median Month Average Month 
CEOs CEOs Replaced %  Replaced Replaced Replaced 

1c)oos It 3 2 
2000s 18 6 3 
3000s 47 27 16 
4000s 2 0 0 
5000s lh s 2 
hO0f.k 14 I 7 
70005 I6 6 s 
XOOOS 4 I I 

TotaL’Average 12x 55 36 

6h.7C/o 
50.0% 
59.3% 

NA 
40.0% 

100.0~ 
83.3% 

100.0% 

65.5% 

-12 
2 

-2 
NA 
-3,s 
-1 

-12 
19 

-3.0 

-12.0 
-1.7 
-3.3 

NA 
-3.5 

1.3 
11.4 
19.0 

-3.3 

we want to determine whether the differences in CEO replacement rates are 
driven by differences in industry and/or sample year. Table 4 provides descrip- 
tive information regarding CEO replacements by entry year into the sample 
(panel A) and by industry (panel 3). Looking first at the replacements by year 
we see that there is substantial variation across the sample years in terms of 
the percent of the CEOs (founder and non-founder) that are replaced. However, 
the rates are similar when comparing founders to non-founders by year. The 
percentage of founders replaced in any given year ranges from 26.7% in 1985 
to 50% in 1987. The replacement percentages are lowest in 1985 (61.5%) and 
highest in 1987 (72.7%) for non-founder CEOs. This suggests that a general 
market correction may influence the turnover decision, given the higher rates 
in 1987. We use contingency tables to test whether the proportion of CEOs 
replaced varies by sample year and industry for the founder group and non- 
founder group. We find that both time and industry are important determinants 
of CEO replacements for each group. Next we evaluate whether both founders 
and non-founders share the same time and industry effects. For this test we 
analyze the CEO replacement rates of founders and non-founders by year and 
then by industry. Both tests indicate that there are no differences in CEO 
turnover rates for founders vs. non-founders across time or industry. Thus, even 
though there are significant calendar year and industry effects on the CEO 
replacements of founders and non-founders when analyzed independently, these 
effects are not different for the two groups of CEOs. 
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Our results indicate firms replaced non-founder CEOs one quarter earlier than 
founders relative to our sample entry date of poor performance. The final column 
in Table 4 contains the replacement month relative to the identification date 
(also the beginning of the turnaround period). The data displays when the CEO 
was replaced by sample year (panel A) and by industry (panel B).7 For example, 
in 1984, founder CEOs were replaced an average of 0.3 months before the iden- 
tification date compared to an average of 3 months before for non-founder 
C&OS. Non-founders CEOs were replaced earlier than the founder CEOs in 
both the calendar year comparisons and industry comparisons. We test whether 
the pattern of relative founder replacement months across time and industry are 
different for founders and non-founders using contingency tables. These tests 
indicate that the observed differences are indeed significant with founders being 
replaced later and in smaller proportions than their non-founder counterparts. 

Table 5 provides additional evidence that founder CEOs are entrenched. 
Specifically, founders and their boards own a larger fraction of their firm’s 
shares than their counterparts in non-founder CEO-led firms due primarily to 
the founder’s greater holdings. Approximately 44% of founder CEOs own more 
than 20% of the firm’s shares compared to only 31% of the non-founder CEOs. 
Moreover, fewer founder CEOs than non-founder CEOs, 31.5% compared to 
56%, hold less than 10% of the firm’s shares. A r-test of the difference in means 
for CEO holdings between founder and non-founder firms is significant at the 

Table 5. Insider Share Holdings at Founder and Non-founder CEO Firms. 

Equity holdings are for the CEO and the board of directors. Board holdings are reported without 
the CEO’s shares. 

CEO Equity Ownership Percentages 

20% or more 
lO%<x<20% 
Under 10% 

Firm Equity Ownership 

Percentage of 73 Percentage of 55 Non- 
Founder CEOs Founder CEOs 

43.8% 31.0% 
23.3% 12.7% 
31.5% 56.4% 

Founder CEOs Non-Founder CEOs 

Median CEO Ownership 
(difference p-value 0.00) 

Mean CEO Ownership 
(difference p-value 0.22) 

Mean CEO Ownership without top 10% tims 
(difference p-value 0.02) 

Mean Board Ownership without CEO Shares 
(difference p-value 0.93) 

17.5% 3.9% 

23.7% 18.9% 

17.8% 12.1% 

10.9% 11.6% 
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2% level even when the highly skewed top 10% of firms ranked by CEO share 
ownership are omitted (7 and 5 firms, respectively). Also the founder CEOs 
own twice as many shares as the rest of the board of directors. As a result of 
these share holdings and informal influence, we believe the board’s ability to 
censure founder CEO actions may be restricted. 

3.2 Shareholder Wealth and CEO Turnover 

To measure the valuation impact of new CEO appointments we calculate 
abnormal equity returns for CEO appointment announcements using the 
approach outlined in Dodd-Warner (1983). The event study results are based 
on clean samples of 27 founder CEO appointments and 36 non-founder CEO 
appointments. These announcements are free of any confounding news related 
to earnings, asset sales, operating performance, and financial distress from event 
day -3 to day +3. We estimate the parameters of the market model using returns 
for 110 to 11 trading days before the announcement of a CEO change. The 
announcement date represents the earliest mention of a manageria1 change in 
the CEO position found in The Wall Street Journal, The New York Times, or 
from any source in the L~&/Nexis database. 

Contrary to most previous research on forced CEO replacement, our event 
study evidence indicates that the replacement of a founder CEO decreases share- 
holder wealth around the date of the replacement. In Table 6 the Day (0, 1) 
cumulative prediction error of-3.81% is significant at the 1% level. This finding 
contrasts with Denis and Denis (1995) who find a +2.5% announcement return 
for CEOs fired after one year of poor performance; and Warner, Watts and 
Wruck (1988) who find forced turnover appointments have positive returns (but 
weak significance). This may be evidence of the loss of the founder’s expert 
knowledge, which complements Rosenstein and Wyatt’s (1997) study of insider 
board appointments or a possible signal that things are worse than previously 
recognized. They find that the market rewards insider director appointments at 
boards with high ownership. Rosenstein and Wyatt suggest that the value of 
expert knowledge will outweigh entrenchment effects; however, we cannot vali- 
date their conclusions for long-term performance in our sample. Shivrasani and 
Yermack (1999) find founders and CEOs with high share ownership more likely 
to appoint inside directors on their boards which become less likely to monitor 
the CEOs actions as a result. 

Another indication of the significance of our negative returns to announce- 
ments of founder CEO replacements is the fact that over half of the replacement 
CEOs are outsiders. In prior research outsider replacements have been associ- 
ated with a positive announcement effect. Hotchkiss and Mooradian (I 997) find 
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Table 6. Event Study Results for CEO Replacements. 

The event study method follows Dodd and Warner (1983) to calculate prediction errors and 
Z-statistics. P-values from a simple sign test (adjusted by a continuity correction factor) accom- 
pany the percentage of non-negative abnormal returns. Note that Wilcoxon sign-rank tests (not 
shown) yielded similar results. P-values calculated for two-tailed tests. These results are given for 
the first-time replacement of founder and non-founder CEOs. 

Panel A: Founder Replaced as Chief Executive Officer Day (0, 1) 

Mean Prediction Error %  
2 statistic 
P-value 
Median Prediction Error %  
Percent > 0 
Sign Test 
N 

-3.X1%0” 
-2.58 

0.0099 
-1.89% 

37% 
0.2652 

27 

Panel B: Appoint Founder as Chief Executive Of&w Day (0, 1) 

Mean Prediction Error %  
Z statistic 
P-value 
Median Prediction Error %  
Percent > 0 
Sign Test 
N 

~3.04% 
-0.74 

0.4593 
4.30% 

29% 
0.4497 

7 

Panel C: Replace Non-founder as Chief Executive Officer Day (0, 1) 

Mean Prediction Error %  
Z statistic 
P-value 
Median Prediction Error %  
Percent > 0 
Sign Test 
N 

3.21%h 
2.11 

0.0349 
-0.40% 

44% 
0.4795 

36 

il Significant at 1%. h Significant at 5%. 

abnormal returns of 6% (highly significant) for vulture investors named as CEO, 
Warner, Watts and Wruck (1988) report that the appointment of outsiders 
produces an abnormal return of 0.34% (significant at the 5% level). Reinganum 
(1985) provides similar results with significant abnormal returns near 2% for 
outsiders appointed as chief executive and for outsiders appointed at small firms. 
In addition, Weisbach (1988) finds significant abnormal returns of almost 1% 
for appointments by a board of directors with a majority of outside directors. 
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Finally, Bonnier and Bmner (1989) report abnormal returns of 5% for outsider 
CEO appointments at distressed firms (significant at 1%). 

Warner, Watts and Wruck (1988) suggest a possible explanation far nega- 
tive wealth effects of founder CEO replacements. They conjecture that the 
replacement of a founder CEO may signal that conditions have dramatically 
worsened and that future prospects are dim. This may well be a factor in our 
test sample. As we noted earlier in Table 2, our sample firms experience dete- 
riorating performance over the two-year period folIowing their inclusion in the 
sample of poor performers. 

Panel B of Table 6 gives the prediction errors for 7 of the 12X tirms in our 
sample that replaced the CEO with a founder or co-founder (in one case) seated 
on the board. The number of observations is very small, but these results suggest 
that the appointment of these seven founders does not increase shareholder 
wealth either. Again, this suggests that founder CEOs may not protect minority 
shareholders when firms are in operational and/or financial distress. 

The results found in Panel C of Table 6 suggest that positive investor reac- 
tion to the first replacement of 36 CEOs at non-founder firms results from 
effective governance and forecasts an improvement in performance under the 
new CEO. The 3% prediction errors are positive and significant at the 5% level 
for the day (0, I) returns. These non-founder CEO replacement results agree 
with earlier forced turnover research.# 

We also analyze the cross-sectional variation in abnormal returns using 
regression analysis. The independent variables include firm size, the use of 
financial leverage, operating efficiency, insider ownership, CEO replacement 
characteristics, and the incidence of financial distress. However, the explana- 
tory power of these factors is very low and consequently these rest&s are not 
presented here. 

3.3 CEO Tumnver and Long-term Market Perf2wmanc.e 

If chief executives are responsible for poor performance and if corporate boards 
can identify good replacement managers and carry out the replacements in a 
timely manner, then management turnover should produce positive Iong-term 
returns for shareholders. Two measures of long-term performance are consid- 
ered: the two-year buy and hold, market-adjusted stock returns in Tables 6 and 
7; and, the operating efficiency ratio in TabIes 8 and 9. 

We examine our sample’s two-year turnaround period market-adjusted return 
in Table 7. Our results are striking in that the average two-year abnormal returns 
for the entire sample and for every subgroup are negative. Furthermore, the 
tirms that did not change CEO have better turnaround equity returns by a margin 
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Table 7. Two-year Market-adjusted Equity Returns. 

Long-term performance is measured as the market-adjusted holding period return far the two years 
following the year in which the firm is identified as a poor performer (the ID date). 

Percent Positive Returns Median Buy and Hold Returns 

Founder CEO AH 27.4% -34.9% 
Non-founder CEO - All 27.3% -33.3% 
Founder CEO Change 14.3% -56.9% 
Non-founder CEO Change 25.7% -38.1% 
Founder CEO - No Change 35.6% -25.9% 
Non-founder CEO - No Change 30.0% -17.5% 
Founder Names Replacement CEO 7.7% -29.3% 
Founder Stays to Year +2 8.3% -52.6% 

of at least 20%. This suggests that replacement doesn’t occur when there is an 
expectation of some recovery. The firms that retain founder CEOs have lower 
turnaround period equity returns than firms that retain non-founder CEOs. The 
median market-adjusted returns for the two groups are -25.9% and -17.5%, 
respectively. Looking at the percentages, firms that changed founders had only 
a 1 in 7 chance of exceeding the market return over two years compared to a 
1 in 4 chance at firms that changed non-founder CEOs. The results are worse 
if the founder stays throughout the turnaround period or names the CEO 
successor: only 1 in 12 of these firms have positive market-adjusted returns. 

To identify factors associated with an increase in long-term shareholder 
value, we use the firm’s two-year turnaround period stock return as the depen- 
dent variable in a cross-sectional regression analysis (reported in Table 8). 
Accounting data for the independent variables are measured on the identifi- 
cation date (or nearest date to it in the prior period) for the 73 founder-led 
firms. For those firms that appointed a second CEO of different origin and 
type during the turnaround period, CEO origin and type indicator variables 
are coded for the CEO in place over the last 12 months or for the CEO in 
office at least 18 of the 24 turnaround months. For the one firm that did not 
meet either CEO tenure requirement, we used the last CEO appointment in 
the regression tests. 

The full model for stock return and operating performance tests is defined 
as follows: 

LTPer-jiomnce = (Y + B , (Operating E#kiency) + B, (Lotrage) + B,? (Size) 
+ B, (B/M) + B, (CEO Change After Financial Distress) 
+ 3, (CEO Shares) + 3, (Nun-CEO Shares) 
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Table 8. Determinants of Long-term Equity Returns at Founder Firms. 

Cross-sectional OLS regressions of 73 firms using accounting data at the market distress identifi- 
cation date to analyze two-year buy and hold excess returns. Replacement indicator vtiahles coded 
I (otherwise 0) if founder was replaced, if the replacement CEO was an officer or an outsider. if 
the founder left the board prior to a merger or the end of the two-year turnaround period, and if 
the founder names the replacement CEO. P-values are calculated for a two-tailed test using an 
asymptotic covariance matrix to determine the White (1980) heteroscedastic correction factor to 
the rGzst. 

Two Year Turnaround Period Buy and Hold Market-adjusted Return as Dependent Variable 

Explanatory Variable 

1 2 
Coefficient Coefficient 
(f-value) (P-value) 

Intercept -0.4224 
(O.ooXY) 

Operating Income/Assets 0.6575 
(0.1141) 

Founder Leaves Board Prior. 0.4688 
to Year +2 or Merger (0.0770) 

Founder CEO Replaced -0.7947 
(0.0037) 

Founder Replaced by 
Outsider as CEO 

Founder Replaced by 0.5527 
Officer as CEO (0.06 I I} 

Founder Names Replacement 
CEO 

CEO Sharrs 0.5369 
(0.1843) 

Targeted Year -2 to +2 0.5167 
(0.004 1 ) 

Acquired by Year +2 

-0.4014 
(0.0132) 
0.64 18 

(0.1223) 
037.59 

(0.1478) 
-0.2682 
(0.3135) 
-0.5 145 
(0.07001 

-0.4221 -0.2462 -0.2465 
(O.OI 1 I) (0.1024) (O.U981) 
0.421x 0.s74.5 0.7283 

(0.31 X3) IU.1746) (0.0909) 
0.44 I I 0.3763 0.4.597 

(0.1 144) (0.16X0) (0.0954) 
-0.6853 -0.4803 -0.71 I6 
(0.0294) (0.0435) (0.0 108) 

0.4842 
(O.llU4) 

0.4487 
(0.270.5) 
05134 

(0.00431 

0.2399 
(0.4434) 
05082 

(0.2206) 
0.5167 

(0.W) 

0.3315 
(0.440) 

0.3766 
(0.0798J 

Model Statistics: N= 71 

Adjusted R-square 0. I665 0.1636 
F value 3.39693 0.347$3 
Probability > F 0.0056 0.006 1 

” Signiticant at I%, h Significant at So/c, X Significant at 10% 

0.1337 0.081 x 
0.22342 0.28342 
0.01 IS 0.0561 

0.3 I YX 
(0.4589) 

0.3978 
(0.0621) 

I). 1035 
0.3854 
0.0380 

Model 

3 4 5 
Coefficient Coefficient Coefficient 
(P-value) (P-value) (P-value) 

-t B, (CEO rrplucemenr chcrracteristics) + B, (Target or 
Acquired) 
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Due to limitations of sample size we only present results using six of the factors 
at a time for the 73 founder led CEO firms. Further, we recognize that changes 
in operating and financial risk over the two-year turnaround period may obscure 
the impact of these relationships. We use buy and hold equity returns in our 
tests to measure long-term stock performance rather than cumulative abnormal 
returns. Kothari and Warner (1996) and Lyons and Barber (1996b) argue that 
buy and hold returns reduce the positive bias found when using long-term cumu- 
lative abnormal returns. 

Elements of the model and their definitions are shown below. 

Term Definition 

LTPerfomnce 

a 

BN 
Operating Eficiency 
Leverage 
Size 
E/M 
CEO Change After Financial Distrem 

CEO Shares 
Non-CEO Shares 

CEO replacement characteristics 

Target or Acquired 

No Asset Restructuring 

Financial Di.wess 

Two-year buy and hold AMEX/NYSE market-adjusted 
return (Table 8) or the Year t2 operating income 
divided by assets ratio (Table IO). 
The intercept term. 
The coefficients for the independent variables. 
Operating income divided by assets. 
Long-term debt/(total debt+market value of equity). 
The natural log of the market value of equity. 
The book to market value of equity ratio. 
An indicator variable equal to 1 if CEO change occurs 
within six months following entry into financial distress. 
Proportion of equity ownership of the chief executive. 
Proportion of board equity ownership less the CEO’s 
shares. 
(i) An indicator variable equal to 1 for replacement by 
an outsider or officer. (ii) An indicator variable equal 
to 1 if founder names his replacement or leaves prior 
to end of Year +2 or a merger. 
An indicator variable equal to 1 if firm is targeted during 
the period of study (Year -2 to Year +2i or acquired 
by Year +2. 
An indicator variable equal to 1 if firm does not sell 
assets, close plants or layoff 15% or more of its work- 
force. 
An indicator variable equal to 1 if firm experiences 
iinancial distress during the period of study (Year-2 to 
Year +2). 

The intercept values are negative and statistically significant in all the regres- 
sion models reported in Table 8. Thus, absent the effects of the independent 
variables, our sample experiences negative abnormal returns over the two-year 
market distress period. This finding is similar to Warner, Watts and Wruck 
(1988) who find that stock returns actually decline by 15% over the year 
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following a forced CEO turnover. Denis and Denis (1995) report one-year 
market-adjusted returns of -23% for their forced turnover sample compared to 
+6% after normal CEO turnover. They attribute the positive returns to corpo- 
rate control activity. Finally in Khanna and Poulsen (1995), firms with 
management turnover prior to filing bankruptcy have negative returns and do 
not outperform distressed firms that retain current managers. 

Table 8 reveals that firms replacing a founder CEO have dramatically reduced 
two-year market-adjusted stock returns during the turnaround period. The coef- 
ficients for the founder replacement indicator variable (-0.3 to -0.8) are negative 
and significant in four of the five regression models. This indicates that founder 
replacement is inversely correlated with long-term performance and may predict 
poor performance. The firms replacing founders usually had high levels of debt 
which may cause the poor long-term performance. Warner, Watts and Wruck 
(1988) and Denis and Denis (1995) also report that forced CEO replacements 
are not associated with improvements in long-term stock returns. When the tirm 
appoints an outsider, returns are significantly negative with a similar coefficient 
(-0.5145). McNabb (1996) finds that financially distressed firms are more likely 
to appoint outsiders and they are less likely to recover long-term stock value. 
Furthermore, we find that if the firm appoints an officer as successor, the firm 
experiences significant, positive returns with a coefticient of 0.5527. 

Note that while replacing a founder as CEO has negative consequences, if the 
founder leaves the board of directors during the turnaround period (often before 
an acquisition), then long-term stock returns are very positive. Coefficients on this 
variable range from 0.37 to 0.47 and usually have statistical significance. This 
result is consistent with the notion that by removing the founder from the board, 
value-maximizing decisions, such as the sale of the firm, may be more easily 
implemented. The results when an outsider is appointed to replace a founder 
suggests that outsiders are more likely to protect minority shareholder interests. 

3.4 CEO Turnover and Long-term Accounting Peflormuncc 

Founder incumbency lowers long-term turnaround operating performance in 
addition to long-term equity returns. The results in Table 9 indicate that founders 
reduce operating performance. While overaIl founder and non-founder firm 
performance is nearly identical in the identification year (Panel A), non-founder 
accounting performance improves during the two-turnaround years (Panel B). 
Firms headed by founders do not show any improvement (Panel C). Non- 
founder firms recover approximately nine percentage points in operating 
performance either at firms retaining CEOs (from -2% to +X%) or replacing 
CEOs (from -7% to +2%). 
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Table 9. Differences in Operating Performance: Founder vs. Non-founder CEOs. 

The t-tests correspond to differences in means of operating efficiency ratios within and between 
the identification year and year +2. Medians and percent positive are also provided. P-values are 
calculated for a 2-tailed test. 

Panel Al 
Non-founder vs. Founder CEO in ID Year 

Full Sample Non- Founder 
(N = 55,72) Founder 

Mean 4.055 Al.040 
P-value 0.6378 

Difference 
Median 4l.016 0.002 
Percentage 47% 49% 

Positive 

Panel 31 
CEO Change at Non-Founder Firm over 2 Years 

(N = 35,29) ID YEAR YEAR +2 

Meanh -0.073 0.017 
P-value 0.0219 

Difference 
Median -0.043 0.030 
Percentage 37% 59% 

Positive 

Panel Cl 
CEO Change al Founder Firms over 2 Years 

(N = 35,29) ID YEAR YEAR +2 

Mean Al.030 -0.036 
P-value 0.9286 

Difference 
Median -0.057 0.03 1 
Percentage 436 54% 

Positive 

Panel Dl P-values of Yearly t-tests 
Non-Founder w. Fuunder Firms: CEO Change 

Panel Bl vs. Cl ID YEAR YEAR +2 

P-value Difference 0.3331 
CEO Change 
P-value Difference 0.3308 
CEO Change 

Panel A2 
Non-founder vs. Founder CEO in Year +2 

Full Sample Non- Founder 
(N = 48,65) Founder 

Meanb 0.041 -0.031 
P-value 0.0521 

Difference 
Median 0.036 O.W8 
Percentage 63% 52% 

Positive 

Panel B2 
No CEO Change al Non-Founder Fum over 2 Years 

(N = 20,19) ID YEAR YEAR +2 

Mean’ XI.023 0.078 
P-value 0.0764 

Difference 
Median 0.025 0.055 
Percentage 65% 70% 

Positive 

?anel C2 
Nu CEO Change at Founder Forms over ? Years 

(N = 20.19) ID YEAR YEAR 42 

Mean a.020 -0.029 
P-value 0.8432 

Difference 
Median 0.012 0.005 
Percentage 53% 50% 

Posjtive 

Panel D2 P-values of Yearly 1-11a 
Non-Foundsr vs. Founder Finns: Nu CEO Change 

Panel B2 vs. C2 ID YEAR YEAR +2 

P-value Difference 0.9392 
No CEO Change 
P-value Difference 0.0752 
No CEO Change’ 

L Significant at l%, h Significant at 5%. c Significant at 10%. 



Managerial Entrenchment and Internal Govemanc~e Mechanisms 51 

Panel D gives the p-values for t-tests of the differences in operating perfor- 
mance between founder and non-founder firms for the two years prior to the 
identification date and the two subsequent turnaround years. The cost of founder 
entrenchment is evident in panel D2. The firms that chose to retain non-founder 
CEOs significantly outperform (p-value of 0.0752) those tirms that retain a 
founder CEO by more than ten percentage points in Year +2 with operating 
efficiency ratios of -2.9% vs. +7.8% and 70% positive (compared to 50% for 
founder CEO firms). 

In Table 10 we use operating efficiency (measured by the ratio of operating 
income to total assets) in year +2 to study factors that determine long-term 
accounting performance. The identification date (Year 0) operating efficiency 
ratio is the best predictor of the Year +2 operating efficiency ratio and is signif- 
icant at I%. These results also indicate that, in contrast to the long-term stock 
performance, the replacement of a founder improves Year +2 accounting perfor- 
mance with coefficients near 0.15 and a significance level of 10%. Previous 
research results are mixed: Hotchkiss and Mooradian (1997) and Denis and 
Denis (1995) find slight operating improvements after vulture CEO appoint- 
ments and forced CEO turnover, respectively. However, both Khanna and 
Pot&en (1995) and Murphy and Zimmerman (1993) do not find improvements 
in operating performance around CEO changes. The fact that the performance 
differs among founder and non-founder firms where both have high levels of 
officer and director ownership supports Loderer and Martin’s (1997) contention 
that board equity ownership does not explain performance differences. The inex- 
plicable finding is that founders with high shareholdings do not seem to 
primarily concerned with maximizing minority shareholder value. 

Note that if the founder names his replacement, accounting performance actu- 
ally deteriorates (coefficient near 4.17 and significant at 10%). This suggests 
that entrenched founders at poor performers may adversely impact firm perfor- 
mance even when they give up their CEO title where they control the naming 
of their successor. This result supports the conclusions reached by Merck, 
Shleifer and Vishny (1988) that family ownership and founder CEO status create 
an important source of agency costs. 

Our results also show that costly asset and liability restructuring lowers 
operating performance during a turnaround attempt. Table 10 indicates that 
financial distress impairs future accounting performance and firms that do not 
require any asset restructuring have better accounting performance. It is possible 
that poor performers that used financial leverage to grow the firm may have 
over-invested. Finally, firms that are targeted or acquired do not experience 
improved accounting performance within two years. This suggests that even 
when subject to the external market for corporate control, these firms do not 



52 MARK M. McNABB AND JOHN D. MARTIN 

Table IO. Determinants of Year 2 Operating Efficiency at Founder Firms. 

Results of cross-sectiona OLS regressions based on 69 firms using accounting data at the market 
distress identification date to analyze operating efficiency (operating income/assets) in the second 
year after the identification date. Replacement indicator variables coded I (and 0 otherwise) if 
founder was replaced, if the replacement CEO was an officer or an outsider, if the founder left the 
board prior to a merger or the end of the two-year turnaround period, and if the founder names 
his replacement. P-values arc calculated for a two-tailed test using an asymptotic covariance matrix 
to find White’s heteroscedastic correction factor to the OLS t-test (1980). 

Turnaround Period Operating Income/Assets in ID Year +2 as Dependent Variable 

Model 

Explanatory Variable 

I 2 3 4 5 
Coefficient Coefficient Coefficient Coefficient Coefficient 
(P-value) (P-value) (P-value) (P-value) (P-value) 

Intercept 

Operating Income/Assets 
at Year 0 (ID Year) 

Founder Leaves Board Prior 
to Year +2 or Merger 

Founder CEO Replaced 

Founder Replaced by: 
Officer (Model 2) 
Outsider (Model 3) 

Founder Names 
Replacement CEO 

CEO Shares 

Targeted Year-2 to +2 

Acquired by Year +2 

No Asset Restructuring 

Financial Distress 

Model Statistics: N = 69 

Adjusted R square 
F value 
Probability > F 

a.0312 -0.0414 
(0.4956) (0.3263) 
0.6542 0.6925 

(0.oool) ~0.000l) 
4.0930 -0.095 I 
(0.0770) (0.2954) 
0.1561 0.1032 

(0.1259) (0.3327) 

4.0408 
(0.3339) 
0.6873 

(O.ooftl) 
41006 
(0.2682) 
0.2202 

(0.0830) 

-0.1019 
(0.0293) 
0.5740 

(0.000l) 
4.1113 
(0.2065) 
0.1611 

(0.1003) 

0.0194 
(0.6336) 
0.5740 

(0.0001) 
-0.1113 
(0.2065) 
0.1611 

(0.1003) 

-0.1858 
(0.0676) 
0.0567 

(0.6770) 

0. I326 -0.1199 
(0.2063) (0.2327) 

-0.2122 -0.1994 
(0.0588) (0.0684) 

4.1686 
(0.0799) 

-0.1686 
(0.0799) 

0.0239 0.0226 
(0.6835) (0.7003) 

PO.0665 
(0.3287) 

0.1212 
(0.0305) 

-0.1212 
(0.0305) 

0.2414 0.2509 0.2488 0.2962 0.2962 
4.6073 4.7959 4.7534 6.7227 6~7227 
0.0006 0.0004 0.0005 0.0001 0.000I 

3 Significant at 156, ’ Significant at 5%. ’ Significant at 10%. 



show significant operating performance improvements and perhaps are attrac- 
tive potential acquisition targets for other reasons. 

4. CONCLUSIONS 

Pounders do not choose to maximize minority shareholder value despite their 
large shareholdings. Previous studies of the effectiveness of internal monitoring 
systems for disciplining corporate managers are mixed. We examine the effec- 
tiveness of internal governance mechanisms by comparing the experiences of 
two groups of firms that had recently experienced a two-year period of market 
performance that ranks thetn in the bottom 50/o of all AMEX and NYSE firms. 
The resulting set of 12X poor performing firms is comprised of 73 founder 
CEO-led firms for which the external market for corporate control is constrained 
and 55 firms that a non-founder CEO. The proportionate number of founder 
CEO-led firms in the sample of poor performers is almost ten times that of 
broad based studies of CEO turnover and suggests that founders possess the 
power to hold on to their jobs longer than their non-founder counterparts in 
the face of very poor performance. 

A comparison of CEO turnover for the two groups showed that the founder 
CEO firms were indeed less likely to be subjected to the disciplinary forces of 
either the external or the internal market for corporate control. In fact, the 
turnover rate for CEOs in the non-founder firms was 50% higher than that of 
the founder CEO group. The likelihood that the firm would be targeted for 
takeover was 35% higher for the non-founder CEO firms, We believe one likely 
reason for these differences is due to a median CEO share ownership differ- 
ences for the two groups. The median share holdings of the founder CEOs are 
more than four times that of the non-founder CEOs. 

Replacing a founder CEO is not sufticient to guarantee an improvement in 
operating performance or to increase stock value over the ensuing two-year 
turnaround period. This finding is consistent with recent research into the longer- 
term wealth effects of management turnover. It appears that either founders or 
their replacements do not matter and that the governance process that can force 
a change in CEO is ineffective during our two-year turnaround period. We find 
that replacing a founder as CEO increases stock returns only when the founder 
is removed from the board. However, the replacement of a non-founder CEO 
receives a positive reaction from investors, We also find that retaining a founder 
CEO during the turnaround period results in lower operating performance 
compared to non-founder CEOs. More importantly, we find the largest increases 
in shareholder wealth during a period of active corporate control activity are 
linked to the market for corporate control. By assessing the limited effect on 
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performance after CEO turnover of founders and non-founders, we conclude 
that efforts to initiate corporate renewal through the replacement of the CEO 
by internal governance efforts of boards are not an effective substitute for the 
external market for corporate control. This is especially true in the case of 
highly entrenched managers such as founder CEOs. 

NOTES 

1. Jensen (1993), Weisbach (1988). 
2. Bonnier and Bruner (1989), DeAngelo and DeAngelo (1989), Dodd and Warner 

(1983), Gilson (19X9), Hot&kiss and Mooradian (1997). John, Lang and Netter (1983), 
Merck, Shleifer and Vishney (1989), Warner, Watts and Wruck (1988). 

3. Hirshleifer and Thakor (1994), Kini, Kracaw and Mian (1995), Mikkelson and 
Partch (1997). 

4. Kini et al. (1995) provides evidence of the interplay between internal (board) and 
external (market for corporate control) governance mechanisms. They find that CEO 
turnover following a takeover is inversely related to prior target performance for firms 
with insider dominated boards, but not for firms with outsider dominated boards. 
Furthermore, Brickley and James (1987) find that in banking the internal and external 
sources of corporate governance are substitute devices for controlling management 
behavior. 

5. They found that during the active takeover period (1984-1988) that firms in the 
lowest quartile of performance experienced a 33% turnover rate and that during the less 
active takeover market period (1989-1993) the corresponding turnover rate dropped to 
only 17%. 

6. In their study of forced CEO turnover, Denis & Denis (1995) also find an 18% 
rate for plant closings and a 60% (compared to our 59%) rate for asset sales over a 
three-year period. 

7. The Appendix contains the raw data for the relative replacement month on each 
sample company. 

8. See Denis and Denis (1995), Warner, Watts and Wruck (1988) and Hotchkiss and 
Mooradian (1997). 
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APPENDIX: SAMPLE COMPANIES 

The ID year represents the end of a two-year period during which time the firm 
has performed in the bottom 5% of all AMEX and NYSE firms (see Fig. 2). 
CEO Origin indicates whether the CEO is also the company founder. The Month 
CEO Replaced corresponds to the month in which the CEO was replaced 
relative to the end of the ID year. 

Name industry SIC 
CEO Month CEO 

ID Year Origin Replaced 

Acton Corp Cable 6199 85 
AIC Photo Photo 5040 84 
Alfin Inc Fragrance 2844 87 
Allis Chalmers Agriculture Equip 3520 85 
Altex Industries Oil, Gold 1311 85 
Amer. Medical Bldg Medical RE 1.540 84 
American Plan Insurance 6331 84 
American Technical Ceramics Elec components 3670 87 
Amfesco Industries Inc Clothes (shoes) 2320 85 
Anacomp Computers 3861 84 
Anderson Jacobson Computers 3661 84 
Astrex Inc Elec Distrib 506.5 x7 
Astrotech International Space, Steel 7600 86 
Audio Video Affiliates lnc AV retailer 573 1 87 
Beker Industries Fertilizers 2870 x5 

Founder 
Founder 

Founder 

Founder 
Founder 

Founder 
Founder 
Founder 
Founder 
Founder 

-1 
10 
12 

-1s 
-15 

9 

4 
3 

-6 
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Name Industry SIC ID Year 

Bowmar Instrument Cot-p 
CM1 Carp 
Cardis Carp 
Care Enterprises 
CMX Carp 
Colcco Industries Inc 
Commodore Cp 
Computervision 
Conner Corp 
Consolidated Oil &  Gas lnc 
Cook IJnited Inc 
Cullinet Software Inc 
De Laurentiis Entmt Group 
De Rose Inds lnc 
Ekco Group lnc 
Electra Audio Dynamics Inc 
Electronics Assoc 
RlGKtre cctql 
Enginccrcd Systems &  Dev 
First City Industries Inc 
Floating Point Sys Inc 
Fresrnius 
GCA Carp 
Grmco National 
General instrument 
Geniscn 
Genrad lnc 
Gnc 
Golden West Homes 
Graham Field Health Prods 
Greenman Brothers Inc 
Hall Frank B  L Co Inc 
1 lcalth Professionals lnc 
Helionedcc Inc 
Hesston carp 
Howe Kichardson lnc 
ICO Inc 
IRT Cnrp 
Ideal Basic Industries 
Intermedics 
Interregional Finance 
lntl Thoroughbred Breeders 
Key Energy Group 
LTV Carp 

Electronics 3824 
Paving 353 1 
Auto Parts 3309 
Nursing Home X051 
Fi lm 3X61 
TOY 3949 
Mobile Homes 245 1 
Computer contmls 3571 
Mobile Home 24.5 1 
Oil 1311 
Department Stores 5331 
Computers 7372 
Fi ltn 7812 
Mobile Home 245 I 
Computers 3460 
Computers 5122 
Nut lear 3670 
Casino 7990 
Engineering 3.554 
Conglomerate 3960 
Supercomputer 3.571 
Medical 3x41 
Semiconductors 3559 
Construction 6799 
Semiconductors 36htl 
Computers 3577 
Semiconductors 382.5 
Vitamins 5400 
Mobile Homes 245 1 
Health Cam xl47 
Toy 5090 
Insurance 641 I 
Health Temps X01 I 
DCfCllSC 3679 
Agricultural Equip 3523 
Manufacturing 3590 
Oil Service I389 
Defcn.sc Elect 3x44 
Cement 3241 
Medical 3845 
Finance 621 I 
Horse Racing 7948 
Oil. Banking 13x1 
Steel 3312 

Major Group lnc Real Estate 6531 

x7 
86 
Y7 
87 
84 
87 
84 
x5 
X6 
Rh 
x.5 
86 
87 
x5 
x5 
x5 
x4 
x5 
X6 
X6 
$7 
x4 
xs 
xs 
84 
84 
85 
84 
x4 
86 
87 
87 
X6 
RS 
$5 
86 
X6 
87 
x5 
x4 
$4 
X6 
gs 
xs 
87 
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CEO Month CEO 
Origin Replaced 

Founder 

Founder 

Founder 
Founder 

Founder 
Founder 
Founder 

Founder 
Founder 

Founder 
Founder 

Founder 

Founder 

Founder 
Founder 

Founder 
Founder 

Founder 
Founder 

-1 
14 

-3 
5 
2 
1 

22 
-3 
-4 

2 

2 

-IS 
4 
-7 

-1.3 
IS 

2 

I6 

-IO 
-1 I 

4 

-12 
3 

-3 

-20 
I 

5 

17 
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Name 

MARK M. McNABB AND JOHN D. MARTIN 

CEO Month CEO 
industry SIC ID Year Origin Replaced 

Marlton Technologies Telephone 
Mary Kay Inc Cosmetics 
Matrix Carp Nj Electronics 
Mclean Industries Inc New Sea Transit 
Metropolitan Circuits Inc Semiconductors 
Mhi Group Funeral Homes 
Mission Insurance Insurance 
Mile1 Phone 
Mountain Medical Medical 
MS1 Data Cp Computers 
Murphy Industries Automotive 
Nantucket Industries Inc Clothing 
National Mine Svc Co Mining 
Nelson LB Real Estate 
New Valley Phone. Comms 
Nutrisystems Food Products 
Omnicarc Medical 
PSE Inc Engineering 
Pathe Communications Carp Fi lm 
Penril Datacomm Networks software 
Petro Lewis Carp Oil 
Pica Products Cable 
Pioneer Systems Parachutes 
Plymouth Rubber Inc Shoes, Tape 
Pope Evans &  Robbins Clothes, Fabrics 
RB Indushies Inc Furniture 
Ranger Oil Ltd Oil 
Resorts International Inc Casinos 
River Oaks Inds Inc Mobile Homes 
Robertson Ceco Carp Manuf, Chem 
Robins A  H Inc Drugs 
Sandy Carp Training Mktg 
Science Mgmt Computers 
Scientific Leasing Inc Finance Leasing 
Seaport Corp Automotive 
Security Capital Carp De Finance, RE Lease 
Sierra Health Svcs Inc Health 
FounderSierra Spring Water Co Beverage H,O 
Spendthrift Farm Inc 

Engineering 

Horse Racing 
SplenKharter Co Insurance, Oil 
Sterling Software Computers 
Techamerica Biotech Vaccines 
Technodyne Inc Medical 
Telespherc lntl Phone 
Tenney Engineering Inc 

7389 
2844 
3861 

3569 

1531 
3672 
7200 
6331 
3661 
3842 
3575 
3690 
2320 
5063 
6552 
6099 
7200 
6324 
8711 
7812 
3576 
1311 
3663 
3944 
3069 
2330 
5712 
1311 
7990 
$020 
3448 
2834 
7812 
8742 
7350 
5013 
6411 
6324 
2086 
7948 
7822 
7372 
2834 
5122 
4813 

87 
84 
87 
86 
86 
84 
84 
84 
84 
84 
85 
87 
86 
84 
84 
84 
84 
87 
87 
86 
85 
84 
85 
87 
84 
85 
85 
87 
86 
86 
86 
87 
84 
86 
85 
86 
86 
87 
86 
84 
84 
84 
85 
84 
87 

Founder 
Founder 
Founder 
Founder 
Founder 

Founder 
Founder 

Founder 

Founder 

Founder 

Founder 
Founder 
Founder 

Founder 

Founder 

Founder 

Founder 

Founder 

Founder 
Founder 

-1 

-13 
-13 
-IO 

-5 
9 

4 
4 

3 
-12 

-6 

-20 
4 
-3 

-16 

12 
-12 

4 
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Name 

TCXSCXl  

Thor Energy Res Inc 
Three D Depts Inc 
Tidewater Inc 
Tie Commun 
Torntel Inc 
UNA Steel 
United Merchants &  

Manufacturing 
Valert, Energy 
Verit Industries Inc 
Vintage Enterprises 
Virology Testing 
Wehcnr Electronics 
Wespercnrp 
Westbridge Capital Carp 
Western Co Of N. America 
Western Health Plan Inc 
Wheeling Pittsburgh 
Wilson Brothers 
Winjak Inc 
Wurltcch Industries 
Zapata Corp 
Zenith Laboratories Inc 

Industry SIC ID Yea 

Cable 382.5 84 
Oil 1311 86 
Bathroom Products 5700 8s 
Tugs, Shipping 4400 86 
Phone 3661 x4 
Computers 3677 X6 
Steel 505 1 xs 

Clothing 2200 x7 
Oil 2411 x4 
Elec - Spkrs 1531 x7 
Mobile Home 2451 x5 
Phone 3575 84 
Phone 3661 84 
Ccrmputers 7372 84 
Finance 622 I 86 
Oil 1389 8.5 
HMO 6324 x7 
Steel 3312 x5 
Clothes 3231 x5 
Clothing 5621 x7 
Pianos 3949 85 
Oil 2il40 X6 
Generic drugs 2834 87 

59 

CEO Month CEO 
Origin 

Founder 

Replaced 

13 
-20 

Follnder 
Follndcr 
Founder 
Founder 

Founder 

Founder 
Founder 

Founder 

8 

14 

-5 

-6 
-9 
-I 

12 

4 
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ABSTRACT 

This study examines the ejject ?f several f&tars causally ussuciuted with 
CEO compensation on firm performance. Previous studies of the u,s.sacia- 
lion between CEO oompmsution and firm performance Iarked suSJicien( 
use of control variables in thr examination of this association. This study 
used a comprehensive rneasarc of firm pe@+manoe (the relative EXWSS 
value ratio) that has not previously been used in this context. The results 
indicate that: (i) short-temz CEO compensation has a stronger pmsitivtr 
associution with firm per-ormunce (us measured by the relative excess 
value t-&o) than long-temz CEO compensation; (ii} market-based long- 
term CEO compensation has u stranger positive ussociation with firm 
perjormance than uccnunting-based long-term CEO compensation; and 
(iii) CEO stock options are more positively related to the firm perfh-mancr 
than restricted stock CEO UJr~pPnSdOn. 
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1. INTRODUCTION 

The objective of this paper is examine whether CEO (Chief Executive Officer) 
compensation plans provide the CEO with an incentive to maximize shareholder 
wealth. Studies of the relationship between management compensation and firm 
performance generally indicate that management compensation depends upon 
firm performance, e.g. CEOs are rewarded for taking actions that benefit 
shareholders (Murphy, 1985; Coughlan & Schmidt, 1985; Antle & Smith, 1986; 
Jensen & Murphy, 1990; Ely, 1991; Riahi-Belkaoui, 1992; Mehran, 1995; Baber 
et al., 1996, Vafeas & Afxentiou, 1998; Veliyath, 1999). 

Previous studies have provided useful insights into the structure of CEO 
compensation plans and their incentive effects. One important concern with the 
previous studies is the direction of causality, i.e. whether change in firm 
performance was influenced by change in CEO compensation, or vice versa. 
Results of prior studies have been contradictory. The lack of consistency of 
previous studies is related to problems associated with control of variables 
affecting firm performance. 

Stock market performance, as discussed and used in the prior studies, appears 
to be an appropriate measure of CEO performance when considering the 
objective of shareholders. However, it is an imperfect measure of CEO’s 
individual performance since stock market performance is influenced by many 
other factors which are usually beyond the control of the CEO. For this reason, 
previous studies have used both accounting measures of performance and stock 
market performance since accounting measures of performance contain valuable 
information relevant for evaluating the performance of a CEO (Murphy, 1985; 
Lambert & Larcker, 1987; Jensen & Murphy, 1990; Riachi-Belkaoui, 1992; 
Callahan & RutIedge, 1995). 

Since previous studies failed to control for firm-related factors which affect 
firm performance, the results of those studies may actually overestimate the 
relationship between the CEO compensation and firm performance. This study 
examines the relationship between CEO compensation and firm performance 
after controlling for those factors which may affect firm performance. In order 
to control for the firm-related factors, the relative excess value ratio 
(Thomadakis, 1977) was used as a measure of firm performance. Prior studies 
have focused on one component of CEO compensation plans to the exclusion 
of other components or the aggregate of all components of CEO compensation 
plans. Prior studies, however, have not examined the various components of 
CEO compensation plans simultaneously. 

This study addresses three primary issues. First, the economic trade-off 
between short-term and long-term CEO compensation plans is examined. 
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Second, the question of whether accounting-based long-term compensation plans 
can he more useful than market-based long-term compensation plans for outside 
shareholders is addressed. Third, the paper investigated the question whether 
stock options can contribute more to fnm performance than restricted stock 
plans. 

The results of this study confirm most prior research findings that tirm 
performance is positively associated with the level of CEO compensation. 
However, the most interesting results were derived from the simultaneous 
consideration of severa factors related to which types of compensation are most 
strongly associated with firm performance. This study supports the contention 
that long-term (as opposed to short-term), accounting-based (as opposed to 
market-based) CEO compensation is most useful for outside shareholders. 
Further, the study found that CEO stock options also provide more benefits to 
shareholders that CEO restricted stock compensation. 

The remainder of this paper is structured as follows: The next section presents 
related literature review, and Section 3 covers the formulation of the hypotheses. 
Section 4 describes the research design. Section 5 presents a description of data 
and empirical analysis. Section 6 summarizes findings and presents conclusions. 

2. LITERATURE REVIEW 

Managemnt Compensutinn Plans cmd Stock Market Reaction 

The introduction of performance-based compensation plans has generally been 
shown to be associated with a positive stock market reaction. For example, 
Larcker (1983) finds a significant positive stock market reaction when an 
adoption of a performance plan is disclosed. Tehranian and Waegelein (198.5) 
report that the announcement of short-term compensation plan adoption is 
associated with positive abnormal returns, and argue that the returns subsequent 
to the announcement are associated with positive unexpected earnings change, 
Brickley et al. (I 985) show that the introduction of long-term compensation 
plans increased shareholder wealth. Waegelein (I 988) also finds that there is a 
significantly positive stock market reaction for companies which adopted the 
short-term compensation plans. Kumar and Sopariwala (1992) report significant 
positive excess returns around the announcement of performance plans adoption. 
Gaver et al. (1992) tind that signiticant positive cumulative abnormal returns 
for all companies where stockholders voted on a performance plan (whether 
the plan was adopted or not). The time period included the period beginning 
two days after the SEC stamp date and ending after the shareholders’ meeting 
date. 
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It is problematic to directly attribute the above results to the incentive effects 
of management compensation plans. After examining samples employed in other 
studies (Larcker, 1983; Tehranian & Waegelein, 1985; Brickley et al., 1985), 
Warner (1985) determines that there is a possibility that firms adopt management 
compensation plans after a period of favorable firm performance. Duty et al. 
(1997) also find that in years prior to the adoption of stock compensation plans, 
firms experienced either a favorable change or no change in firm performance. 
These compensation plans may be adopted in expectation of future stock price 
increases based on inside information about the firm’s future prospects. Thus, 
a positive stock market reaction to the introduction of new management compen- 
sation plans does not necessarily imply that the plan will provide incentives for 
CEOs that benefit shareholders’ interests. 

Murphy (1985) reports that changes in management compensation are 
positively related to firm performance as measured by shareholder returns. In 
addition to shareholder returns, Murphy’s study also finds that sales growth is 
an important determinant of management compensation. The regression results 
of Coughlan and Schmidt (1985) show a statistically significant relationship 
between CEO compensation and stock price performance. They find that sales 
growth is positively related to changes in CEO compensation. Using logit 
analysis they conclude that stock price performance and the probability of a 
change in CEO are negatively correlated. These results indicate that poor perfor- 
mance increases the probability that CEOs may lose their positions. Lastly, 
Veliyah (1999) finds a relationship between changes in compensation (cash and 
stock option grants) and lagged market returns. However, he did not find a 
significant relationship between market returns and the level of both components 
of compensation. 

Management Cnmpensotion Pluns and Firm Performance 

Gometz-Mejia et al. (1987) find that in firms with a dominant external share- 
holder (defined as an individual or organization holding at least five percent of 
a firm’s stock), performance was a signiticant predictor of CEO’s compensation. 
Similarly, Park and Song (1995) use financial and accounting-based measures 
of firm performance. They reported that for firms with large-block outside 
shareholders, performance increased significantly when stock option plans 
were introduced. Jensen and Murphy (1990a) find a positive and statistically 
significant relationship between the CEOs compensation and firm performance 
as measured by shareholder wealth. Ely (199 1) reports signiiicant interindustry 
differences in the relationship between CEO compensation and four performance 
variables that were examined. He also finds that including sales revenue and 
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net interest income significantly increases the explanatory power of the statistical 
relationship between CEO compensation and firm performance. 

Antle and Smith (1986) find a positive association between total management 
compensation and return on assets as a performance measure. However. they 
do not find a positive relationships between total management compensation 
and return on common stock. Lambert and Larcker (1987) report a strong 
positive time-series relationship between CEO cash compensation and return 
on equjty, as compared to a modest positive relationship with security market 
return. They also find that the degrees of above respective relationships are 
inversely related to the degrees of noise in the two performance measures. 
Riahi-Belkaoui (1992) concludes that accounting-based measures (i.e. sales to 
assets, and profits to assets) are significantly related to executive compensation. 
He suggests that partially linking such compensation to accounting-based 
measures insulates executives from uncontrollable market price movements. 
Sloan (1993) similarly suggests that earnings-based measures are useful in 
protecting executives from general market effects on stock prices. 

Janakiraman et al. (1992) examine the cash compensation of CEOs and tind 
evidence that conflicts with the standard agency theory model. Their empirical 
results indicate that cash compensation packages are structured with the view 
that firm performance comparisons with the market (or industry) are included 
in the evaluation of CEO performance. In contrast, Garen (1994) does not find 
any strong evidence of the use of relative performance pay in CEO compensation 
packages. Executive compensation was found to be a trade-off between incen- 
tives and insurance. 

More recent studies continue to find an association between CEO compen- 
sation and tirm performance (Callahan & Rutledge, 1995; Baber et al., 1996; 
Vafeas & Afxentious, 1998). Callahan and Rutledge (1995) report that the CEO 
compensation is most signiticantly related to tirm size and short-term profit 
divided by sales (performance). They interpret these results as an indication 
that CEO compensation is not directed toward long-term maximization of 
shareholder wealth. Mehran (1995) finds a positive relationship between tirm 
performance and equity-based compensation. He concludes, it is the form of 
compensation that motivates executives to increase firm value. Baber et al. 
(1996) find that firms with more investment opportunities have a stronger 
relationship between CEO compensation and firm performance. Such firms also 
have greater use of market-based (as opposed to accounting-based) performance 
measures for CEO compensation. Lastly, Vafeas and Afxentious (1998) tind an 
increase in the relationship between performance measures (accounting 
and market based) and CEO pay subsequent to the SEC’s adoption of a new 
compensation disclose rule in 1992. 
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Literature Summury 

The relationship between CEO compensation and firm performance is significant 
and positive in most previous studies. However, some anomalous results indicate 
that no relationship exists between compensation and performance (Kerr & 
Bettis, 1987; Dillard & Fisher, 1990). Further, for these studies that supply 
evidence of a relationship, the magnitude of incentives provided by compen- 
sation plans is relatively small (Murphy, 1985; Coughlan & Schmidt, 1985; 
Jensen & Murphy, 1990; Firth et al., 1996). It is difficult to infer from these 
previous studies whether CEO compensation plans actually influence the 
performance of CEOs and thereby firm performance. 

Therefore, this study examines the relationship between CEO compensation 
and firm performance. Unlike previous studies, this study seeks to: (a) control 
for firm-related factors (variables that affect firm performance); and (b) simul- 
taneously consider the effects of various components of CEO compensation 
(e.g. long-term vs. short-term, accounting-based vs. market-based, and stock 
options vs. restricted stock compensation). This should provide a better under- 
standing of the “CEO-firm performance” relationship. 

3, RESEARCH HYPOTHESES 

The “CEO compensation for firm performance” issue centers around the 
question whether there is a positive correlation between CEO compensation 
provided by incentive compensation contracts and improved firm performance. 
The underlying premise has generally been that tying CEO compensation to 
firm performance helps to align the interests of the CEO with the interests of 
shareholders. Prior research considers whether CEOs are properly compensated 
according to firm performance by examining the relationship between CEO 
compensation and firm performance. This study improves upon the prior 
research on the relationship between CEO compensation and firm performance. 
Specifically, this study extends the Hirschey (1985) model by controlling for 
several firm-related factors that are expected to influence firm performance.’ 
Hence, the following alternative hypothesis is suggested: 

Hypothesis la: Firm performance is positively associated with the level of 
CEO compensation. 

Prior research (Larcker, 1983; Dechow & Sloan, 1991) suggests that CEO 
compensation plans should be linked to the achievement of the long-term 
economic goals of the company because the CEO’s short-run, opportunistic, 
manageria1 behavior originates primarily from short-term compensation plans. 
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Hypothesis 3~: Firm performance is more positively related to the level of 
the CEO’s market-based long-term compensation than CEO’s accounting- 
based long-term compensation. 

Prior studies (Murphy, 1985; Gometz-Mejia et al., 1987; Jensen & Murphy, 
1990) show that the most powerful link between the shareholder’s wealth and 
the CEO’s wealth is direct ownership of shares by the CEO. They suggest that 
CEO’s holdings of common stock and stock options have an important effect 
on managerial incentives. A common method utilized to increase stock owner- 
ship is granting managers stock options. 

Restricted stock plans are another device for CEO’s to obtain company stock 
at no cost. Wu (1997) suggests that shareholders’ preference of options or stock 
ownership for executives is dependent upon the environment. However, it can 
be expected that restricted stock plans tend to be used by low performing compa- 
nies since compensation from restricted stocks is less sensitive to performance 
than compensation from stock options (Duty et al., 1997). Restricted stock plans 
offer guaranteed real compensation even if the stock price declines. However, 
when stock prices increase, gains from stock option plans may be greater than 
that of restricted stock plans. This is the case since higher leverage in the 
numbers of shares in the stock option plan can produce greater compensation 
than the much smaller number of restricted stocks (Crystal, 1992; Wu, 1997). 
Hence, the alternative hypothesis is: 

Hypothesis 4~: Firm performance is more positively related to the level of 
the CEO stock options than to that of CEO restricted stock. 

4. RESEARCH DESIGN 

Research Methodology 

Previous studies measure firm performance using accounting-based measures of 
performance such as return on asset, earnings per share, and return on equity 
(Murthy, 1977), market-based measures of performance such as stock price 
performance (Murphy, 1985; Coughlan & Schmidt, 1985; Jensen & Murphy, 
1990), and both types of measures together (Antle & Smith, 1986; Lambert & 
Larcker, 1987; Ely, 1991). Since the objective of shareholders is firm-value 
maximization, market-based measures of performance are appropriate measures 
of firm performance from a shareholders’ perspective. 

Prior studies failed to control for firm related factors (e.g. market share) 
which can affect firm performance. The results of these prior studies make it 
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difficult to infer that CEO compensation plans actually influence the firm. This 
study considers whether CEO compensation plans can contribute to firm 
performance after controlling for firm related factors which can reasonably be 
expected to influence firm performance. 

In order to control for firm-related factors, this study utilizes the relative 
excess value ratio (Thomadakis, 1977) as a proxy for firm performance,’ The 
relative excess value ratio, M, can represent the valuable intangible resources 
which are not correctly reflected in accounting data and can be expressed as 
follows: 

M=f(X)+e 

where, X is a vector of intangible sources of a firm’s profitability such as market 
power, R & D intensity, and firm risk. 

The market value of the firm includes both common stock and preferred 
stock. The market value of the firm’s outstanding common stock was calculated 
as the product of the number of shares outstanding and the market price per 
share on the last day of the year as reported in the Compustat database. It is 
more difficult to measure the value of firm’s preferred stock due to infrequent 
trading and private placements. Thus, the firm’s preferred stock was valued at 
its redemption value as reported in the Compustat database. 

The market value of the debt consists of the market value of both short-term 
and long-term liabilities. The book value of short-term liabilities can be used 
to estimate their market value because it is expected that both values are very 
close to one another due to the short-term nature of this debt (Mulford, 1985). 
The hook value of long-term liabilities was used to estimate their market value 
due to the non-availability of market prices of most long-term liabilities 
(Thomodakis, 1977; Grove et al., 1990). The sum of market value of the 
common stock, redemption values of preferred stock, and the book values of 
the short-term and long-term liabilities was used as a proxy for the market value 
of the firm. 

The source of CEO compensation data was the proxy statement issued 
annually to shareholders of publicly held companies using Lexis-Nexis.’ Cash 
compensation reported in the proxy statement was utilized as short-term com- 
pensation. Long-term compensation included performance plans, stock option 
plans, and restricted plans. The realized and present-value approaches were used 
to value the stock options and restricted stocks (Murphy, 1985; Antle & Smith. 
1986; Jensen & Murphy, 1990).1 This study estimated the value of both stock 
options and restricted stocks at the end of tiscal year. A continuous-dividend 
version of the Black&holes option valuation model, was employed in order to 
estimate the present value of stock options (Noreen & Wolfson, 198 I).$ 
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The control variables used in the study include: (1) research and development 
expenditures (RD); (2) advertising expense (AD); (3) sales growth rate (GR); 
(4) firm risk (R); and (5) concentration ratio or market share (MS). These 
variables are suggested by Hirschey (1985) as elements that potentially affect 
the future profitability of the firm (i.e. the relative excess value ratio). All of 
the variables, except risk (R), have a positive relationship with the relative 
excess value of the firm (they are expected to yield benefits to the firm). Risk 
has a negative relationship with the relative excess value. T’he following general 
model is used in this study to test the stated hypotheses: 

Y (relative excess value ratio) = f CEO Compensation f (RD, AD, GR, R, MS) 

(2) 

where the “CEO Compensation” variable(s) will test the incremental effect of 
the various types and components of CEO compensation on the relative excess 
value. 

The main source for the control variables was the Compustat database. Market 
concentration ratio, which was the proxy for market power, was estimated by 
the firm’s sales over total sales of companies within the four digit industry 
classification (following Grove et al., 1990). The five-year annual sales growth 
rate and beta were also obtained from the Compustat database.6 

Following Hirschey (I 985), the proposed models for hypothesis la through 
hypothesis 4a are as follows: 

Hypothesis Ja 

yi= ci + p, RD,/S, + p, AD&?, + p, GR, 

+ P4 Ri + p, MS, e p, C,,/S, c q 

yi= cx + p, RD,/S,+ p, ADjSi + p, GR, 

+ Pa Ri + p5 MS, + p6 C,,/S, + ci 

where: 
Yi = relative excess valuation of firm i; 
RD;/S; = research and development intensity measured as R & D expenditures 

divided by sales; 
AD,/S, = advertising intensity measured as advertising expenditures divided 

by sales; 



The Association Between CEO Compensution and Firm Pe@rmancr 71 

GRI = growth measured by the geometric average annual rate of growth in 
sales over the last five years: 

RI = firm risk measured as beta; 
MS, = market share measured by market concentration ratio; 
C,,/S, = CEO’s total compensation based on realized approach divided by 

sales; 
CPi/S, = CEO’s total compensation based on present-value approach divided 

by sales; 
& = error term. 

Hypothesis 2a 

‘i = a + PI RDi’Si + pl AD,/S, + p., GR, 

+ l-3, Ri + P, MSi + p, CSi/Si + p, CL,&S, + q 

Y, = ci + p, RD,lSl + P, AD& + P, CR, 

+ p, R; + p, MS, + p, CS;/S, + p, CL& + .sl 

where: 
CSllS, = CEO’s short-term compensation divided by sales; 
CL,,/Si = CEO’s long-term compensation based on realized approach divided 

by sales; 
CL,,/S, = CEO’s long-term compensation based on present-value approach 

divided by sales. 

Hypothesis 3u 

y, = a + p, RD,/S, + p, AD,/S, + p, CR, + p, Ri + 0, MS) 

+ p, CS,/Sl + p, CLA,& + p,,, CLM,,/S, + ei 

Y, = a + P, RD,/S, + PL AD,/SI + P, GRI + P, R, + P, MS, 

where: 

+ p, CS,/S, + p, CLA,,/SI + p,,, CLM,jS, + F, 

CLA,,/S, = CEO’s compensation from accounting-based long-term plans based 
on realized approach divided by sales; 
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CLA,,/S, = CEO’s compensation from accounting-based long-term plans 
based on present-value approach divided by sales; 

CLM,,/Si = CEO’s compensation from market-based long-term plans based 
on realized approach divided by sales; 

CLM$+ = CEO’s compensation from market-based long-term plans based 
on present-value approach divided by sales. 

Hypothesis 4a 

Y, = a + p, RD,/S, + p, AD,/.?, + p, GR, + p, Ri + 0, MS, + p7 CSi/Si 

+ p9 CLA,;/S; + p, , CLO,I/S, + /3,? CLR,,/S, + E, 

‘i = a + PI RD,/Si + PI ADi’S, + p3 GRi + p, Ri + p, MS, + p, CSjSi 

+ P, CL&,/S, + P,, CLO,jSi + p,, CLR,,/S, + q 

where: 
CLO,,/S, = CEO’s compensation from stock option plans based on realized 

approach divided by sales; 
CLOPi/S, = CEO’s compensation from stock option plans based on present- 

value approach divided by sales; 
CLRJS, = CEO’s compensation from restricted stock plans based on realized 

approach divided by sales; 
CL&/S, = CEO’s compensation from restricted stock plans based on present- 

value approach divided by sales. 

Selection of Sample Firms: 

The sample was drawn from Forbes 500 companies annual CEO compensation 
survey for the period covering 1987 through 1992. The Forbes annual survey 
lists companies on at least one of Forbes 500 listings (e.g. assets, sales, market 
value, and net profit). From the 789 companies which appeared in Forbes annual 
CEO compensation survey, regulated industries such as utility industries and 
financial industries were removed because Ely (1991) reported significant inter- 
industry differences in the relationship between CEO compensation and firm 
performance. From the remaining 493 companies, 200 companies were 
randomly selected. Of the 200 randomly selected companies, 32 were eliminated 
due to data availability problems. The final sample consisted of 168 companies. 
Table I provides detailed information on the sample selection. 
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Table 1. Determination of Sample Firms. 

73 

Firms in 1992 Forbes annual CEO compensation survey 

Less: 
Initially not identified in Compustat 
SIC 4900 companies 
SIC hOOU companies 

Firms ava~lahle for selection 

Number of f irms randomly selected 

Less: 
Inadequate Compustat data 
Proxy statements not available 

Number of f irms in the sample 

789 

(21) 
(84) 

(182) 

493 

200 

(12) 
m  

16X 

5. RESULTS OF EMPIRICAL ANALYSIS 

Hypothesis la states that firm performance is positively associated with the 
level of CEO compensation. An examination of data presented in Tables 2 and 
3 indicates that the distributions of variables used in this study are skewed to 
the right. Under both the realized and present-value approaches, lhe coefficient 
of total compensation variables (CRi and C,J are significantly positive (p < 0.01) 
as shown in Panels A and B of Table 4. These results support hypothesis la 
by providing evidence that there is a positive relationship between CEO 
compensation and firm performance. 

Table 2. Summary Statistics for Sample Firms (in millions). 

EXWSS Common Preferred Intangible Total 
value Stock Stock Debt Asw Asset Sales 

Metin $SSO $5,490 $92 $2,743 $449 $8.225 .%7,88 1 
Std. Deviation 8.497 8,967 300 8,891 1.483 19.921 IS,637 
Median 389 2,235 I) 609 56 2.685 2,Wh 
Minimum -51,131 172 0 0 0 252 171 
Maximum 36.682 64.630 3,000 79.255 15.184 163.392 120.756 
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Hypothesis 2a 

Hypothesis 2a states that firm performance is more positively related to the 
level of the CEO’s short-term compensation than to that of the CEO’s long- 
term compensation. Table 5 shows that the p-values of coefficients associated 
with CEO short-term compensation variables (CSi) are less than 0.01. Therefore, 
the conclusion is that short-term compensation is positively associated with firm 
performance. 

The incentive effects of long-term compensation appears to be questionable. 
The coefficient of long-term compensation variables (CLRi and CL,,) are signifi- 
cantly different from zero only under the realized approach (p = 0.02) but not 
under the present-value approach @ = 0.67). Further, the coefficients of short- 
term compensation appear to be relatively larger than for long-term compensation 
(763.5 vs. 37.0 and 879.4 vs. 7.1, respectively). These results support hypothesis 
2a by providing evidence that firm performance is more positively related to 
CEO’s short-term compensation than long-term compensation. 

Hypothesis 3a 

Hypothesis 3a states that firm performance is more positively related to the level 
of the CEO’s market-based long-term compensation than CEO’s accounting- 
based long-term compensation. Table 6 indicates that under both the realized 
and present-value approaches, the coefficients associated with market-based 
long-term compensation (CLM,, and CLM,,) are positive. The p-values of 
coefficients associated with market-based long-term compensation under both 
the realized and present-value approaches are 0.08 (marginally significant) and 
0.91 (not significant), respectively. The coefficients associated with accounting- 
based long-term compensation under both the realized and present-value 
approaches (CLA,, and CLA,,) are both negative, and significantly different 
from zero @ < 0.01). These results support hypothesis 3a by providing evidence 
that firm performance is more positively related to CEO market-based long-term 
compensation than that of accounting-based long-term compensation. 

Hypothesis 4a 

Hypothesis 4a states firm performance is more positively related to the level 
of the CEO stock options than to that of CEO restricted stock. Table 7 shows 
that under both the realized and present-value approaches, the coefficients 
associated with the CEO stock options variable (CLO,, and CLO,,) are margin- 
ally significant (p = 0.08 and 0.09, respectively). The coefficients of the CEO 
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restricted stocks variable (CLR,, and CLR,,) are significantly different from 
zero, but negative under both the realized and present-value approaches (p = 
0.04 and 0.03, respectively). These results support hypothesis 4a that firm 
performance is more positively related to CEO stock options than CEO restricted 
stock. 

6. SUMMARY AND CONCLUSION 

This study investigated the association between firm performance and CEO 
compensation. Two research objectives are empirically analyzed in this study. 
The primary purpose of this study is to provide evidence on whether CEO 
compensation plans contribute to firm performance using a unique and 
comprehensive measure of firm performance (the relative excess value ratio). 
Another purpose of this study is to determine which components of CEO 
compensation plans provide more benefits to outside shareholders as between 
short-term and long-term compensation plans, accounting-based and market- 
based long-term compensation plans, and stock option plans and restricted stock 
plans. 

The results of this study support hypothesis la that a positive relationship 
exists between the level of total CEO compensation and firm performance as 
measured by the relative excess value ratio. Test results for hypothesis 2a, 
provide evidence that short-term CEO compensation has a stronger positive 
association with firm performance (as measured by the relative excess value 
ratio) than long-term CEO compensation. The results of the hypothesis 3a 
indicate that market-based long-term CEO compensation has a stronger positive 
association with firm performance than accounting-based long-term CEO 
compensation. The empirica tests support hypothesis 4a, that CEO stock options 
are more positively related to the firm performance than restricted stock CEO 
compensation. 

Comparison of Results with Prior Studies 

Prior CEO compensation literature has been inconclusive in terms of their results 
from evaluating the association between CEO compensation and firm perfor- 
mance. Most previous studies found significant positive relationship between 
CEO compensation and firm performance (Gometz-Mejia et al., 1987; Park & 
Song, 1995; Jensen & Murphy, 1990; Antle & Smith, 1986; Lambert & Larcker, 
1987). However, some anomalous results indicate that no relationship exists 
between compensation and performance (Kerr & Bettis, 1987; Dillard & Fisher, 
1990). Additionally, for these studies that supply evidence of a relationship, the 
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magnitude of incentives provided by compensation plans is relatively small 
(Murphy, 1985; Coughlan & Schmidt, 1985; Jensen &Murphy, 1990; Firth 
et al., 1996). 

Similar to earlier research, the current study examines the relationship 
between CEO compensation and firm performance. Our results appear to provide 
a stronger link in the relationship than the consensus of prior research. This 
may be due to the currents study’s controls for firm-specific variables which 
prior studies failed to consider. The consideration of such variables provides 
an improvement in measuring the strength of the evidence supporting this 
relationship. 

Further, unlike previous research, this study decomposes the compensation 
plans into accounting-based long-term compensation plans and market-based 
long-term compensation plans. Long-term market based compensation plans are 
further divided into stock options and restricted stock plans. Previous studies 
have not examined the decomposed effect of the CEO compensation variable. 

1mpliccAm.s 

The results of this study have several important implications for the under- 
standing and structuring of CEO compensation plans. First, the results provide 
further evidence that there is a positive relationship between CEO compensation 
and firm performance. This should signal to firms that CEO compensation plans 
can be an important intangible resource that is likely to affect the firm’s 
performance. 

Second, practical implications can be derived from the results of hypotheses 
2a through 4a. These hypotheses found that certain forms of compensation plans 
dominate others in that they provide greater strength to the relationship between 
CEO compensation and firm performance. These findings provide insight into 
the relative effectiveness of: (I) short-term CEO compensation compared to 
long-term CEO compensation; (2) market-based long-term compensation 
compared to accounting-based long-term compensation; and (3) stock options 
compared to restricted stock. 

These findings have implications for corporate compensation committees and 
for the managerial labor market. This is particularly the case for analyzing 
incentives, marginal productivity, contracts, promotions, separations, careers, 
and the economic tradeoffs between various forms of compensation. Lastly, the 
results suggest that labor economists may want to re-direct the traditional focus 
from the labor market to the individual firms while analyzing the executive 
compensation plans and firm performance. 
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Potential Limitations 

The study’s results are subject to several limitations. First, there is a question 
of the study’s generalizability since the sample of companies is derived from 
Forbes annual CEO compensation survey which is based on Forbes 500s 
companies. However, the above sample is appropriate for the underlying 
research questions because it can be expected that the agency problem is more 
severe in large publicly held companies. Second, inclusion of only those firms 
for which complete information exists for the ten-year period from 1983-1992 
may introduce a bias toward relatively successful firms (survival bias). Third, 
the amounts of short-term compensation may be overestimated in this study 
since the cash compensation reported in a proxy statement is utilized as the 
proxy for short-term compensation which includes both the salary and short- 
term compensation. 

Suggestions for Future Research 

The limitations, however, can be a useful source for future research. Further, 
research may be employed using time-series analysis with an extended sample 
period to control for CEO specific variables such as tenure of the CEO, or 
changes in the stock ownership of the CEO (Murphy, 1985; Lippert & Porter, 
1997). Future study also needs to consider firm-specific characteristics that may 
cause systematic variation in the relationship between CEO compensation and 
firm performance (e.g. changes in the composition of the board). Thus, future 
study may include independent variables such as industry (Ely, 1991; Porac 
et al., 1999), firm size (Schaefer, 1998), ownership structure (Gometz-Mejia 
et al., 1987; Fosberg, 1999), stock ownership of the CEO (Murphy, 1985; Jensen 
& Murphy, 1990), and the effects of discretionary accounting choices (Balsam, 
1998). 

NOTES 

1. Hirschey (1985) identified R & D expenditures, advertising expenses, firm risk, 
market share, and sales growth rate as potential intangible resources of the firm’s 
profitability. CEO compensation plans can also be an important intangible resource which 
can affect the firm’s performance according to the agency literature. This study extends 
Hirschey’s (1985) model in order to examine whether CEO compensation plans can 
contribute to firm performance as measured by the relative excess value ratio 
(Tbomadakis, 1977). 

2. Thomadakis (1977) introduced a market-value measure of profits called the relative 
excess value ratio which is expressed as: 
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M  _ MV F) ~ BV VI 
Sales 

Since MV (F) = MV (A) = MV (T) + MV (I) and MV (T) = BV (T) + E, Thomadakis’ 
(1977) relative excess value ratio can be rewritten according to Hirschey (1985) in the 
following different forms: 

[MV (T) + MV (I)] - BV (T) 
M= 

Sales 

]BV (T) + MV (1) + F] - BV (T) 
M= 

Sales 

M= 
MV (I) + F 

Sales 

where, M  = relative excess value ratio, MV (F) = market value of the firm, MV (A) = 
market value of assets, MV (T) = market value of tangible assets, MV (I) = market value 
of intangible assets, E = error term, BV (T) = book value of tangible assets, and Sales = 
sales revenue. 

3. Short-term and long-term compensation plans, which include performance plans 
stock option plans and restricted stock plans, were collected from proxy statements. 
However, perquisites and pension benefit were not included as a component of CEO 
compensation due to the absence of mandatory or consistent SEC disclosure require- 
ments for non-monetary compensation and personal benefits. 

4. The realized approach measures actual amounts realized from the exercise of 
stock options during the given year. It recognizes only actual exercise of stock options 
and excludes any possible benefits from unexercised stock options during the given 
year (Crystal, 1992). The present-value approach measures the present value of stock 
options when those options are granted. It can take care of unexpected stock options, 
but it ignores the incentive effects of previously granted stock options (Murphy, 
1985). 

5. V = Se-“’ @  (Z) - Xe * @  (Z-U&) where, V = value of option, S = common stock 
price at the end of fiscal year, X = exercise price of option, d = continuous dividend 
yield defined as In [ 1 + (dividend per share/closing stock price)/l2], T = amount of time 
to expiration, @  = cumulative standard normal distribution function, r = continuous risk- 
free interest rate, o = estimated monthly stock return standard deviation for the 60 
month perio 

f 
preceding the first day of the current fiscal year, Z = [In(S/X) + (r - d + 

o’/2)]*(T/u,T), Xem” = present value of exercise price when a discount rate r is used. 
Se d’ = present value of stock price adjusted by dividend yield d, 0 (Z) = probability that 
deviation of less than 2 will occur in a normal distribution that has a mean of 0 and a 
standard deviation of 1 (Noreen & Wolfson, I98 I ). 
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6. Sales growth rate was measured by the average annual rate of growth in sales over 
the previous five years and beta was estimated from monthly observations of stock-price 
data over the last five years. 
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THE RELATIONSHIP BETWEEN 
SYSTEMATIC RISK AND 
UNDERPRICING OF THE IPO MARKET 

Mohamad A. Almisher, Stephen G. Buell and 
Richard J. Kish 

ABSTRACT 

This study utilizes systematic risk as measured by its accounting beta to 
proxy IPO ex ante risk Jbr examining the relationship between risk and 
underpricing. Unlike the IPO’s stundurd deviation for returns, the risk 
measure employed by Ritter (19&I), u ,jrm’s accounting beta is un ex ante 
faotur available to investors before the initial public ofleering. Utilizing 
accounting betus from 701 ,$rms, our regression analysis corrected ,for 
heteroskedasticity shows a positive relationship between accounting beta 
and the subsequent degree of underpricing. Thus, ourjinding suggests that 
*systematic risk, as measured by an accounting betu, is a good proxy ,fot 
ex ante uncertainty. 

INTRODUCTION 

The relationship between market and accounting betas as measures of risk is 
well documented.’ For example, Ball and Brown (1969) examining the degree 
of association between market and accounting measures of risk on large estab- 
lished firms, conclude that 35 to 40% of the cross-sectional variability in 
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systematic risk can be explained by the co-movement in the accounting income 
of firms within their study. Even though the subsequent studies differ with 
regard to the degree of association between accounting and market betas, they 
all agree that such an association does exists. 

As a continuation of this line of research, we undertake this study to answer 
the following question: 

Can accounting data that rq%cts only the historical per~%ormance of the 
firm be used as a proxy for systemuric (market) risk within the jeld of 
initial public offerings (IPOs)? 

This research follows the format of Almisher and Kish (1999) to examine the 
usefulness of an ex ante accounting beta to assess the risk of firms going public 
for the first time (i.e. when evaluating initial public offerings). One of the short- 
comings of this line of IPO research is that we cannot compute a market beta 
for privately held firms.* Therefore, it is impossible to directly test the associ- 
ation between market and accounting beta for the privately held firms within 
our analysis. However. we do test whether the accounting beta conveys any ex 
ante information about the investment risk associated with an equity purchase 
within the IPO market and find that an association does exist. In fact, our study 
documents a statistically significant association between accounting betas and 
the underpricing of IPOs utilizing both a single factor and a multifactor regres- 
sion analysis adjusted for heteroskedasticity. Thus, our research using a large 
number of firms offers support that an ex ante accounting beta generated from 
a variety of market indices can be considered a good proxy for the systematic 
risk of a firm undergoing an IPO.’ 

The literature review presented in the next section provides an overview of 
the results of previous studies that examine the association between market and 
accounting betas as well as a brief discussion of the controversy surrounding 
using beta as a measure of risk. In addition to providing a linkage to prior 
research, an overview of IPO underpricing and its relation with systematic risk 
is documented. Section 2 outlines our criteria for selecting our sample firms 
and an overview of the data. Section 3 follows with a synopsis of the method- 
ology and Section 4 profiles our results. Finally, Section 5 presents our 
conclusions. 

1. LITERATURE REVIEW 

While researchers on the relationship between market and accounting betas 
differ with regard to the degree of association between the two betas, they all 
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agree that such an association does exist. We attribute this variability to one 
or more of the following factors: (a) differences in the definition of accounting 
earnings used; (b) differences in the market indices applied as proxies for the 
true market; and (c) differences in the time horizons analyzed. 

Accounting and Market Betcr.r4 

Many empirical studies have examined the relationship between market betas 
and accounting variables including accounting betas. For instance, Ball and 
Brown’s (1969) evaluation of the ability of accounting measures of risk that 
rely on operating income, net income, and earnings per share show that approx- 
imately 35 to 40% of the cross-sectional variability in the systematic risk can 
be explained by the co-movement in the accounting income of firms. Using 
another set of accounting variables (payout ratio, growth, leverage, liquidity, 
size, earnings variability, and accounting beta), Beaver, Kettler and Scholes 
(1970) also find a high degree of association between accounting variables and 
market betas (i.e. 44 and 23% within the 1947-1956 and 1957-l 96.5 test periods 
respectively). 

Suspecting a bias in the results of the two previous studies, Gonedes (1973) 
re-examines the evidence. Although Gonedes (1973) Iinds a statistically 
significant relationship between market-based and accounting-based estimates 
of systematic risk, it is at a much lower level. Gonedes explains that the differ- 
ences are due to the market deflator of accounting earnings used. The studies 
of Ball and Brown (1969) and Beaver et al. (1970) use the market value of 
common equity to deflate accounting earnings vs. Gonedes’ use of the book 
value of total assets. The prior practice makes accounting betas generated by 
this technique impure accounting betas. Beaver and Manegold (197.5) also 
attempt to rectify the differences in the generated results of these prior studies. 
They extend the analysis to three different specifications for measuring the 
accounting beta (accounting earnings are divided by the market value of 
common stock, earnings as a percentage of total assets, and accounting earn- 
ings deflated by the book value of common equity) and find only 20% of the 
variation in market beta is explained by the variation in accounting beta. 

Ismail and Kim’s (1989) examination of the association between market 
and accounting betas uses four definitions of income (income available to 
common equity, income available to common plus depreciation, income avail- 
able to common plus depreciation and deferred taxes, and cash flows generated 
from continuous operation) deflated by the market value of the common 
equity. They find a significant relationship between market beta and 
accounting beta using all four-income definitions. Consistent with prior 
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studies, the association is stronger at the portfolio level than it is at the indi- 
vidual level. Directly applicable to our study, Kulkami, Powers and Shanon 
(1991) use accounting betas for calculating hurdie rates for divisions in a 
multi-product firm. Since market data does not exist for the divisions of 
a multi-product firm, as is the case with IPOs, Kulkarni et al. use the 
accounting beta for each division to calculate its hurdle rate, Karels and 
Sackley (1993) studying the association between market and accounting betas 
use two measures of return (return deflated by tota assets and return deflated 
by stockholder equity) to compute accounting beta and various market indices 
generated from the COMPUSTAT and the Center for Research in Security 
Prices (CRSP) databanks. They also find an association between accounting 
beta and market beta ranging from 30 to 60% depending on the market index. 
The results are sensitive to the length of the period used to compute market 
and accounting betas: the longer the period, the less significant the correla- 
tion between the market and accounting betas. 

Beta as a Meusure of Risk 

The concept of beta as a measure of systematic risk is widely used by 
academics and practitioners. Despite this usage, some researchers cast doubt on 
beta as the sole risk factor to explain the expected return on securities, For 
instance, Fama and French (1992, 1996) reduce the importance of beta as the 
sole measure of risk by advocating a different model that can draw the 
relation between risk and return based on factors other than beta. The factors 
of their model are: (a) the excess return on the market; (b) the return on a 
portfolio of small stocks minus the return on a portfolio of a large stocks; and 
(c) the return on a portfolio of high-book-to-market stocks minus the return on 
a portfolio of low-book-to-market stocks. They argue that their model can 
capture most of the CAPM anomalies better than the model, which is based 
only on beta.” 

On the other hand, Ma&inlay (1995) and other researchers, argue that the 
conclusion that additional risk factors are required besides beta to explain the 
risk-return tradeoff, as in the Fama and French model, is premature. Black 
(1993) presents harsher criticism of the Fama and French model; he considers 
the multi-factor model to be a result of “data mining” or fishing. Moreover, the 
model has no theoretical background base. Black argues that the positive rela- 
tionship between the expected return and beta still holds. Despite the controversy 
surrounding the use of beta as a measure of risk, beta is still an important factor 
for quantifying a firm’s risk. 



The Relationship Between Systemuric Risk und Underpricing of the 1PO Market 91 

Systematic Risk and IPO’s Underpricing 

In the past two decades, many researchers have presented evidence of under- 
pricing of initial public offerings (IPOs). The annual underpricing, measured 
by the first day return of the new stocks, on average, exceeds 15%. This 
percentage represents a one-day return generated from participating in the IPOs 
(assuming that investors purchase stocks in every IPO). Several theoretical 
models have been presented in the literature to explain and justify the under- 
pricing of IPOs. One prominent model is presented by Rock (1986) and extended 
by Beatty and Ritter (1986). They suggest that the degree of IPO underpricing 
is associated with the ex ante uncertainty (risk) of the IPOs after market clearing 
price.” Since the ex ante uncertainty is not observable, proxies for it must be 
employed. Several variables in the literature are used as proxies for ex ante 
uncertainty. 

One of the variables used as a proxy for ex ante uncertainty is the standard 
deviation of the IPO’s daily return in the after market. Ritter (1984) find a 
significant relationship between the standard deviation of the IPO’s daily return, 
which is a total risk measure, and the 1PO’s underpricing. The standard 
deviation of the daily return is an ex post factor, which is available only after 
the new firms are public. On the other hand, Beaver et al. (1970) report that 
there is positive correlation between systematic risk and the individual risk 
components of the firm. For example, firms that have great systematic risk are 
characterized by a large variance in their individual risk. Clarkson and 
Thompson (1990) argue that whenever there is little information regarding 
certain firms, those firms are perceived by investors as being riskier because of 
the lack of certainty concerning the exact parameters of their return distribu- 
tions. Their research suggests that systematic risk is correlated with the 
uncertainty about firms. Since the individual risk is a good proxy for ex ante 
uncertainty of the IPO and that individual risk is correlated with systematic 
risk, it implies that systematic risk is a good proxy for ex ante uncertainty of 
the IPO and thereby would have a positive relationship with underpricing. This 
implies that the larger the systematic risk is of a certain IPO, the higher the ex 
ante uncertainty regarding its market clearing price. With this increase risk 
comes a higher probability of underpricing for that IPO. 

If systematic risk is observable, it can be used as a proxy for the ex ante 
uncertainty. However, we know that tirms with no history in the market, such 
as IPOs, lack some of the parameters needed to calculate systematic risk. 
Therefore, we should look for an ex ante observable proxy for systematic 
risk. The systematic risk proxy we employed in this paper is the accounting 
beta. So in order to show the correlation between accounting and market betas, 
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we need to show that there is positive association between accounting beta and 
underpricing. Showing that the above underlying relationship between accoun- 
ting beta and underpricing exists implies that accounting beta is correlated with 
market beta for the IPOs. Unlike previous studies, which show the degree of 
association between market and accounting betas, in this study we cannot show 
the degree of correlation between the two betas because market beta for the 
private firms cannot be computed. Thus our purpose in this paper is to examine 
whether or not there is an association between market and accounting betas. It 
is a joint hypothesis that there is significant relationship between systematic 
risk and IPOs’ initial return, and that the accounting beta is correlated with 
systematic risk. 

2. DATA 

From January 1990 through June 1995,2708 companies conducted initial public 
offerings in the United States. The majority of these companies are U.S.-based 
firms, but a small percentage of the total are classified as foreign firms. The 
sample for this study is drawn from the above population of IPOs based on the 
following criteria: (a) domestic firms only;’ (b) firm commitment contracts;8 (c) 
first time offerings (spin-offs, where the parent company allows a subsidiary of 
the company to be traded separately, are excluded). Thus our study includes 
onIy firms, which have never been traded publicly and have never been part of 
a larger firm.); (d) common stock offerings only (common stocks with warrants 
attached are excluded); (e) NASDAQ listing at the time of the offering;9 
(f) Sl filing SEC registration form;“’ (g) a copy of the prospectus must be 
available; and (h) the financial statements for the most recent five years prior 
to the public offer must be reported in the prospectus. Our sample of 701 firms 
satisfies these criteria. 

Summary statistics for these 701 firms are reported in Table I including 
mean/standard deviation for the age of the firm at the offer date (12.5 yearsVl2.9 
years), sales the year prior to the offer date ($69.7MM/$95.9MM), total assets 
in the year prior to the offer date ($54.5MM/$108.8MM) and the common 
equity after the offer ($31.7MM/$28.5MM). Sources for our data include: (i) 
Prospectuses: Laser/D disk from Disclosure Inc. and the Security and Exchange 
Commission (SEC); (ii) Identifying IPOs: Going Public: The IPO Reporter; and 
(iii) Company specific data: Securities Data Company (SDC) New Issues, 
Disclosure disk/New Issues, and COMPUSTAT database. 
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No. of observations Age at Sales the year Total assets in the Common equity 
= 701 the offer prior to the offer year prior to the offer after the offer 

MeaIl 12.5 69719 54544 31724 
Std. Dev. 12.9 95901 108807 2RSO9 
Median 8 37589 23707 25500 
Skewness 3.YX 3.1% 6.90 2.67 

Now All factors except age we in IWOs. 

3. METHODOLOGY 

The accounting beta is computed in a way that is anaIogous to the computa- 
tion of the market beta (i.e. historical accounting earnings for each IPO are 
regressed against the accounting earnings for the market). The model is as 
follows: 

(1) 

The coefficient of the above regression, PI’, is the accounting beta for the ith 
IPO. Both the accounting returns for the tirm (R:) and the accounting return 
for the market (R,:,) are proxied by two alternative definitions of income: income 
before extraordinary items deflated by total assets (i.e. Accounting Return = 
Income Before Extraordinary items/Total Assets) and net income divided by 
total assets (i.e. Accounting Return = Net Income/Total Assets).” Incotne before 
extraordinary items represents the income of the IPO firm after incotne taxes 
and minority interest but before common or preferred dividends. Income from 
discontinued operations and extraordinary items are not included in the first 
income definition. The second definition of income used (net income) repre- 
sents the income or loss by a firm after all expenses and losses have been 
deducted from the revenue. This item accounts for the income and losses from 
the discontinued operation and from the extraordinary items.‘! 

ln addition to the two definitions of return, it is necessary to define the market 
in order to calculate the accounting beta. As previously mentioned within our 
selection criteria, we limited our sample to include only NASDAQ or NASD 
OTC firms since our sample consists primarily of small firms making initial 
public offerings for the first time in their operating history. Because of their 
small size, it is appropriate to choose NASDAQ or NASD OTC as a proxy for 
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the market since generally NASDAQ includes small and midsize firms that 
cannot be listed on the New York and American Stock Exchanges. This does 
not mean that all firms listed in NASDAQ are small or midsize firms. Some 
large corporations, such as Microsoft and Intel that are eligible to be listed on 
New York Stock Exchange, choose to remain a NASDAQ listing. 

But even the characteristics of the firms listed on the NASDAQ and the OTC 
are different.” The OTC includes firms that are smaller and more speculative 
than firms listed on NASDAQ. By using three proxies for the market (the 
NASDAQ, the OTC, and a combination of the two), it can be determined 
whether IPOs are more strongly related to the OTC, which includes mostly 
small and very speculative firms, or to the NASDAQ, which includes relatively 
bigger and less risky firms. Table 2 shows the number of firms listed on the 
NASDAQ and the OTC over the sample period 1985 through 1994. For example 
in 1994, the NASDAQ exchange represented 5216 firms, while the NASD OTC 
market was comprised of only 722 firms. 

Both measures of return mentioned earlier are computed as a value-weighted 
return for each of our three market proxies and are summarized in Table 3. To 
determine whether the means of the NASDAQ and NASD OTC markets differ, 
we calculate an unpaired r-test. The p-values show that the means for the two 
markets are statistically different at the 5% level of significance under both 
definitions of income (i.e. 0.001 and 0.005 p-values for return on the market 
using income before extraordinary items and net income respectively).‘4 

Table 2. Number of Firms in Each Market. 

Year NASDAQ OTC Both Mkts 

1985 2663 Y60 3623 
1986 2824 1OYl 3915 
1987 2860 1181 4041 
1988 2865 1240 4105 
1989 2875 1280 4155 
1990 3064 1199 4263 
1991 3339 1074 4413 
1992 383f 936 4767 
1YY3 4822 842 5664 
1994 5216 722 5938 

Note: All data is based on COMPUSTAT. In COMPUSTAT database, Exchange 3 represents 
NASDAQ and Exchange 10 represents OTC. Both markets are combined to form a third market 
proxy. The number of firms in this table for each year can differ from that generated from COMPU- 
STAT database by ten to thirty firms because firms with no available data for the income figure 
are dropped when the income values for these firms are not available. The inclusion of these firms 
in the calculation will reduce the return value. 
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Return on Market Using Income Return on Market Using 
Before Extraordinary Items Net Income 

Year NASDAQ OTC Both Mktb NASDAQ OTC Both Mkts 

1985 0.01x1 
1986 0.0157 
1987 0.0179 
148X 0.02 10 
1489 O.DlR9 
1990 O.Ol3X 
1991 0.0140 
1992 O.U12# 
1993 0.01 17 
1994 O.OI 73 

0.0088 0.0166 0.0184 
0.0014 0.0132 0.0170 
0.0056 0.0156 O.Ol86 

-0.0030 0.0164 0.0212 
-0.0230 0.0126 0.0191 
-0.0130 0.0105 0.0 15 1 
0.0101 0.0137 0.0141 
0.0057 O.Dl22 u.01.5 I 
0.0092 0.0112 0.0139 
0.0139 0.0166 0.0 1 x I 

u.wx2 
U.ouO8 
cl.0076 

-0.0030 
-0.0270 
-0.0180 
0.0109 
0.0175 
0.004u 
U.UlhO 

0.0 I68 
0.0141 
(I.0165 
O.tlI 69 
0.0122 
WI I i 
KU138 
0.0153 
0.0 I30 
U.0176 

Note: The return on the market is computed using the two measures of accounting return by detlating 
the total income (based on the two definitions of income) of all firms by the total assets of 
all firms. 

One of the main problems with using accounting beta as a proxy for the 
market beta, and thereby systematic risk, is that some of the firms undergoing 
IPOs have relatively short histories of operation. Therefore, few earning obser- 
vations are available for the regression analysis. Even when a firm undergoing 
an IPO has a long history of operations, the firm is not required by the SEC 
to disclose accounting data for more than the five years prior to the public 
offering. Therefore, as reported within the selection requirements, we limit our 
sample to firms with their latest five years of operations summarized within the 
prospectus.15 L 

4. RESULTS 

We calculate accounting betas for our sample firms using two measures of 
return and three market proxies resulting in a total of six combinations. As 
mentioned earlier, to calculate the accounting betas the return for each firm is 
regressed against the return for the market proxy. We performed a total of 4,206 
regressions, reflecting all combinations of our specifications (701 firms times 
two measures of return times three market proxies). 

We test the association of accounting beta with the initial IPO return which 
is measured as the difference between the offering price and the closing bid 
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price on the offering date. A signiticant relationship implies that ex ante 
accounting beta is a good proxy for systematic risk. As mentioned earlier, it is 
impossible for us to directly measure the degree of association between market 
and accounting betas because market betas cannot be calculated for private 
firms. 

In order to test whether or not there is a direct relationship between initia1 
return and accounting beta, we utilize ordinary least square regression (OLS). 
As shown in Eq. (2), the firm’s initial return is the dependent variable and its 
systematic risk, represented by accounting beta, is the explanatory variable. 

Initial Returni = cxu + a, AcctBetal + u1 (2) 

where, 

Initiul Returnl = (closing price on the offering day 
- offering price)/offering price 

AcctBetai = accounting beta for the ith IPO (our proxy for systematic risk) 

A high (low) accounting beta is a proxy for a high (low) risk firm as perceived 
by potential investors. Since risk and return are highly correlated, a higher beta 
should be associated with higher underpricing of the initial public offering and 
therefore a higher return to the investor to compensate for the risk undertaken. 

Table 4 summarizes the characteristics of the key variables: initial return and 
accounting beta, where the accounting betas are segmented by both income 
definitions and market proxies. For instance, using income before extraordinary 
items the mean return for the sample firms is 12.9% and the mean accounting 
betas are -6.51, 1.28, and -9.18 respectively for the NASDAQ, OTC, and 
combined markets. Due to the manner in which we calculate accounting betas 
the generated values may seem extreme. This is because the returns from an 
existing small stock index, NASDAQ, OTC, or combined markets, typically 
are excessive compared to the average returns found within the marketplace. 
The key concept is the relative relationship of the accounting betas within the 
IPO market, not a comparison to the market beta (&,, = 1). 

The regression results utilizing the six accounting betas (two definitions of 
income and the three proxies for the market) support the existence of a posi- 
tive relationship between accounting betas and IPO underpricing. All regressions 
are statistically significant at the 5% level. But because we expect the presence 
of heteroskedasticity, any conclusions based on these initia1 regression results 
are suspect, We anticipate heteroskedasticity for three reasons: First, with cross- 
sectional data, heteroskedasticity is generally the rule rather than the exception. 
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Table 4. Summary Statistics for Initial Return and Accounting Betas. 

Initial Accounting Betas Using Income Accounting Betas Using 
Return Before Extraordinary items Net Income 

n = 701 

Meall 
Std Dcv 
Median 
Skewness 

12.9 
IS.7 
6.96 
2.17 

NASDAQ OTC Both Mkts NASDAQ OTC Both Mkts 

-6.5 I 1.2.x -9.18 4.60 0.89 3.52 
69.1 17.0 x3.5 x2.5 13.3 YS.2 
-1.113 0.189 -1.188 -0.936 0.123 I.1 14 
4.OhO 2.756 -0.903 -0.788 1.797 ~1.902 

NOW: Column 2 presents statistics for the initial return for the sample of 701 firms. Statistics in 
columns 3. 4 and 5 represent three accounting betas based on the specified income in these columns 
and the three market proxies. The same applies to columns ft. 7 and 8. 

Second, heteroskedasticity is an implication of Rock’s (1986) model in which 
higher risk offerings may have not only higher initial return but also have greater 
variability of initial returns since there is more uncertainty about the aftermarket 
price for risky offerings. And finally, most, if not all of the previous studies of 
LPOs’ underpricing, report the existence of heteroskedasticity. 

ln the presence of heteroskedasticity, the OLS estimator is unbiased but no 
longer efficient. Nonetheless, the variance of the estimator is biased, and in 
general, it is difficult to tell whether the bias of the real variance is upward or 
downward. The bias depends on the nature of the relationship between the 
variance of the error term and the explanatory variable. Thus, if the relationship 
between the error term variance and the explanatory variable is positive (nega- 
tive), the variance of the coefficient or estimator is biased downward (upward). 
Hence, any test for significance of a result with the presence of heteroscedasticity 
is misleading. Therefore, we need to correct for the heteroscedasticity in order 
to he able to draw a meaningful conclusion from our results. 

In our sample, firms with higher systematic risk not only have greater initial 
returns than firms with lower risk, but they also have considerably higher vari- 
ability in the initial return among themselves. In order to have an efticient 
parameter estimate we need to account for the dispersion of the initial return 
among each risk class. The weighted least squares (WLS) assigns less weight 
for lirms characterized by both high risk and high variability of initial return 
and more weight for firms characterized by both low risk and low variability 
of initial return. 

In this study, we assign weights similar to those used by Beatty and Ritter 
(1986) based on the revenue (SALE) of the IPOs for the full year prior to going 
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public. We multiply both sides of the regression equation by In (SALE + 1000). 
We use a scaling factor of 1000 since some firms in our sample have zero 
sales. We selected SALE as a weighting factor because we are assuming firms 
with high sales are less risky than those with low sales. Risky firms that have 
greater variability of initial return are more likely to have lower sales and, tbere- 
fore, they are given less weight than the less risky firms with higher sales 
volume. Because our sample spans five and half years, we express SALE in 
terms of 1989 purchasing power. 

The new results, after we correct for heteroskedasticity, are presented in Table 
5. In Panel A of Table 5, when we measure accounting returns using income 
before extraordinary items, we find that there is a positive relationship between 
accounting beta and initial return. The three coefficients representing NASDAQ, 
NASD OTC and both markets combined are all significant at the 10% level or 
less using a one-tailed test. Since we are not advocating that accounting betas 
be used in isolation, their small explanatory power should not be a cause for 
concern. The accounting beta is just one additional factor to weigh the risk of 
one IPO to another. In Panel B of Table 5, we report the regression results 
when return is based on net income. All three market proxy coefficients are 
positive and statistically significant at the 5% level. The statistically significant 
results provide additional support for the existence of a positive relationship 
between accounting beta and initial return. 

For comparison purposes, we include regression results that substitute for the 
accounting betas the standard deviations generated from both income before 
extraordinary items and net income. Both standard deviation coefficients are 
positive and statistically significant at the 10% level or better. This adds support 
for the existence of a positive relationship between ex ante risk and ex post 
returns. Furthermore, support for using accounting betas as proxies for system- 
atic risk is reinforced since the explanatory power from the accounting beta 
analysis is higher than the standard deviation regressions. 

Multiple Regression 

In addition to the simple regression analysis, we also employ a multiple regres- 
sion model that examines the relationship between systematic risk and initial 
return while controlling for other factors that affect underpricing. The explana- 
tory variables are accounting beta, IPO size, IPO age, investment banker 
prestige, and proportion of IPO ownership retained by the entrepreneur 
following the initial offer. 
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Table 5. Regression Results after Correcting for Heteroscedasticity using 
Accounting Betas and Standard Deviations as Proxies for Systematic Risk: 

Single Factor Regression. 

Market Coefficient Std. Error t-Statistic R” Adi. R’ 

NASDAQ 0.017 U.UlO I.661 0.0054 0.01)26 
OTC 0.1 10 0.044 2.457 O.UluO 0.0072 
Both Mkts 0.028 0.009 3.037 0.0145 O.Ul 17 

NASDAQ 0.026 wo9 1.952 U.OI 38 0.01 IO 
OTC 0.133 0.057 2.340 U.UOY,3 U.OU64 
Both Mkts 0.02 1 0.008 2.5X) 0.0107 U.uu7Y 

Punel D. Srmdmd Deviariun Using Ncr Inmnr 

4.682 2.466 1 .R99 0.0066 0.0038 

AWe: In this table we regress the weighted initial return of each tirm in our sample with respect to the 
In(SALE + 1000) = weight, and the firm’s weighted accounting beta. Six regressions were performed 
representing six betas for each firm. Panel A  shows the results using accounting beta based on income 
before extraordinary items for the three market proxies (NASDAQ. OTC and the combination of both 
markets). Panel B  presents the regression results where net income is used to cnmpute accountmg 
betas. All results for the six regression equations are obtained by allowing for the intercept. It is acccpt- 
able to perform the above regressions through the origin. It is reported by Kennedy ( 1990 p.105) that 
most researchers in these cases, where transforming the data usually create an estimating equation 
without an intercept term, include the intercept term. This practice does little harm and could be of 
potential value of preventing the bias that arises when a relevant mdependent variable is omitted. 

Initial Returnl = a, + a, AcctBeta, + a2 Size; + u,{ Age, + LIP Prestiigr, + tii 
Retain, + u, 

where 

Znitid Return, = (closing price on offering day - offering price)/offering price; 
AcctBeta, = accounting beta; 
Size, = sales volume in the year prior to the initial issue; 
ARei = number of years between the public offering and the year of 

founding or incorporation;” 
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Prestige, 

Retain, 

= prestige of the investment banker who underwrote the IPO. 
We use a dummy variable of 1 for an IPO underwritten by a 
prestigious investment banker and 0 for an IPO underwritten 
by a less prestigious investment banker;” 

= percentage of the firm’s common stock retained by the 
entrepreneurs following the issue. 

The subscript i designates the appropriate IPO. 
Since a relatively larger IPO is probably less risky than a smaller one, ceteris 

paribus, we expect Iess under-pricing and a negative sign for Size. Since a 
relatively older IPO and an IPO offered by a prestigious investment banker is 
probably less risky than a newer one or one offered by a less prestigious invest- 
ment banker, ceteris paribus, we expect less under-pricing and negative signs 
for both Age and Prestige. When the percentage of equity retained by the owners 
is high, this signals the market that they have high expectations about the firm’s 
future cash flows. As a result, we expect less under-pricing and a negative sign 
for Retch. 

Since we are applying a multiple regression model, we fully expect multi- 
collinearity between independent variables. In a multiple regression framework, 
the question is not whether multicollinearity exists, but whether it is severe. 
We apply three different techniques to measure the strength of multicollinearity: 
the pair wise correlation between all explanatory variables, the variance infla- 
tion factor (VIF) and the condition index (CI) technique. All three diagnostic 
techniques show that multicollinearity is not a problem in our model. 

Table 6 presents the multiple regression results using White’s method for 
obtaining heteroskedasticity-consistent covariance estimators.” We report the 
coefficient estimates, the standard errors, the t-values, the F-values, the R*s, and 
the adjusted R2s for both regressions. The coefficient estimates using White’s 
method are the same as those using the OLS method; however, the standard 
errors, t-values, and F-values are different. The estimated coefficients of system- 
atic risk, measured by accounting beta based on income before extraordinary 
items and accounting beta based on net income, are both positive and signifi- 
cant at the 5% level. The results suggest there is a direct relationship between 
systematic risk and initial return of the IPOs. 

The results of the control variables are mixed, In both regressions, the 
coefficients of IPO size are negative as expected and significant at the 5% level. 
Similarly, in both regressions, the coefficients of IPO age are negative and 
significant at the 5% level. The third control factor, investment banker 
prestige, behaves unexpectedly. The sign of the coefficient in both regressions 
is positive but insignificant, counter to our expectation of a negative sign. Less 
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risky firms, which usually choose prestigious investment bankers, are assigned 
a dummy variable of one, and more risky firms, which generally use less 
reputable underwriters, are assigned a dummy variable of zero. Therefore, the 
sign of the coefficient should be negative, indicating an inverse relationship 
between quality of investment banker and IPO underpricing+ Our results do, 
however, agree with those of Clarkson (1994) who also found a positive 
relationship between underwriter prestige and initial return, 

The unexpected positive sign for the underwriter prestige may be explained 
by at least two factors: First, some underwriters specialize in certain types of 
offerings, for example, unseasoned IPO offerings, seasoned offerings or debt 
offerings. Also, those who specialize in IPO offerings may specialize in certain 
types of industries. As a result, a specialized investment banker might under- 
write only a few IPOs but still make our list of prestigious underwriters, which 
is based on the volume of underwriter capital. Some of the underwriters who 
made our list of prestigious investment bankers underwrote only a small number 
of JPOs from our sample. Our scheme of classifying underwriters by overall 
capital might classify some underwriters as “non-prestigious” even though they 
are prestigious in the IPO market. Another factor that may have caused the 
unexpected positive sign for the coefficient of investment banker prestige is 
the fact that many large, prestigious investment bankers are usually not inter- 
ested in underwriting small firms. Because the majority of new firms are small, 
these prestigious underwriters may participate only minimally in the IPO market. 

We expect the relation between the percentage of the company retained by 
the owners after the public offering, R&in, and the level of underpricing to 
be negative. A higher percentage suggests a higher quality, lower risk firm 
which investors will underprice less than a riskier one. In spite of this expec- 
tation, our results show a positive relationship between the percentage of stock 
retained and the initial return that is significant at the 5% level. We can offer 
no reasonable explanation for why the relationship between the percentage 
retained and initial return turned out to be positive instead of negative. 

As a control, we also run the regressions using the standard deviation of 
income, similar to the analysis shown in Table 5. Again, the standard devia- 
tion regressions support the conclusions reached using the accounting betas (i.e. 
the ex ante measures of risk forecast a higher return as compensation for any 
perceived increased risk in the corresponding IPO). Even though the standard 
deviation coefficients are positive, they are not statistically significant. 
Therefore, we conclude that accounting betas, which show significantly 
positive coefficients, can be used as ex ante proxies for risk within the IPO 
market. The remaining variables show the correct signs with significance levels 
similar to the accounting beta regression results. 
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T&e 6. Regression Results after Correcting for Heteroscedasticity using 
Accounting Betas as a Proxy for Systematic Risk: Multiple Factor Regression. 

Variable Coefficient Std. Error t-Statistic R2 Adj. R2 F-stat 

Panel A. Accounting Beta Using Income Before Extraordinary Items 

Acct. beta 0.029 0.010 3.066 0.055 0.048 5.515 
Size -0~027 0.010 -2.147 
Age 4.085 0.038 -2.188 
Prestige 2.206 1.680 1.311 
Retain 0.223 0.070 3.132 

Panel B. Accounting Beto Using Net Income 

Acct. beta 0.019 0.008 2.147 0.047 0.040 5.235 
Size xl.026 0.009 -2.667 
Age a.079 0.038 -2.069 
Prestige 2.152 1.677 1.283 
Retain 0.222 0.067 3.300 

Panel C. Standard Deviation Using Income Before Extraurdinmy items 

cr 3.801 2.442 1.544 0.042 0.035 6.002 
Size 4.023 0.010 -2.416 
Age -0.071 0.038 -1.891 
Prestige 1.897 1.692 1.121 
Retain 0.223 0.068 3.275 

- 

Panel D. Standard Deviation Using Net Income 

u 3.291 2.372 1.387 0.041 0.034 5.856 
Size -0.024 0.010 -2.440 
Age -0.072 0.038 -1.916 
Prestige 1.907 1.694 I.126 
Retain 0.224 0.068 3.295 

Now: We compute the two accounting betas based on a combined NASDAQ and NASD OTC 
market. We also run multiple regressions with accounting beta based on each individual index, but 
these results are not reported because they are qualitatively similar to the combined market results. 

Our adjusted R2 values are consistent with those of previous studies; unfor- 
tunately, they are only 0.048 and 0.04 respectively for the accounting beta using 
income before extraordinary items and using net income. While these seem to 
be quite low, the results are an implication of Rock’s theory of underpricing. 
Beatty and Ritter (1986) argue that a high R2 implies that the initial return on 
an offering is predictable. Their theory states that there is a positive relation- 
ship between initial return and ex ante risk because risky IPOs are characterized 
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by high variability in initial returns, and it is difficult for investors to predict 
the initial return on a risky firm. ly Our adjusted R2 values are consistent with 
those of previous studies. 2o The objective of our study is to find out whether 
or not the relationships between each of the explanatory variables and the under- 
pricing is as expected. With the emphasis on the relationship governing the 
dependent and independent variables, reporting a high R2 from the regression 
is good: however, a low R’ does not mean the model is ineffective. 

5. CONCLUSION 

Our results suggest that in the IPO market there is a direct relationship between 
systematic risk (measured by accounting beta) and initial return. This relationship 
is significant whether we compute return using income before extraordinary items 
or net income. Additionally, the relationship is significant whether it is based on 
NASDAQ, NASD OTC or both markets combined as proxies for the market. 
However, the relationship is stronger for the OTC sample than either the NAS- 
DAQ sample or the combined sample. We attribute the greater strength within the 
OTC market to the similarity in size between the IPOs and the OTC firms. We also 
find a significant relationship between systematic risk (accounting beta) and 
initial return after controlling for other factors related to IPO initial returns. 

The significant positive relationship between systematic risk (accounting beta) 
and initial return is an important and useful investment concept. Investors can 
estimate an IPO’s systematic risk by calculating its accounting beta from the 
prospectus before a firm goes public. Clearly, this ex ante measure of risk is 
more valuable than ex post factors such as standard deviation of daily returns. 
Investors and speculators need information about firms before, not after, they 
invest. 

NOTES 

1. For instance, in a research report justifying the use of accounting betas as proxies 
for market betas when market data is unattainable, Kulkarni, Powers and Shanon (I 99 I ) 
propose a technique for establishing a linkage of accounting betas and the divisional 
hurdle rdte of a multi-product firm. This linkage lays the foundation for our analysis 
within the IPO market. Other relevant studies included Ball and Brown (1969), Beaver 
and Manegold (I 975), Beaver, Kettler and &holes (1970), Gonedes (1973), Ismail and 
Kim (19X9), Karels and Sachley (193), and Kukdmi, Powers and Shanin (199 I). 

2. Calculating market and accounting betas after the firm has gone public is possible 
but not relevant to the study undertaken. We are looking at ex ante information to gauge 
the risk of an IPO offering. Testing portfolios of IPOs would produce results more 
consistent with prior research. but our goal is to offer help in ordering the risk of 
individual IPOs. 
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3. To avoid the potential problems of using the sample as a proxy for the market, 
we utilize three broad market indices (NASDAQ, OTC, and a combination of the two). 
For example, Beaver and Mangold (1975) use the total accounting return on the 254 
firms in their sample as proxy for the market. But using the return on all lirms in the 
sample as a market proxy has the potential for creating an upward bias when 
calculating accounting betas. The return of an individual tirm in that sample will be 
highly correlated with the average return of all firms in the sample, 

4. Since most of the data required for calculating systematic risk is market-related, 
a stock beta coefficient based on market information is called a market beta in order to 
differentiate it from an accounting beta which is based entirely on accounting data, 
primarily financial statements. The conjecture within our analysis is that the accounting 
beta is a proxy for the market beta when market data is not available as is the case with 
initial public offerings. 

5. The market is supposed to be efticient; however, there are some irregularities in 
the market. Because these irregularities are consistent and of such a large order of magni- 
tude to affect the prediction of the CAPM, researchers call them market anomalies. Some 
of these anomalies are January effect, the size effect, high E/P ratio and so on. In all 
of these anomalies, returns are more than that expected by the CAPM. For more details, 
see Banz (19X1), Basu (1977) and Keim (1983). 

6. Ex ante uncertainty is not the systematic risk measured by beta, but it is the 
uncertainty regarding the real market clearing prices of the IPOs. Investors know 
the offering price but are unable to predict with certainty the market clearing price, 
which could be higher or lower than the offering price. This lack of knowledge about 
the market clearing prices is called ex ante uncertainty. 

7. In spite of the fact that information required in the registration form is the same 
for U.S. and foreign firms, we believe that the differences in the tax, accounting and 
judicial systems between the U.S. and many foreign countries prompt investors to be 
negatively biased toward these firms. This bias will show in the offering and the market 
clearing prices for these foreign firms. To avoid any bias in our results, we elect to 
exclude these tirms from our sample. 

8. Most of the previous IPOs studies are based on firms conducting initial public 
offering using firm commitment contracts. A commitment contract is when underwriter 
agrees upon a certain price to buy all the shares offered by the issuing firm. The issuing 
firm receives all the proceeds from the offering regardless whether or not the under- 
writer will be able to sell all shares in the future. The other kind of contract is the best 
effort contract where the underwriter acts as a selling agent for the issuing firm. If the 
underwriter can not sell all the shares offered, it will not be held accountable for the 
unsold portion of the offer. 

9. Most of the IPOs are small in size with the majority of them being listed on 
NASDAQ. Only a few IPOs are directly listed on American or New York stock exchanges 
and those firms are usually large and well-established. To avoid any bias that might occur 
from considering large firms, we exclude all AMEX and NYSE firms from our study. 

10. There are different forms to be filed by new issues. Sl is the most comprehen- 
sive registration form. Firms using this form must provide two years of audited balance 
sheets and three years of audited statement of income and cash Row if available. 
Moreover, firms registered using the Sl form must provide selected financial data and 
supplementary financial information, including at least five years of financial statements. 
This 5-year profile makes it possible for us to calculate accounting beta based on a 
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relatively long history of operation. It should be noted that not all firms tiling SI forms 
have a long history of operation; therefore, the above data requirement depends on 
availability. Other filing forms such as SB-I and SB-2 do not require the same 
inclusion of financial data. For these forms, only a one-year audited balance sheet and 
two years of audited income and cash flow statements are required. 

11. One problem pertinent to the accounting return is that not all firms have a fiscal 
year ending December 31. Therefore. an adjustment must be made. Our procedure is 
such that if the firm has a fiscal year ending in any month from January to June, the 
return is considered for the prior year. But if the fiscal year for a firm ends in any month 
from July to December, we consider the return for the current year. For example, if the 
year in question is 1992 and a certain firm has fiscal year ending February, the accounting 
return is considered for the year 1991. On the other hand if the fiscal year ends in 
August, the return is considered for the year 1992. See Ball and Brown (1969). Gonedes 
(1973), and Beaver and Manegold (1975). 

12. The two definitions of income, Income Before Extraordinary Items and Net 
Income, correspond to COMPUSTAT data items 1X and 172 respectively. As was 
mentioned before, Beaver and Manegold (1975) use the total accounting return on the 
254 firms in their sample as a proxy for the market. Using the return on all firms in 
the sample as a market proxy may create some upward bias when calculating accounting 
betas. The return of an individual firm in that sample will be highly correlated with the 
average return of all firms in the sample. 

13. The differences are both 0.015 with t-values @-values) of 3.830 (0.001) and 3.160 
(0.005) respectively for the return on the market using income before extraordinary items 
and using net income, respectively. 

14. NASDAQ is represented by Exchange 3 in COMPUSTAT while NASD OTC 
pink sheet is represented by Exchange 10. Pink sheet refers to thinly traded over- 
the-counter stocks that are not on NASDAQ. These stocks are considered more 
speculative than those on the NASDAQ exchange. In the rest of the analysis, “OTC” 
stands for NASD OTC. 

15. But why limit the regression analysis to five years? Some would argue that the more 
observations we have, the lower is the sampling error. On the other hand. we can argue 
that while having more observations is advantageous, some of these observations could 
be affected by the different structural forms or conditions the firm faces in its span of 
operation. Many firms change their accounting procedures, such as switching from LlFO 
to FIFO. in dealing with their inventories. Other firms change the way they calculate 
depreciation. Such changes affect the accounting data; hence, using fewer annual 
observations helps to avoid having observations generated under different accounting 
methods or under different structural conditions. It is suggested by some researchers (see 
for example Jacob, 1971) that if annual data is used to calculate the market model 
parameters (CAPM), the optimal number of observations included in the regression model 
ranges from five to ten. Because of the similarity between the model used to compute 
market beta and the model used to calculate accounting beta, using five annual observa- 
tions of accounting data can be acceptable for calculating accounting beta. 

16. Age data was collected from Moody’s OTC Industriul k%JnUtJ/ and Moody’s OTC 
IJnli,wd Mun&. Age is defined as the difference between the year in which the firm 
went public and the year in which it was founded or the year it was incorporated, which 
may not necessarily be the same. We use the oldest date available whether it is the date 
of incorporation, re-incorporation or founding. For example. if the tirm is incorporated 
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in 1982 and reincorporated again in 1990 under the same name or a different name, we 
use 1982 as the year of founding. The ages of some IF% at the time of their offerings 
were less than five years because Moody’s provides only the year of incorporation. Even 
though many firms in the sample were incorporated during the year of their public 
offering, our sample still includes only firms with five or more complete years of 
operations before going public. Because of these discrepancies in reporting, we have to 
adjust some firms’ ages: if a firm’s age, reported by Moody’s OTC MarzuaL is less than 
five years while the firm actually has five complete years of operations, we change the 
firm’s age to five years. Despite the fact that the regression results conform to the find- 
ings of previous researchers, we believe that if each firm’s age was collected directly 
from its prospectus, the data would be more accurate than if collected using Moody’s 
OTC Manuals, or other publications which publish only the year of incorporation. 

17. The procedure we used to distinguish between prestigious and non-prestigious 
underwriters is the same one used by Beatty (1989) where the ranking is based on the 
underwriter’s capital. The top 18 investment bankers in capital were assigned one and 
the remaining of underwriters were assigned 0. The ranking is available annually in the 
Securities Industry Yearbook. 

1% Keeping in mind the evidence of heteroskedasticity presented in the previous 
regressions, the covariance matrix of the OLS regression, ignoring the presence of 
heteroskedasticity. is no longer consistent. As a result of these inconsistencies, the statis- 
tical hypothesis testing will be misleading. In order to reduce the effect of 
heteroskedasticity, it is first necessary to identify the heteroskedastic variables and then 
linearly transform them. We might consider several models in order to find the most 
appropriate transformation that reduces or eliminates heteroskedasticity. In order to find 
that appropriate model, it is necessary to have precise knowledge of the nature of 
heteroskedasticity, which is usually very difficult to locate. To overcome these prob- 
lems pertaining to identifying and specifying the correct transformation of the variables. 

19. See Beatty and Ritter (1986), p. 223. 
20. For example, see Beatty and Ritter (1986) and Beatty (1989). 
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INTRODUCTION 

Over the past decade, the banking industry has undergone rapid consolidation; 
indeed, on average, for the past three years there were more than two bank 
mergers every business day. Before the 199Os, most bank mergers involved 
banks with less than $1 billion in assets; more recently, even the very largest 
banks have merged with other banks and with non-bank financial firms. 

Globalization, technological advances, and regulatory retreat are often cited 
as factors that have stimulated and allowed more banks to merge. Mergers may 
reduce costs if they enable banks to close redundant branches or consolidate 
back-office functions. Mergers may make banks more productive if they increase 
the range of products that banks can profitably offer. Mergers may also diver- 
sify further bank portfolios and thereby reduce the probability of insolvency. 
Increased diversification then may reduce banks’ total costs by reducing desired 
capital-asset ratios. Increased diversification and size may also raise revenues 
if they increase banks’ attractiveness to customers who will deal only with very 
safe institutions. Though banks’ loan rates or non-interest revenues might rise 
or their deposit rates or capital requirements might fall as a result of mergers, 
we do not focus on those aspects of mergers here. Rather, we focus on the 
effects of merging on banks’ non-interest expenses. 

One of the most striking aspects of the recent wave of bank mergers has 
been the split between bankers and economists about the practical importance 
of these advantages to merged banks on average. The managements of merging 
banks and industry analysts often project sizeable cost reductions, typically to 
be achieved by reducing labor and physical capital inputs. Economists in univer- 
sities and in bank regulatory agencies have been hard pressed, however. to 
identify systematic, merger-related gains in bank productivity. 

The lack of consensus even extends to the issue of which mergers are most 
likely to cut costs. Though there is some evidence from economists’ estimates 
of banks’ cost functions and post-merger performance studies that mergers of 
the smallest banks might reduce costs, little evidence has been found to support 
the claim that bank mega-mergers cut costs. One bank-merger advisor noted to 
us that the banking industry’s ranking of the ability to reduce costs following 
bank mergers was the reverse of economists. His evaluation was that the industry 
regarded the overwhelming majority of mergers between large banks (those 
with at least $5 billion in assets) as cutting costs, the mergers of middle-sized 
banks as having a mixed record on cost-cutting, and the overwhelming majority 
of mergers of banks with less than $300 million of assets as having achieved 
few, if any, cost reductions. 
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Our view is that the data conventionally used to study whether mergers 
produce more efficient banks typically have underestimated a number of size- 
able and long-lasting cost reductions that merged banks have achieved. A 
primary source of underestimates of cost reductions is found in the rules of 
accounting for mergers. The bank mergers of the 1990s have often triggered 
accounting adjustments that biased reported costs upward. The rules of 
purchase-method merger accounting often result in upward revaluations of the 
merged, or combined, banks’ assets. Mergers in recent years have triggered 
increases in the accounting values of both physical and intangible bank assets. 
As a result, post-merger banks reported higher depreciation and amortization 
charges, even if they owned and operated the same buildings and equipment 
after the merger as they did before the merger. Below we identify the specific 
cost categories where this merger-driven bias may be particularly large, long- 
lasting. and widespread. 

1. EVIDENCE ON POST-MERGER COST CUTTING 

Stotisticai Studies 

Berger (1998) concurred with the results and views of many economists that 
bank mergers generally had little effect on non-interest costs. Boyd and Graham 
(1998) concluded that mergers of very small banks reduced costs. Banks of this 
size often had well under $100 million in assets, which is likely to mean that 
the sample consisted primarily of banks that had fewer than three dozen 
employees. 

It is often argued that the structure of technological advances has been such 
that larger operations could reduce average costs because of the large fixed- 
cost component in the Aback-office@ operations of banking, such as payment 
processing. Hancock et al., 1998 estimated that the Federai Reserve’s electronic 
payments transfer system, Fedwire, exhibited increasing returns to scale. They 
reported that, indeed, the Fed reduced its average costs with higher volume, 
even after adjusting its costs for the ever-declining real costs of telecommuni- 
cation and data processing equipment. This suggests one specific part of bank 
operations where larger scale might reduce costs and thereby justify mergers. 

Chamberlain (1998) reported that other non-interest expenses (ONIE) rose, 
while expenses attributed to premises and other physical assets and to labor 
declined following bank mergers. ONIE are the non-interest expenses other than 
those attributable to labor, occupancy, and equipment expenses. She concluded 
thar on balance, bank mergers did not lower banks costs. Based on our hypoth- 
esis about the upward revaluation of intangible assets, whose charges are 
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included in ONIE, we would expect that mergers would raise reported ONIE, 
quite apart from any economic changes in ONIE. That same argument applies 
to the expenses for premises and other physical assets. In her sample, the reduc- 
tions in the economic values of those expenses may have been overwhelmed 
by the recorded accounting increases triggered by the mergers. 

Case Studies 

Linder and Crane (1992) compared the changes in performance measures, such 
as operating income, of a group of banks that merged with those of a group that 
did not merge. They found little difference between the changes achieved by the 
two groups, which suggested that merging alone did not improve performance. 
Rhoades (1998) reported on case studies performed on nine recent bank mergers. 
These mergers were deliberately chosen as being most likely to reduce costs: The 
mergers involved large banks whose markets had substantial geographic overlap. 
He concluded that only four of the mergers cut costs relative to those of 
non-merging peer banks, even though oil of the mergers produced cost cuts in 
line with the banks’ projections. The largest cost reductions were achieved by 
reducing the numbers of employees and by reducing computing expenses. Often, 
about half of the cost cuts were attributed to reduced labor costs. Though more 
efficient banks tended to take over less efficient banks in Rhoades’s sampIe, 
efficiency gains were not well predicted by the absolute or relative efficiency of 
the dominant partner, nor did other performance measures or size help system- 
atically predict which mergers would most cut costs. 

Industry Analysis 

Bender and Marks (1996) disputed whether bank mergers were likely to raise 
profits by reducing costs. They analyzed mergers of very large banks (Bank of 
America and Security Pacific, Chemical and Manufacturers Hanover, etc.). They 
reasoned that though larger banks sometimes operated more cost efficiently, 
reduced operational costs rarely translated into higher profits because of 
increased loan losses and reduced ability to serve the profitable small-business 
segment of the commercial loan market. Bender and Marks (1996) also argued 
that technological advances may well have reduced the scale required to mini- 
mize average technology costs: Outsourcing possibilities and the advent of 
off-the-shelf hardware and software made it feasible for smaller banks to deliver 
technology-related services about as cheaply as larger banks did. 

According to an article in the June 20, 1998 issue of the Economist, 
Andersen Consulting calculated that smaller banks have been consistently more 



cost-efficient in recent years than larger hanks. Andersen calculated that, since 
1995, banks with less than $10 billion of assets had expenses (including loan 
loss provisions and restructuring charges) per individual or small business 
customer that were about 20% lower than those at larger banks. Profits 
per customer were also lower at larger banks. 

Pilloff and Santomero (1998) surveyed both the statistical and case study liter- 
ature on bank mergers. Based on their reading of the enormous empirical 
literature on bank costs, they concluded that on average the market valued the 
combined firm no higher than it did the separate components. Had merging cut 
costs, higher total market value would have been anticipated. Furthermore, on 
average, no empirical studies have reported performance gains after merging. 
Thus, the academic literature provides little evidence that banks reduced costs 
by merging. Analysis by industry analysts also suggests skepticism about the 
cost-reducing benefits of mergers. 

2. DATA 

Our merger sample is obtained from the merger file at the Federal Reserve 
Bank of Chicago, which contains 8032 bank mergers between 1985 and 1997. 
We select bank mergers from the merger file using the following sampling 
criteria: (i) both of the merged banks must be healthy institutions at the time 
of the merger; (ii) both merged banks did not engage in another merger two 
years before or after the merger date; (iii) both institutions must be in opera- 
tion for at least two years prior to the merger and must have total assets greater 
than $10 million during the merger quarter; (iv) the accounting method (pooling 
of interest vs. purchase accounting) for the merger transaction must be known 
and can be verified from the Wharton Research Data Service; and (v) the merger 
must occur before 1996. 

The first criterion eliminates all failed-bank mergers and government-assisted 
bank mergers. The second filter allows us to compare the two-year pre- and 
post-merger performance without the contamination of another merger. The 
third criterion ensures the availability of banking data for at least two years 
before the merger date, and eliminates the smallest institutions from the sample. 
The accounting method criterion is necessary for the adjustment of reported 
cost data that is the key to this study. Finally, we exclude the most recent 
mergers that do not have at least three years of reported data after the merger 
date.’ These sampling criteria yield a sample of I f.54 bank mergers. Out of this 
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sample, banks in 20 mergers reported expenses that are either negative or un- 
realistically large.2 Eliminating these outliers produced a final sample of 1134 
bank mergers. 

The benchmark for measuring the performance of merged banks is a control 
sample of banks that did not engage in any mergers between 1985 and 1997. 
Like the merger sample, we also eliminate from the control sample for each 
quarter banks with total assets less than $10 million, banks that are less than 
two years old, and banks that report negative or unrealistically large expenses. 
The number of banks in the control sample varies during the sampling period. 
For example, we have a total of 5475 banks in the control group in 1987 Ql. 
In each quarter, all banks in the control sample are grouped into four size 
categories: (i) small banks with total assets between $10 million and $100 
million; (ii) medium banks with total assets between $100 million and $1 billion; 
(iii) large banks with total assets between $1 billion and $10 billion; and (iv) 
mega banks with total assets in excess of $10 billion. 

For each bank in the merger sample or the control sample, we obtain finan- 
cial statements that are reported quarterly to the FDIC in the Call Report. From 
the income statement, we obtain the following non-interest expense data: salaries 
and costs of employee benefits, expenses on premises and fixed assets, and 
other non-interest expenses.’ Within the class of other non-interest expense, we 
also obtain the information on the amortization expense for intangible assets. 
From the balance sheet, we obtain the dollar value of the following quarter- 
end data: premises and fixed assets, intangible assets, and total assets. 

3. METHODOLOGY 

To measure the post-merger change in bank operating performance, we compare 
the post-merger performance of the merged bank relative to its control group 
of similar sized banks with the pre-merger performance of the merged banks 
relative to the peer group. Thus, we define Change in Relative Operating Costs 
(CROC) for the i-th bank merger as: 

where subscript A stands for after-merger and subscript B stands for before- 
merger. The four performance variables to be analyzed are: (i) ratio of total 
non-interest expenses to total assets (NIE); (ii) ratio of labor expenses to 
total assets (LAB); (iii) ratio of premises expenses to total assets (PREM); and 
(iv) ratio of other non-interest expenses to total assets (ONIE). 

We compare each merger with one of the four size-based peer groups 
according to the combined quarter-end total assets of the acquirer and the target 
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in the quarter immediately before the merger date, based on the same size cut- 
offs for the control group. The absolute performances of each peer group (XPEER) 
are the averages across all banks in the group of the eight-quarter mean of the 
performance variable before and after the merger. For the merged bank and its 
predecessor banks, the absolute performance measures (X,) are the eight-quarter 
mean of the performance variable before and after the merger quarter.’ 
Subtracting the absolute performance of the peer group from that of the merged 
bank produces the relative performance of the merged bank before and after 
the merger. Subtracting the relative performance of the merged bank before the 
merger from its relative performance after the merger yields the Change in 
Relative Operating Costs. A negative CROC indicates cost savings were 
achieved after the merger. 

4. ACCOUNTING ISSUES 

Currently, according to Generally Accepted Accounting Principles (GAAP), 
there are two methods to account for business combinations: purchase 
accounting vs. pooling-of-interests. In purchase accounting, all the assets of the 
target bank have to be marked to market before they are combined with 
the acquiring bank’s assets, including the target bank’s premises and equipment. 
The difference between the purchase price and the revised book value of target 
bank’s equity, after marking all target bank’s assets to market, will be recorded 
as goodwill, an intangible asset, in the surviving bank’s book. All intangible 
assets must be amortized and expensed per GAAP. Hence, in purchase 
accounting mergers, both the stock of bank premises and the stock of intan- 
gible assets for the surviving bank would likely be higher than those of the 
combined total of the acquirer and target before the merger due to purchase 
accounting alone. 

If the recorded bank premises and intangible assets are marked up due to the 
use of purchase accounting, the surviving bank’s depreciation charge and amor- 
tization expense will rise instantly, even if the surviving bank changes nothing 
after the merger. 

In pooling-of-interests, the target bank’s assets, liabilities, and owner’s 
equities are combined with those of the acquiring bank at book value as though 
the two companies had always been commonly owned. Thus, the reported assets 
of the merged bank would be equal to the sum of the reported assets of the 
two merging banks, absent any real changes in bank assets after the merger. 
Hence, unlike purchase accounting, pooling-of-interests would not trigger 
additional depreciation expenses or goodwill charges. However, the merging 
banks must satisfy all the conditions for pooling, including certain pre-merger 
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attributes such as comparable sizes, and post-merger activities limiting assets 
sales or stock repurchase; otherwise, the purchase accounting method must be 
used. 

Figure 1 shows that in our merger sample, about one-third of the mergers 
used purchase accounting method to account for the merger transaction, and 
the percentage of purchase accounting mergers also was rising during our 
sampling period. Figure 2 shows that the average ratio of market value to book 
value equity for banking companies was also rising. As a result, the purchase 
accounting effect on rep0rte.d expenses is likely to be larger during the latter 
part of the sampling period than during the earlier part. 

To obtain a more accurate measure of the change in genuine operating perfor- 
mance of a merged bank that uses the purchase accounting method, we adjust 
the merged bank’s reported premises expenses and other non-interest expenses 
by the amount that is attributable to the purchase accounting revaluations. 
Specifically, denote the quarter when the merger is consummated as quarter 0 
and the quarters immediately before and after as quarters -1 and +I, respec- 
tively. We first compare the reported fixed premises of the merged bank in 
quarter 0 to the combined total fixed premises of the two constituent banks 
in quarter -1 .5 If the reported fixed premises go up after the merger, we assume 
that this is due to the revaluation of the target bank’s premises. We then attribute 
the difference between the reported quarter +l and quarter -1 premises expenses 
as the incremental premises expense attributable to purchase accounting, denoted 
as XP. XP is then subtracted from the reported premises expense for all post- 
merger quarters in calculating the adjusted premises expenses (PREMXP). We 
perform the same adjustment on reported intangible assets between quarter 0 
and quarter -1. Assuming the difference between quarter +I and quarter -1 
amortization expenses as the incremental amortization expense triggered by 
purchase accounting, denoted as XG, the adjusted non-interest expense 
(ONIEXG) is calculated by subtracting XG from ONIE for all post-merger quar- 
ters. Finally, we adjust total non-interest expense by subtracting both XP and 
XG from NIE. denoted as NTEXPXG. 

5. FINDINGS 

Table 1 presents the average change in relative operating costs for 1134 bank 
mergers between 1987 and 1995. In the first panel, the average change in total 
non-interest expense of merged banks was-0.003. Although the negative sign 
indicates that on average, banks cut total non-interest expenses after the merger, 
the cut was not statistically significantly different from zero. Of the three oper- 
ating cost components, labor costs registered the largest drop after the merger, 
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falling an average annual amount of 0.02% of total assets. Unadjusted premises 
expenses, however, on average went up by 0.009% of total assets after the 
merger, and the increase is significant at the 5% level. While unadjusted other 
non-interest expense also rose after mergers, the increase is not statistically 
significant. 

As shown in the middle panel of TabIe 1, purchase accounting triggered 
significant incremental premises expenses (XP) and incremental intangible 
expenses (XG). Additional premises expenses, XP, averaged 0.016% of total 
assets, and additional intangible expenses, XC, averaged 0.022%) of total assets. 
Ln the bottom panel, adjusting premises expenses by XP yields a significantly 
negative change in PREMXP, indicating that merged banks on average did cut 
occupancy costs; occupancy expenses declined by 0.008% of total assets after 
merging. After adjusting for the incremental amortization expense, the change 
in ONIEXG becotnes negative, but it is not significant. Regarding total non- 
interest expense, the adjusted NIE. NIEXPXG, on average fell by a significant 
0.042% of total assets after the merger. This suggests that bank mergers do 
result in operating cost savings. For a merged bank that earns say, a 1% return 
on assets (ROA), the average cost savings reported in Table 1 translate into a 
4% increase in ROA. 

In Table 2, we repeat the analysis after dividing the merger sample into three 
time periods: 19x7-1989, 199&1992, and 1993-1995. We find that even 
without the purchase accounting adjustments, total non-interest expense fell by 

Table I. Do Mergers Cut Costs? 
Chanpr in 8-quarter mean relative operating costs 
I I34 mergers. 1987-1995 (percent of total assets) 

NIE 

LAS 
PREM 
ONIE 

Adjustmwts: 

XP 
XC 

Adjusted Expmse.~: 

PREMXP 
ONIEXG 
NIEXPXG 

- 0.003 

-0.020* 
0.009* 
0.00x 

0.0 I h* 
1).022* 

-0IKH* 
-0.014 
-O.U42* 

* denotes significant at the 5% level 
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Table 2. Do Recent Mergers Cut Costs More? 
Change in &quarter mean relative operating costs 
1134 mergers. 1987-1995 (percent of total assets) 

1987-1989 199&1992 1993-1995 

NIE 0.045 -0.005 -0.049* 

LAB -0.014 -Q.ooY -0.037* 
PREM 0.006 o.on9 0.011* 
ONlE 0.053’ -0.006 -0.023 

Adjustmen6s: 

XP 
XC 

0.015* 0.018* o.o1ti* 
0.009 0.022* o.o3fJ* 

Adjusted Expenses: 

PREMXP 
ONIEXG 

NIEXPXG 

-0.010 -O.QOY -0.005 
0.045* -0.027* -0.058’ 
0.021 -0.045 -0.100* 

* denotes significant at the 5% level. 

0.049% of total assets after the merger in the 1993-1995 sub-period, and the 
cost saving is statistically significant. Of the three operating cost components, 
labor cost showed the largest cut in the 1993-1995 sub-period, whereas unad- 
justed premises expense showed a significant rise after the merger in this time 
period. 

The adjustment for premises expense is significantly positive in all three sub- 
periods. The adjustment for amortization expense rose over time, and is 
significantly positive during the two most recent sub-periods. This reflects the 
fact that purchase premia over the book values of target banks were rising over 
time, as the market value of banking companies were rising in general. 

Adjusting the premises expense by the XP turns the positive changes in 
PREM to negative changes in PREMXP after the merger, but none of the 
changes in PREMXP in the three sub-periods are significant. On the other hand, 
changes in adjusted ONIE, ONIEXG, is found to be significantly negative in 
the last two sub-periods, indicating that merger related cuts in other non-interest 
expense on average exceed labor cost savings. On net, mergers in 1993-1995 
shaved adjusted total non-interest expense, NIEXPXG, by a statistically signif- 
icant 0.1% of total assets, which is equivalent to a 10% boost in a 100 basis 
points ROA. Change in NIEXPXG is insignificant for the two earlier time 
periods. 



Table 2 clearly suggests that recent bank mergers seem to cut operating costs 
more than earlier bank mergers. To test this hypothesis formally, we compare 
the cost cuts for mergers in 1993-1995 to those that occurred in 1987-1992. In 
Table 3, we regress each performance measure against a dummy variable for 
1993-1995 mergers and an intercept term. The coefficient on the dummy is found 
to be significantly negative for the NIEXPXG regression, confirming that the cost 
savings for mergers in 1993-1995 were significantly larger than those in earlier 
time periods. The 1993-1995 mergers dummy is also significantly negative for 
the unadjusted NIE regression, as well as for the ONIEXG regression. 

Finally, to test whether mergers involving large banks cut costs more than 
mergers among smaller banks, we regress each performance measure against a 
dummy variable for large merger and an intercept term separately for the three 
time periods. The dummy variable for large merger equals one if the total assets 
of the merged bank at the time of the merger exceeds $1 billion, and equals 
zero otherwise. Table 4 shows that on balance, cost savings in large bank 
mergers did not differ significantly from smaller bank mergers. In the NIEXPXG 
regressions, while the coefficient of the large merger dummy is positive in the 
two earlier sub-periods, it becomes negative in 1993-1995, providing some 
weak evidence that the operating performance of large mergers, relative to their 
smaller counterparts, seemed to be improving over time. 

TabZe 3. Was the 1993-1995 Period Significantly Different? 
Coefficients on dummy variable fur the lYY3~1YY5 period 

1134 mergers, 1987-1995 (percent of total assets) 

IW-IYYS Period t-statistic 

NIE 

I-AH 
PREM 
ONIE 

Adjustments: 

XP 
XG 

Adjusted E.rpen.se.r: 

PREMXP 
ONIEXG 
NIEXPXG 

~0.001 0.27 
0.021* 3.41 

2.37 

1.76 
0.54 
2.26 

0.63 
3.27 
3.05 

* denotes significant at the 5% level 
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Table 4. Do Larger Mergers Cut Costs More? 
Coefficients on dummy variable for large mergers 
1134 mergers, 1987-1995 (percent of total assets) 

1987-1989 1990-1992 1993-199s 

NIE 

LAB 
PREM 
ONIE 

Adjustments: 

XP 
XG 

Adjusted Expenses: 

PREMXP 
ONIEXG 
NIEXPXG 

0.020 

0.031 
0.035 

-0.047 

-0.022’ 
0.003 

0.058* -0.039* 
-0.050 0.175* 

0.039 0.104 

0.094 

-0.032 
-0.052* 

0.178* 

-0.013 
0.002 

-0.073 

-0.084 
-0.003 

0.014 

-0.015 
-0.003 

0.012 
0.012 

-0.060 

* denotes significant at the 5% level. 

4. CONCLUSIONS 

In this study, we revisit an important question in banking: Do bank mergers 
lead to operating cost savings? While the majority of past research did not find 
significant cost reduction after banks merged, bank managers and banking 
consultants cite improving operating cost efficiency as a primary motivation for 
bank mergers. This is probabIy one of the starkest discrepancies between 
banking researchers and practitioners. 

In this study, we recognize an important measurement issue in using reported 
financial data to compare pre- and post-merger operating performance. In 
mergers where the purchase accounting method is used to account for the busi- 
ness combination, all the assets of the target institution have to be marked to 
market before being combined with the acquirer’s book assets, and the differ- 
ence between the purchase price and the revised book value of target bank’s 
equity is recorded as goodwill in the surviving bank’s book. These additional 
assets must be expensed according to the amortization schedule under GAAP. 

The purchase accounting method therefore can trigger additional occupancy 
expense and amortization expense by the surviving bank that have nothing to 
do with actual costs. Hence, to measure performance change before and after 
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the merger more accurately, this study adjusts the reported data to eliminate 
the pure accounting effects on reported costs. In addition, we also include more 
recent data in our analysis so that we cover a period when the banking industry 
is tinancially much stronger and the pace of banking consolidation is rapid. 

We find evidence that bank mergers reduced operating costs. Both labor cost 
and occupancy expense are found to decline significantly after the merger. The 
cost reductions during the full sampling period are evident only after we remove 
the pure accounting effects on reported expense data, confirming that merger 
accounting can hide a significant portion of cost cuts. Nonetheless, our 
sub-period analysis suggests that only more recent bank mergers were able to 
achieve significant cost cuts, with the accounting bias hiding one-half of the 
cost reduction. Earlier mergers did nol seem to produce cost savings, despite 
the removal of the accounting bias. We also find that the size of the merging 
institutions does not have significant effects on the amount of cost savings. 

NOTES 

I. For robustness. we also conduct three-year pre- and post-merger performance 
comparisons. They produce qualitatively similar results. 

2. We consider annualized labor costs in excess of 5% of total assets, annualized 
premises expenses in excess of 5% of total assets, or annualized other non-interest 
expenses in excess of IO% of total assets to be outliers. 

3. Other non-interest expense includes 34 categories of expense items. For example, 
it includes fees paid to directors for attending board meetings, Federal Deposit Insurance 
assessments, legal fees. amortization expense of intangible assets, costs of data 
processing, and advertising and promotional expenses. 

4. Note that data for the merger quarter are omitted from the analysis. In the cases 
where the purchase accounting method was used for the merger transaction, the merged 
bank reported the expenses equal to the acquirer’s full quarter of expenses plus the 
expenses incurred by the target from the merger consummation date through the end of 
the quarter. This makes the reported quarterly expenses of the merged bank for the 
merger quarter inconsistent with the pre- and post-merger quarterly expenses. 

5. The balance sheet variables for the merged bank reported for the merger quarter 
are stock variables as of the end of the quarter and are free of the flow problem noted 
in note 4. 
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THELIKELIHOODANDEXTENT 
OFBANKS'INVOLVEMENTWITH 
INTEREST RATE DERIVATIVES 
ASENDUSERS 

Jeffery W. Gunther and Thomas F. Sierns 

ABSTRACT 

Bused on nnnucll dutu fi>r medium-sized U.S. commerc~i~rl bunks from 1991 
through 1998, we investigate both the decision ef whether to participate 
in interest rute derivatives and, for those bunks participating, the extent 
of their involvement as end users. We find the hedging of bulance .sheet 
positions is an importunt mntivutinn for involvainent in derivatives. III 
addition, the extent of involvement is directly reluted to N bank’s cupitul 
position. These results pointing to the typicnl end user as a jfinanciully 
secure hank seeking to hedge mwanted risk argue against the need for 
any additional restrictions on derivatives activities. 

INTRODUCTION 

Tremendous growth in financial derivatives trading, coupled with highly- 
publicized derivatives-related losses, has led financial regulators and policymakers 
to question the potential impact of derivatives activities on the safety and 
soundness of the U.S. banking system.’ It is well known that derivatives offer 
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banks and firms in general effective mechanisms for controlling risk exposures 
and cash flows, thereby increasing the availability of funds to pursue value- 
enhancing investment opportunities. z But regulators are also aware of the 
potential for derivatives activities to threaten an institution’s viability and broader 
corporate goals. 

While it is difficult to distill from the available data a precise assessment of 
the nature and consequences of derivatives activities, it may be possible to glean 
some evidence on these issues from an analysis of the characteristics of 
derivatives participants. What influences a bank’s decision to participate in the 
derivatives market? And, once the decision is made to participate, what factors 
influence the extent of participation? The answers to these questions should 
assist policymakers in addressing regulatory concerns associated with deriva- 
tives activities. 

In particular, bank capital has traditionally played a prominent role in the 
supervisory process, and the Federal Deposit Insurance Corporation Improvement 
Act of 1991 established new policies and procedures to restrict the activities 
of thinly capitalized banks, while expanding the range of activities open to 
banks that maintain high capital levels. The question then arises of whether 
derivatives activities - which are often more complex and difficult to monitor 
than bank lending - have tended to be associated with high or low capital 
levels. A concentration of derivatives activities at thinly capitalized banks 
would reinforce concerns over the possible motivations and potential losses of 
derivatives participants. 

We use annual U.S. bank data from 1991 through 1998 to investigate both 
the factors shaping a bank’s decision to use interest rate derivatives and, for 
those banks participating, the extent of their involvement. We extend the work 
of Gunther and Siems (1995a) and Carter and Sinkey (1998), who use similar 
techniques in analyzing bank derivatives activities in the early 199Os, to include 
in the sample a more recent period from 1995 through 1998. 

Kim and Koppenhaver (1993) use a probit model to analyze a bank’s decision 
of whether to use interest rate swaps and a separate tobit model to incorporate 
the extent of swap usage. However, the tobit model does not allow for 
differences between the factors that influence whether a bank participates in 
derivatives activities and those influencing the extent of derivatives participation 
for those banks choosing to participate. We extend the work of Kim and 
Koppenhaver by employing a variant of Cragg’s model, in which the decision 
of whether to participate in derivatives activities is specified by the standard 
probit model, while the extent of derivatives participation is based on a linear 
regression.” Another distinguishing characteristic of our analysis is that each of 
the four specific categories of interest rate derivatives - swaps, futures and 
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forward contracts, option contracts written, and option contracts purchased - is 
analyzed separately. 

To facilitate a focus on banks that are primarily end users of interest rate 
derivatives, while controlling for the pervasive effects of a very large or small 
asset size on derivatives activities, we follow Gunther and Siems (1995a) and 
Carter and Sinkey (1998) by restricting our sample to commercial banks with 
total assets between $100 million and $1 billion. Because this restriction is 
designed to exclude large dealer operations, the volume of contracts covered 
by the analysis is considerably reduced. However, the potential motivations 
facing the end users of derivatives typically differ from the factors intluencing 
dealing activities, and many of the hypotheses we wish to develop and test 
relate to end users only. Dealer activities tend to focus more on market making 
and brokering opportunities. End users, on the other hand, tend to use deriva- 
tives mainly to hedge balance sheet risks or possibIy to speculate on the future 
direction of market prices. 

The results indicate that the distinction between the likelihood of derivatives 
participation and the extent of derivatives participation is an important one. In 
particular, we find the decision to use interest rate derivatives depends on a 
different set of factors than the extent of derivatives participation. 

Most importantly, for the 199 1-1994 period, bank capital significantly 
enhances the extent of participation in interest rate swaps and futures and 
forward contracts, while having little effect on the decision of whether to 
participate in these markets. The finding of a linkage between capital and the 
extent of derivatives activities is consistent with Gunther and Siems (1995a. b) 
and Carter and Sinkey (1998) and supports the view that regulation, market 
forces, or both, effectively tie potentially speculative derivatives activities to 
capital adequacy. This finding should provide some comfort to policymakers. 
in that even if derivatives are used largely to speculate, which seems unlikely. 
at least this activity tends to be the highest at banks with a relatively large 
capital cushion. A similarly positive interpretation of our results, and the one 
that appears most likely, is that highly capitalized banks wish to protect the 
security of their financial position and so use interest rate derivatives to hedge 
unwanted risks. In this case, the only concern is that perhaps less well capitalized 
banks should be making greater use of derivatives as well. Evidence of a positive 
capital effect is also found for the 199.5-1998 period, in which high levels of 
capitalization enhance the extent of participation in interest rate swaps, option 
contracts written, and option contracts purchased. 

In addition, another important empirical pattern emerges in both periods. 
Both the decision to use interest rate derivatives and the extent of their usage 
are positively related to interest rate risk exposure, as measured by the absolute 
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value of a one-year maturity gap. This finding supports the view that the hedging 
of balance sheet positions is an important motivation for banks’ invoIvement 
in derivatives activities. The next section develops the empirical model. We 
then describe our hypotheses and data, present the results, and offer our 
conclusions. 

1. EMPIRICAL MODEL 

An econometric analysis of the derivatives activities of U.S. banks is 
complicated by the limited nature of the dependent variable. Both the decision 
of whether to participate in derivatives activities and the extent of any 
participation are important areas of empirica investigation. Previous studies 
have tended to use the tobit model as an estimation framework (see 
Koppenhaver, 1990; Sinkey & Carter, 1994). Similarly, Kim and Koppenhaver 
(1993) use a probit model to analyze a bank’s decision of whether to use interest 
rate swaps and a separate tobit model to incorporate the extent of derivatives 
usage. However, the tobit mode1 does not allow for differences between the 
factors that influence whether a bank participates in derivatives activities and 
the factors influencing the extent of derivatives participation for those banks 
choosing to participate. By not separating the factors that influence the decision 
to use derivatives from the factors determining the extent of usage, the tobit 
mode1 can confound the two and mistakenly identify a particular variable as 
explaining the extent of derivatives usage when actually its importance lies only 
in influencing the decision of whether to use derivatives. 

It is not difficult to envision cases in which the influence of a particular variable 
on the decision of whether to participate in derivatives activities may differ from 
the influence of that variable on the extent of derivatives participation. One 
potentially important determinant of derivatives activities is regulation, To the 
extent regulators require additional capital to support increasing levels of 
derivatives activities, a positive relationship could emerge between bank capital 
ratios and the extent of derivatives participation. However, regulators may focus 
primarily on the level of derivatives activities for those banks participating, as 
opposed to a bank’s decision of whether to participate at all. 

A generalization of the standard tobit model is required to allow for a 
distinction between the factors influencing the decision of whether to use interest 
rate derivatives and those influencing the extent of derivatives participation. In 
this study, we use a particular variant of the generalized class of tobit models 
proposed by Cragg (1971). The decision of whether to participate in derivatives 
activities is specified using a probit model, while the extent of derivatives 
participation is represented by an OLS regression. In the regression, it is 
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assumed that the log of the level of derivatives participation is normally and 
independently distributed, given that the level of participation is nonzero. The 
probit model is given as: 

Pr (y, = 0) = I ~ @  (8’ x, ), (1) 

where 4’ is the observed level of derivatives activities, 4 is the standard normal 
cumulative distribution function, and X is a k x 1 vector of explanatory 
variables. If In 4’ - N(y’X, u) for v > 0, then the likelihood function is given 
as: 

.v 
L = ;J, [l - 4 (P’X, )I ” ‘f’ KJ(P’Xj) f (Y, 1 Y, ’ O)J’f~ (2) 

where I is a binary indicator variable that equals 1 if y > 0 and 

f (y, 1 yj > 0) = (u y, ) ’ (2~). I” exp[-(In J, ~ y’ XC )’ I Zu’l. 0) 

Note that /3 and y can be estimated separately.’ 

2. HYPOTHESES AND DATA 

We measure the derivatives activities of individual commercial banks using call 
report data for each year from 1991 through 1998, but divide our analysis into 
two equal time periods: 1991-1994 and 19951998.’ Derivatives users are 
defined as those institutions reporting a positive notional value of interest rate 
swaps, futures and forward contracts, option contracts written, or option 
contracts purchased, The four major categories of interest rate derivatives are 
analyzed separately. Following Demsetz and Strahan (1997), we use the notional 
values of outstanding interest rate contracts and measure the extent of derivatives 
activities by the ratio of these notional values to total assets.” 

Several variables are used to capture the potential influence of various factors 
on derivatives activities. In defining these variables, we attempt to align our 
work with previous studies.’ 

2.1. Bunk Size 

Derivatives activities are likely to be influenced by bank size. The technical 
expertise and extensive customer relationships typically associated with a large 
size enhance the ability of large institutions to implement tinancial innovations, 
as argued by Booth, Smith and Stolz (1984) and Hunter and Timme ( 19Xh). In 
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the present context, technical expertise and a large customer base facilitate 
involvement in derivatives through trading or dealing, suggesting that size 
should be positively associated with derivatives activities. In this regard, a clear 
conceptual division exists between the role of large banks as dealers in 
derivatives and the role of smaller banks as the end users of derivative products. 
However, the smallest of U.S. banks rarely use derivatives, even in the capacity 
of end users. As a result, it appears that end user activity is likely to be the 
most apparent among medium-sized banks. 

We control for the potentially important influence of bank size on derivatives 
activities in two ways. To facilitate a focus on banks that are primarily end 
users of interest rate derivatives, while controlling for the pervasive effects of 
a very large or small asset size on derivatives activities, we restrict our sample 
to U.S. commercial banks with total assets between $100 million and $1 billion.’ 
Because this restriction is designed to exclude large dealer operations, the 
volume of contracts covered by the analysis is considerably reduced. However, 
the potential motivations relevant to the end users of derivatives typically differ 
from the factors influencing dealing activities, and many of the hypotheses we 
wish to develop and test relate to end users only.’ To control for any remaining 
influence of bank size on derivatives activities within the relatively homoge- 
neous size group of banks used in our analysis, we include as an explanatory 
variable the natural logarithm of total assets (SIZE). 

2.2. interest Rate Risk 

Exposure to interest rate risk represents a potential incentive for banks to use 
interest rate contracts for hedging purposes. Here, a bank’s mismatch in the re- 
pricing of assets and liabilities is measured as the absolute value of the difference 
between assets and liabilities re-pricing or maturing within one year, scaled by 
total assets (GAP).l” If banks use derivatives to offset mismatches in the re-pricing 
of assets and liabilities, then GAP should be positively related to both the proba- 
bility and the extent of derivatives participation. Conversely, to the extent that 
the primary use of derivatives is to speculate on interest rate movements, then 
to obtain a given level of interest rate risk a relatively low GAP could require a 
relatively high level of derivatives activities. 

2.3. lntermediution Spread 

We also include in the regressions a bank’s net interest margin. The ratio to 
average assets of interest income less interest expense (NM) provides an 
indicator of the spread earned in providing intermediation services. To the extent 
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NIM reflects franchise value, the incentive to protect rents would be expected 
to produce a positive relationship between NZM and hedging activities. However, 
to the extent that derivatives are used primarily to speculate, the protection of 
franchise value could entail a negative relationship between NIM and derivatives 
activities. 

2.4. Hedging Substitutes 

Nance, Smith and Smithson (1993) argue the use of derivatives to hedge risks 
can increase the value of firms by reducing the costs associated with tinancial 
distress and the likelihood of bond defaults. While the potential influence of 
these types of agency cost considerations may assume a relatively minor role 
in the context of banking, since both the value of the deposit insurance guarantee 
and the associated risk-taking incentives increase as a bank approaches 
insolvency, we nevertheless follow Sinkey and Carter (I 994) and include in the 
model potential hedging substitutes. In particular, firms may use techniques 
other than hedging to help reduce agency costs, such as the substitution of 
convertible debt or preferred stock for straight debt or the imposition of dividend 
restrictions. To control for these potential influences, we include the ratio to 
total assets of subordinated notes and debentures (NOTES), the ratio to total 
assets of preferred stock (PREF), and the ratio of dividends to average assets 
(DIV). Eased on these considerations, the expected relationship between hedging 
and both NOTES and PREF is negative, while a positive sign is expected for 
DIV. 

2.5. Capitui Adeyuucy 

To identify the relationship between derivatives activities and capitalization, we 
include in the model the ratio of equity capital to total assets (CAPITAL). It is 
well known that mis-priced deposit insurance can motivate banks to take on 
increased risk (see Merton, 1977, 1978; Kareken & Wallace, 1978; Buser, Chen 
& Kane, 1981; Marcus, 1984; Kane, 1985, 1989; Merton & Bodie, 1992). IF 
banks use derivatives primarily to speculate, then moral hazard incentives could 
give rise to a negative relationship between CAPITAL and both the probability 
and extent of derivatives participation. However, regulation, market forces, ot 
both could offset moral hazard incentives and result in a positive relationship 
between CAPITAL and speculative derivatives activities. 

On the other hand, if banks use derivatives primarily to hedge, then moral 
hazard incentives could produce a positive relationship between CAPITAL and 
derivatives activities. Conversely, a negative relationship between CAPITAL 
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and derivatives activities could result if regulatory constraints or market disci- 
pline led thinly capitalized banks to hedge against further adverse earnings 
resuhs. If derivatives are used mostly to hedge, it is important to note that a 
positive relationship between CAPITAL and derivatives activities, while possibly 
reflecting a moral hazard effect, would nevertheless offer some comfort to 
policymakers, in that it would suggest highly capitalized banks are using interest 
rate derivatives to hedge unwanted risks. In this case, the only concern is that 
perhaps the less well capitalized banks should be making greater use of 
derivatives as well. 

3. RESULTS 

Tables 1 and 2 present the sample means of the explanatory variables for each type 
of interest rate derivative - swaps, futures and forward contracts, option contracts 
written, and option contracts purchased - using year-end data for 1991-1994 and 
1995-1998, respectively. In calculating the means, the observations are catego- 
rized according to whether the banks engaged in derivatives activities or not. The 
regression results are shown subsequently in Tables 3 and 4. 

3.1. Sample Mmns 

While the majority of the medium-sized banks were not involved in interest 
rate derivatives, a considerable number did report substantial derivatives 
activity. As shown in Table 1, of the 7,397 observations analyzed for the 
1991-1994 period, 867, or 11.7%, include participation in interest rate swaps. 
For the 1995-1998 period, the number of institutions participating in interest 
rate swaps drops to 551, or 7.8% of the total number of mid-sized banks, as 
shown in Table 2. The rate of participation for the remaining three types of 
interest rate derivatives is substantially lower than the participation rate for 
swaps. 

The differences in means between banks participating in derivatives activities 
and those not participating in some cases accord well with the hypotheses 
formulated earlier. In particular, derivatives participation is directly associated 
with SIZE for each of the four types of derivatives contracts and in each of the 
two periods, with the sole exception of option contracts written in the 1991-1994 
period, where the difference does not quite reach the 5% significance level, 
based on the Wilcoxon two-sample test (normal approximation) for the same 
location parameter across the two groups of observations. This linding supports 
the view that a large size enhances the ability of banks to implement financial 
innovations, of which derivatives activities are one type. Similarly, in seven of 
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the eight cases examined, derivatives participation is directly associated with 
the mismatch in the m-pricing of assets and liabilities, as measured by GAP, 
suggesting banks use derivative instruments to hedge against interest rate risk. 

The univariate results for the remaining explanatory variables line up less 
neatly with our hypotheses. Based on the substitute-for-hedging hypothesis, the 
expected relationship between derivatives activities and both subordinated notes 
and debentures (NOTES) and preferred stock (PREF) is negative, whereas the 
differences in means suggest positive relationships. One possible explanation 
for the univariate results regarding NOTES is the inclusion of this item in tier 
2 regulatory capital. In addition, it is conceivable that both NOTES and PREF 
may simply be proxies for the overall degree of financial sophistication a bank 
possesses, thereby resulting in a positive relationship with derivatives activities. 
The univariate results for net interest margin (NM) and the capital ratio 
(CAPITAL) are mixed. In two of the eight cases, derivatives participation is 
associated with higher dividends (DIV), consistent with the substitute-for- 
hedging hypothesis. 

These univariate results are of course limited, in that the analysis does not 
hold other factors constant and the comparisons deal only with the decision to 
participate in derivatives activities, not the extent of participation. To address 
these shortcomings, we now turn to the regression analysis. 

3.2. Regression Results 

As with the analysis of differences in means, the regression results shown in 
Tables 3 and 4 in some cases accord well with the hypotheses formulated earlier. 
The likelihood of derivatives participation is directly associated with SIZE for 
each of the four types of derivatives contracts and in each of the two periods, 
with the sole exception of option contracts written in the 1991-1994 period. 
This finding supports the view that a large size enhances the ability of banks 
to implement financial innovations. However, SIZE is significant in only four 
of the eight regressions based on the extent of derivatives participation, and its 
sign is negative. This seems to suggest the restricted sample successfully 
excludes most dealing activities. 

Again closely paralleling the results based on differences in means, deriva- 
tives participation is directly associated with the mismatch in the re-pricing of 
assets and liabilities, as measured by GAP, in seven of the eight cases examined. 
The strength and consistency of this result firmly support the view that banks 
use derivative instruments to hedge against interest rate risk. 

In addition, the regression results also indicate maturity mismatches boost 
the extent of bank participation in derivatives activities. This empirical pattern 
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Table 3. Estimation Results for the Likelihood and Extent of Bank 
Participation in Interest Rate Derivatives, 1991-1994.” 

Swapsh 
Futures and Forward Option Contrasts Option Contracts 

Contractsb Writtenh Purchasedh 

Pr(yr0) lnyly>O PrCy>O) lnyly>D Prb>O) lnyly>O Pr(y>O) Inyly>O 

constant -9.310** -0.889 -6.840” 2.728 -4.421** 3.560 -7.414”’ 2.202 
(0.418) (0.929) (0.725) (3.683) (0.997) (4.9 15) (0.569) (1.621) 

SIZE 0.647** -“0.291*” 0.403** -O.lXS 0.149 -0.644 0.416” -0.490** 
(0.033) (0.071) (0.056) (0.258) (0.079) (0.405) (0.045) (0.123) 

GAP 0.944” 1.411** 0.647” 1.450 0.537 0.936 1.403” 0.604 
(0.144) (0.325) (0.257) (1.397) (0.332) (1.740) (0.186) (0.590) 

MM -3.806’ 15.33”” -6.610” -24.44 0.789 1.785 4.876” - 1.692 
(1.642) (3.25) (3.369) (19.40) (3.203) (10.92) (1.806) (4.718) 

NOTES 32.04” 24.79’” -0.872 129. I’ 12.64” 46.17 10.41’ 9.373 
(3.95) (6.19) (8.806) (58.5) (6.17) (39.65) (4.52) (15.89) 

PREF -26.48’ 13.87 13.79” -49.96’ -3.057 14.72 1.249 -25.57 
(11.31) (32.86) (5.75) (24.45) (I 1.45) (80.36) (5.277) (I 5.34) 

DIV 8.259” -9.576” -0.229 67.48 -5.248 19.49 2.289 29.65” 
(1.718) (3.015) (3.751) (35.58) (7.480) (37.27) (1.901) (10.94) 

CA PITAL 0.394 I I .03** -1.180 22.01** 0.304 9.478 -0.554 6.476 
(0.660) (I .62) (1.235) (5.98) (1.398) (7.891) (0.988) (3.547) 

Observations 7,397 867 7,397 133 7.397 55 7,397 281 

a Standard errors are in parentheses. ** Significant at the I% level. * Significant at the 5% level. 
b The dependent variables are based on the level of derivatives activity ()I), as indicated by the ratio 
to total assets of the notional value of outstanding interest rate contracts. 

is particularly strong for the 1995-1998 period. The extent of swaps participa- 
tion is positively associated with GAP in both periods, while the extent of 
participation in both futures and forward contracts and option contracts 
purchased is positively associated with GAP in the 1995-1998 period. These 
findings indicate the hedging of balance sheet positions is an important 
motivation for substantial derivatives usage. 

The regression results for intermediation spreads are not very strong. For the 
1991-1994 period, four of the eight coefficients on net interest margin (NIM) 
are significant, but only two possess the expected positive sign. For the 
1995-1998 period, NIM is negatively associated with participation in futures 
and forward contracts. 

The hedging substitutes hypothesis also receives very limited support. If the use 
of subordinated debt helps reduce agency costs, and derivatives are used for the 
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Tabk 4. Estimation Results for the Likelihood and Extent of Bank 
Participation in Interest Rate Derivatives, 19951998.” 

Futures and Forward Option Contracts Option Contracts 
SWlps Contracts Written Purchased 

Pr (.v > 0) In yly z 0 Pr (y r 0) In yly > 0 Pr (y > 0) In yly z 0 Pr (y > 0) In y1.b > 0 

Constant 

SIZE 

GAP 

N/M 

NOTES 

PREF 

OlV 

CAPI’I’A L 

-- 10.72” 0.053 fi37s* 4.522 -7.490"' 3.66X 6.95 I“ 2.573 
(0.48) (1.116) (U.836) (3.979) (l.011) (4.353) (0.560) (1.30X) 
0.726" 0300* 0.379." 0.007 0.4X1”’ --0.641 O.43U" 0.544" 

(0.038) (O.OR4) (0.064) (0.295) (0.077) (0.134) (0.044) (0.100) 
t.213" 1.796"' 0.845" 3.549" 1.071"' 1.303 0.927" l.610" 

(0.168) (U.372) (0.287) (1.273) (0.333) (1.271) (0.1%) (0.452) 
2512 0.679 m13.6fjqT 19.51 . 8.663 -22.34 0.912 1.416 

(1.333) (2.087) (4.2.5) (23.86) 14.551) (17.60) (1.519) (2.022) 
24.51*' 5.848 6.X39 IO.12 6.449 4.695 -5.248 24.17 
14.53) (6.010) (6.682) (2254) (7.890) (25.95) (7.095) (20.69) 

ml.843 12.43 30.9S7 4.087 6.619 32.06 12.77'* -26.41" 
(3.448) (12.03) (6.76) 19.923) (6.926) (38.96) 13.80) (6.371 
0.282 6.556 - 1 .h6B 54.36 0.437 29.62 1.16X 5.667 

(0.872) (4.456) (5.341) (27.84) (5.723) (21.46) (1.204) (7.225) 
1.760 " 3.756"' 0.x43 3.800 --2.332 13.24’ 3.252" 11.19” 

(0.464) (0.959) (1.156) (3.840) (1.6X41 (6.51) (1.03U) (2.58) 

Observations 7,032 551 7.032 106 7.032 61 7,032 297 

See the notes to Tahlc 3 

same purpose, then high levels of subordinated debt may reduce derivatives 
activities. However, for the 1991-1994 period, subordinated notes (NOTES) 
significantly increases the probability of using interest rate derivatives in three of 
the four derivatives categories, while also increasing the extent of participation in 
both swaps and futures and forward contracts. For the 19951998 period, NOTES 
is significant in only one of the eight cases examined, in which it raises the 
likelihood of participation in interest rate swaps. As noted in conjunction with the 
difference-in-means results, the inclusion of subordinated debt in tier 2 capital, 
and the possibility that NOTES tnay simply be a proxy for the overall degree of 
financial sophistication a bank possesses, are possible explanations for the 
positive relationship with derivatives activities. 

The results for preferred stock are mixed. For the 1991-l 994 period, the use 
of preferred stock (PREF) reduces the likelihood of participation in interest rate 
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swaps and is also negatively associated with the extent of participation in futures 
and forward contracts, as suggested by the substitute-for-hedging hypothesis. 
In addition, for the 1995-1998 period, PREF is negatively associated with the 
extent of participation in option contracts purchased. However, looking across 
the results for both periods, in three other significant cases PREF possesses a 
positive sign, contrary to expectations. Similarly mixed rest&s are found for 
the dividends variable, DIV, which is significant in only three cases, all of which 
are in the 1991-1994 period. 

Much more consistent results are found for bank capital CAPITAL is highly 
significant in the 1991-1994 period in enhancing the extent of participation in 
both interest rate swaps and futures and forward contracts, while having no 
significant effect on the decision of whether to enter those markets. Similarly, 
for the 1995-1998 period, CAPZTAL is positively associated with the extent of 
participation in swaps, option contracts written, and option contracts purchased. 
In addition, CAPITAL boosts the likelihood of participation in interest rate swaps 
during the latter period. The only surprise regarding the results for CAPITAL 
is its negative sign in the regression for the likelihood of participation in option 
contracts purchased. Nevertheless, the results for CAPITAL in the extent of 
participation regressions are strong, with a positive sign in each of the eight 
cases examined and statistical significance in five. 

Overall, these findings highlight the importance of distinguishing the determi- 
nants of derivatives participation from the factors influencing the extent of 
participation. ‘I In addition, the results with regard to the capital variable support 
the view that regulation, market forces, or both, effectively tie potentially specu- 
lative derivatives activities to capital adequacy. A similarly positive interpretation 
of the findings for capital is that highly capitalized banks wish to protect the 
security of their financial position and so use interest rate derivatives to hedge 
unwanted risks. It may be difficult to pin down the distinguishing factors that give 
rise to the relatively strong results for the relationship between capitalization and 
the level of interest rate derivatives usage. With regard to interest rate swaps, the 
results are consistent with the general impression that banks have implemented 
mechanisms for monitoring and evaluating the potential credit risks posed by 
swap counter-parties. 

4. CONCLUSION 

Using data from two separate periods, 1991-1994 and 3995-1998, we have 
analyzed the factors influencing a bank’s decision to participate in the interest 
rate derivatives market in the capacity of an end user, as well as the factors 
influencing the extent of that participation. 
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The first result we wish to emphasize is a positive relationship between 
interest rate risk exposure, as measured by a one-year maturity gap, and both 
the decision to use interest rate derivatives and the extent of their usage. This 
finding indicates the hedging of balance sheet positions is an important 
motivation for banks’ involvement in derivatives activities. 

Another primary result of our study is that a strong capital position boosts 
the extent of participation in derivatives activities. This finding supports the 
view that highly capitalized banks wish to protect the security of their financial 
position and so use interest rate derivatives to hedge unwanted risks. The only 
concern with regard to this interpretation is that perhaps less well capitalized 
banks should be making greater use of derivatives as well. The positive capital 
relationship is especially encouraging from a policy standpoint, since even if 
derivatives are used largely to speculate, which seems unlikely, this finding 
suggests the activity tends to be the highest at those banks with the greatest 
ability to absorb any related losses. 

We conclude by noting that our results reflect general tendencies in the 
banking industry, and these findings alone do not rule out the possibility that 
individual institutions have used derivatives to increase risk. Nevertheless, the 
empirical patterns we document across a span of eight years strongly support 
the view that in the great majority of cases end users have successfully used 
interest rate derivatives to hedge unwanted risk. 
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NOTES 

1. Siems (1995) describes some of the derivatives disasters and discusses appro- 
priate regulatory and supervisory responses. 

2. This point is reinforced by Froot, Scharfstein and Stein (lYY3), Culp and Mackay 
(1994), and Goswami and Shrikhande (1998). 

3. As emphasized by Lin and Schmidt (1984), in many situations reasons exist to 
suspect that the determinants of a nonzero outcome may differ from the factors 
influencing the magnitude of an outcome. given that it is nonzero. 
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4. The separability of /3 and y reflects the assumption of zero correlation between 
the error terms of the probit and Iinear regression equations. A nonzero correlation would 
result in sample selection. The zero-correlation assumption is tested below. 

5. The data used here are from the bank call reports submitted to the Federal Financial 
Institutions Examination Council and are obtained from files maintained at the Board of 
Governors of the Federal Reserve System. We also investigated the possibility of conduct- 
ing our analysis at the company level, rather than the bank level. However, some of the 
relevant variables are defined differently on the holding company report (FR Y-9C) than on 
the bank call report. As a result, an analysis at the company level necessarily would have 
been restricted to banking organizations that fiIed the holding company report, irrespective 
of whether they operated a single bank or multiple banks. Unfortunately, that restriction, 
coupled with the size restriction we employ, would have left too few observations on activ- 
ities within the relatively narrow interest rate derivative categories we analyze. 

6. The notional value of derivatives contracts is an imprecise measure of derivatives 
activities. The notional value of an interest rate swap, for example, represents the 
principal upon which the traded interest payments are calculated, and a bank that serves 
merely as an intermediary in a swap transaction reports the same notional value twice, 
once for each side of the swap. However, due to data limitations, most previous studies 
of derivatives activities are also based on notional values. We should note that for banks 
with interest rate derivatives activities, the correlation between total notional value and 
replacement cost as reported for risk-based capital purposes is relatively high (0.85 in 
1991-1994, for example), despite inconsistencies in the types of contracts reported. The 
replacement cost figures exclude some types of interest rate derivatives and are consis- 
tently available only in the aggregate. 

7. In addition to the types of tinancial variables we use as controls, Sinkey and 
Carter (1994) also include variables related to the potential use of derivatives in reducing 
expected taxes. However, they find little evidence supporting the relevance of those 
additional variables. 

S. To avoid the effect of inflation on the size restriction, total assets are deflated by 
the CPI. 

9. Shyu and Reichert (2001) evaluate derivative use by large international banking 
organizations. 

10. The variable GAP is calculated as the absolute value of the ratio to total assets 
of the difference between term assets and term liabilities with a re-pricing frequency or 
remaining maturity of one year or less, where term assets include loans and debt secu- 
rities while term liabilities include time deposits. 

Il. The assumption of zero correlation between the error terms of the probit and 
linear regression equations is tested using the resuhs of Heckman (1979). For the 
1991-1994 period, the t-statistics on the inverse Mill’s ratios are -~3.45, 1.35, ~ 1.28, 
and 0.68 for swaps, futures and forward contracts, option contracts written, and option 
contracts purchased, respectively. These results point to a potential violation of the zero- 
correlation hypothesis only in the case of swaps, and the results reported here on the 
positive linkage between capitalization and the level of swap usage are qualitatively 
identical to the results obtained from Heckman’s two-step procedure. The Heckman 
procedure produces an estimated coefficient for CAPITAL of 10.24, with a corrected 
standard error of 2.43. For the 19951998 period, the t-statistics on the inverse Mill’s 
ratios are 1.61, 0.83, -0.76, and -0.64 for swaps, futures and forward contracts, option 
contracts written, and option contracts purchased, respectively. 
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THE DETERMINANTS OF 
DERIVATIVE USE BY U.S. 
ANDFOREIGNBANKS 

Yih-Wen Shyu and Alan K. Reichert 

ABSTRACT 

The study examines the jnancial and regulatory fuctors thut influenced the 
exrent of derivative activity at twenty-jive large iniernutional dealer bunks 
daring the 1995-1997 period. The findings indicate that their derivative 
activity is directly related to the size of the bank’s capitul rutin, asset size, 
maturity gap, and credit ruting, but inversely related to bank projfahili~. 
The greater the opportunity for commercial banks to pursue investmrrrt 
bunking activities the 1~s~ incentive they have to expand their level of deriv- 
ative activity. Banks that are allowed to make direct investment in 
industrial firms appear to have more opportunities to cross-sell various 
types c>f derivatives, such as swaps. 

I. INTRODUCTION 

International banking represents a very dynamic and potentially risky activity. 
The volume of activities in international banking has grown tremendously, 
forging close interdependencies among banks in many developed countries. The 
recent acquisition of Bank of New York by Deutsche Bank of Germany repre- 
sents the largest international bank merger in history. A number of studies such 
as Hultman and McGee (1989), Grosse and Goldberg (1991), Ramchander, 

Research in Finance, Volume 19, pages 143-172. 
Copyright 0 2002 by Elsevier Science Ltd. 
All rights of reproduction in any form reserved. 
ISBN: O-7623-0965-2 

143 



144 YIH-WEN SHYU AND ALAN K. REICHERT 

Reichert and Jayanti (1999) have found a positive relationship between the 
expansion activities of international banks, the level of international trade, and 
direct foreign investment. These changes have intensified competition, forced 
banks to become more cost efficient, and made bank behavior interdependent 
internationally. 

While the growth in international banking and commerce has stimulated the 
provision of worldwide financial services, it has also generated new risks with 
global consequences. Uneven regulatory standards have developed across 
countries that lead to differing performance among banks in various countries. 
International banks are increasingly exposed to a multitude of risks such as, inter- 
est rate risk, foreign exchange risk, credit risk, funding risk, and derivative risk, 

New financial instruments, such as derivatives, are widely used by intema- 
tional banks to protect themselves and their customers from financial risks as 
well as a means of enhancing earnings. The growth of derivative transactions 
highlights the rapidly changing nature and level of sophistication associated 
with international banking. The types of financial service activities that banks 
engage in have become increasingly complex in both theory and practice. For 
example, asset-liability management is no longer a straightforward process 
(Khambata, 1996). As end users of derivatives, swaps have become an accepted 
hedging tool for many banks even though they can use on-balance sheet 
strategies to manage interest rate risk. 

2. BACKGROUND AND LITERATURE REVIEW 

As dealers, banks provide risk-management services to customers for a fee. 
These risk-management services often broaden and strengthen the traditional 
bank customer relationship and indirectly promote the growth of commercial 
loans (Brewer, Minton & Moser, 1996). Therefore, major U.S. banks and a 
handful of intemationa1 banks with strong analytical capabilities have been quick 
to develop and promote a variety of new instruments. They have also 
developed strategies that are designed to provide additional types of risk 
reduction along with enhanced earnings. These strategies include leveraged 
swaps, inverse floater swaps, differential swaps, and index principal swaps to 
name just a few. Financial derivatives have become the fastest growth segment 
of the financial service industry. 

The rapid growth in the market for derivatives has generated controversy 
regarding the economic rationale for and benefits of these instruments. Some 
observers, such as Thorbecke (1993, argue that unrestricted growth in swaps 
and other derivatives may ultimately threaten the stability of the financial 
markets, given that derivative dealers are highly concentrated among a few large 
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financial institutions. This is the justification that the Federal Reserve used in 
support of its efforts to arrange a bailout of the Long Term Capital, Inc.’ On 
the other hand, Recent research by CuIp and Mackay (1994) and Goswami and 
Shrikhande (1997) emphasize that derivative instruments offer firms new 
choices to help minimize financing costs and interest rate risk. More impor- 
tantly, derivatives have strengthened linkages between markets that have 
increased market liquidity and efficiency. 

Previous studies have focused on three areas: (I) how derivatives are used 
by commercial banks; (2) the major determinants that encourage banks to use 
derivatives; and (3) the relationship between bank risk and derivative usage. 
For instance, studies conducted by Kim and Koppenhaver (1992), Sinkey and 
Carter (1994), and Gunther and Siems (1995) examine the extent of swap market 
participation and investigate the role of banks in derivative activities. These 
studies find that the likelihood of participation in derivative activities depends 
on several crucial determinants, such as a bank size, maturity gap, net interest 
margin, and the level of bank capital. 

Shanker (1996) and Venkatachalam (1996) tind that derivatives are effective 
in reducing banks’ interest rate risk, while Choi and Elyasiani (1997) stress the 
relative contribution to foreign exchange risk management. Chaudhry and 
Reichert (I 998) find that the use of interest rate swaps reduces the systematic 
and unsystematic risk of large commercial banks while the use of options consis- 
tently increases risk. 

Nevertheless, considerable controversy regarding the effects of derivative 
usage still exists as witnessed by the conflicting findings of Sinkey and Carter 
(1994), Gunther and Siems (1995), Simons (I 995), and Hirtle (1997). It is 
unclear whether derivatives tend to reduce or enhance risk at the domestic U.S 
level, let alone at the international level. This study makes a direct comparison 
between U.S. banks and foreign banks with respect to their derivative activities. 

Banking and Derivative Use 

Traditional theories of intermediation have centered on transaction costs and 
asymmetric information. For example, Gurley and Shaw (1960) and subsequent 
researchers (i.e. Deshmukh, Greenbaum & Kantas, 1983; O’hara, 1983; Thakor, 
1984) have stressed that both fixed costs and variable trading costs can be easily 
shared which results in the dual roles of brokerage and asset transformation for 
a banking firm. Due to a cost advantage in information production, informational 
asymmetries provide the basis for intermediation (Leland & Pyle, 1977; 
Diamond, 1984; Bhattacharya, 1993). Banks in particular are competent to 
handle contracts with a low degree of standardization in order to deal with more 
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diversified capital suppliers and demanders (Collin, 1997). However, transaction 
costs have fallen as information has become cheaper and more readily available. 
Meanwhile, financial innovations accelerate the introduction of new financial 
services, such as swaps and other complex derivative instruments. Therefore, 
Allen and Santomero (1998) suggest that participation costs are able to account 
for a large majority of the trading in the markets for new derivatives, particularly 
those derivatives focused on risk management. This implies that standard theo- 
ries of intermediation based on transaction costs and asymmetric information 
are insufficient to explain the derivative activities of financial institutions as 
risk management plays a key role in the activities of intermediaries. By creating 
derivative products with stable distributions of cash flows, banks can lower the 
costs of market participation, which includes the marginal costs of monitoring 
markets on a daiIy basis for their individual customers. 

Bank Regulation 

In addition to an intermediary role, the banking firm is a highly regulated enter- 
prise. Busher, Chen and Kane (1981) Gjerde and Semmen (1995), and Park 
(1997) examine the effect of regulation on the risk-taking incentive of banks. They 
found that a small regulatory change could eBcit a significant impact in the risk- 
taking behavior of banks. In this regard, a bank’s involvement in derivative activ- 
ities can be viewed as a function of regulatory parameters. 

The intense competition among banks and non-bank financial firms has led 
to the recent wave of mergers and acquisitions between commercial and invest- 
ment banking. Brewer (1990) finds evidence of economies of scale for banks 
that have a negative correlation between banking holding company (BHC) risk 
and asset size. His empirical results show that the degree of risk reduction is 
related to the mix of non-bank assets. Using a different methodology which 
form efficient portfolios of both traditional and non-traditional banking services 
during the 1970-1989 period, Wall, Reichett and Mohanty (1993) find that 
forming a combination of banks and securities brokers/dealers may reduce risk 
while increasing BHC returns. In a more recent study using similar method- 
ology and data from 1990-1997, Reichert and Wall (2000) find that bank 
holding companies have become a more important part of an efficient portfolio 
of diversified financial services along with insurance agencies and regulated 
investment companies. Thus it seems likely, due to increased competition for 
traditional lending products and increased pressure on net interest margins, that 
U.S. bank holding companies may be inclined to pursue various non-traditional 
banking services, such as securities and derivative activities, along with various 
risk-management related services. 
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Yet not all researchers are convinced that scale and scope economics are 
strongly related to the derivative activities of international banks. For example, 
Jagtiani and Khanthavit (1996) suggest that the regulations that encourage large 
money center banks to expand their product mix may actually result in a less 
efficient banking sector. Edwards (1995) proposes several theories to explain 
the decline of traditional banking. He indicates that banks must now take greater 
risks to maintain former profit levels. The potential interaction of bank 
regulation and economies-of-scale and scope is evident in the Japanese banking 
sector where banks are not as active as U.S. banks in the derivative market 
despite the large asset size of many Japanese banks. 

Table 1 presents information regarding the extent to which banks in the U.S, 
Europe, and Japan are permitted to undertake securities activities and to invest 
in non-financial firms. European banks are unrestricted with respect to securi- 
ties activities, whereas U.S. and Japanese banks face significant restrictions. 
Commercial banks in U.S, Japan, Italy, and Canada face various restrictions on 
investing in non-financial firms. For example, the current Japanese bank 
regulatory and supervisory structure is based on the 198 1 Banking Law. More 
recently, the 1992 Financial System Reform Law was meant to initiate crucial 
competitive reforms in Japan’s financial system. The law expanded the scope 
of permissible business activities, allowing Japanese banks to conduct securities 
business through subsidiaries. Currently, differences in banking regulation and 
supervision between the U.S. and Japan are quite significant. For example, U.S. 
commercial banks are not prohibited from engaging in direct securities 
brokerage, while their Japanese counterparts are. Moreover, the range of permis- 
sit-de financial activities and the terms and conditions on which they can be 
undertaken differ quite markedly between these two countries (Hall, 1994). 
Furthermore, Japanese banks are prohibited from setting up bank holding 
companies, while in the U.S, the dominant form of banking structure is the 
holding company, which controls about 90% of total banking assets. Many 
European banks engage in a wide range of activities directly in the bank or 
through subsidiaries of the bank, rather than through a bank holding company. 
‘Table I indicates that only in the US. and ltaly are bank holding companies 
widely used. 

In July 19X8, the Basle committee on Banking Regulation and Supervisory 
Practices approved the adoption of a risk-based capital standard for banks in 
12 countries.” While most observers agree that the current risk-based capital 
approach is superior to the previous system, the current approach is not without 
limitations. For example, the current system focuses almost exclusively on credit 
risk as opposed to interest rate, liquidity or funding risk. A recent study by 
Allen, Jagtiani and Landskroner (1996) examines the relationship between 
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Table I+ Summary of Bank Regulatory Constraints by Country. 

Country and 
Bank Supervisor(s) 

Securities 
Activities 

Commercial Bank 
Investment in 

Industrial Firms 

Bank Holding 
Company 
Permitted 

CANADA 
Office of the Super- 
intendent of Financial 
institutions 

FRANCE 
Credit Institutions 
Committee, Bank 
Regulatory Commission 

GERMANY 
Federal Banking 
Supervisory Uftice and 
Deutsche Bundesbank 

ITALY 
Bank of Italy 

JAPAN 
Ministry of Finance 
and Bank of Japan 

SWITZERLAND 
Swiss Federal Banking 
Commission 

UNITED KINGDOM 
Bank of England 

UNITED STATES 
Federal Reserve System. 
Comptroller of Currency, 
Federal Deposit 
Insurance Corporation 

Permitted: conducted 
only through 
subsidiarie\ 

Unrestricted; conducted 
either directly in bank or 
through subsidiaries. 

Unrestricted; conducted 
directly in bank. 

Unrestricted: underwriting 
may be through directly 
in bank. whereas sealing 
and brokerage must be 
conducted through 
subsidiaries 

Restricted; only bonds 
and only through 
securitic\ subsidiaries 

Unrestricted; conducted 
either directly in bank 
or through subsidiaries. 

Unrestricted; conducted 
either dircctty in bank or 
through subsidiaries. 

Restricted: bank holding 
companies may be 
permitted to engage in 
securities activities 

Permitted up to 10% 
interest in industrial 
firm 

Unrestricted 

Unrestricted 

Permitted; up to 15% 
of the bank’s capital, 
subject to approval 
of rhe Bank of Italy 

Limited to holding 
5% interest 

Unrestricted 

Unrestricted 

Permitted to hold up 
to Sb of voting shares 
through a holding 
company 

No 

Yes. but infrequently 
used 

Ye\, but infrequently 
used 

Yes, widely used 

NO 

Yes, but infrequently 
used 

Yes, but infrequently 
used 

Yes, widely used 

Source: Adapted from Barth, NoIle and Rice (1997) and Global Survey of III3 in 1997. 

interest rate risk and credit risk both before and after the introduction of the 
Basle Accord. They indicate that under the risk-based capital standards, many 
banks have substituted interest rate risk for credit risk in their asset portfolios. 
Furthermore, a recent study by Mohanty and Reichert (1998) indicates that the 
relative risk weights are somewhat arbitrary and need to be updated. 



Recent changes in capital requirements initiated by the Basle Capital Accord 
Amendment in 1996 are designed to address counter-party risk, interest rate 
risk, and market risk. To some degree these new capital requirements focus on 
trading rather than traditional lending activities. Japanese banks are struggling 
to conform to these new requirements. By contrast, according to the survey of 
the lnstitute of International Bankers in 1997, the Capital Accord Amendment 
has now been implemented in most ELJ member states. Therefore, the Basle 
Accord’s asymmetric treatment of risk may continue to distort the risk-taking 
incentives of Japanese banks. 

Rqqdaiinn of’Bank Derivatives 

Derivative regulation is complex since it involves many types of institutions 
and specialized functions. Efficient and effective regulation is an important tool 
for preserving the vitality of derivative markets since the absence of effective 
regulation or the existence of excessive and burdensome regulation can distort 
the production and distribution of derivative activities. Swan (1994) argues that 
direct access to derivative markets should be a primary goal of effective regula- 
tion. In practice, Wall and Pringle (1988) suggest that regulation often impose 
costs on derivatives such that the attractiveness of swaps may be reduced. Thus, 
a critical issue is whether or not regulation increases or decreases trading costs. 
Derivatives pose important challenges to both bankers and supervisors. Phillips 
(1996) contends that derivative trading activities are more difficult to manage 
and supervise than traditional banking activities, such as commercial lending. 
During 1993, the Office of the Comptroller of the Currency (OCC) and the 
Federal Reserve Board (FRB) issued detailed supervisory guidelines governing 
bank derivative activities. In Europe, liberalization of the capital markets in the 
European Economic Community (EEC) has allowed banks to provide derivative 
business throughout the EEC. Therefore, these Single Market reforms will 
change the derivative markets in Europe and make cross-border derivative 
activities much more prevalent. 

Derivatives used in combination can create different types of risk in unique 
ways that require users to develop more sophisticated risk management 
capabilities. Risk must then be measured and managed on a portfolio basis 
rather than on an individual contract hasis. Derivative dealers have the 
capability of measuring market risks on a portfolio basis, using value-at-risk 
(VaR) measures. Recent amendments to the Basle Capital Accord are designed 
to provide incentives for accurate VaR measurements and require banks to 
maintain even higher levels of capital.” For example, Culp and Mackay (1994) 
contend that given the credit-intensive nature of tnost OTC derivative activities, 
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adequate capitalization is an essential precondition for active participation. 
Poorly capitalized institutions with significant credit risks will find it difficult 
to be competitive. Most, if not all, major U.S. derivative dealers are well 
capitalized in the U.S. 

On the other hand, Peek and Rosengren (1997) suggest that undercapitalized 
banks are likely to be active in derivative markets. Gunther, Hooks and Robinson 
(1997) argue that thinly capitalized banks may have an incentive to take on 
especially risky activities. Deposit insurance can lead to excessive risk-taking 
by banks if the insurance premiums do not fully reflect the additional risks 
involved. If risk is not correctly priced, moral hazard will likely encourage 
banks to undertake higher risk activities. 

Types of Derivatives 

The most common derivatives used by banks include swaps, futures, and options 
contracts based upon various interest rates, currencies, equities, and commodities. 
Table 2 depicts the growing concentration of derivative activities within the 
commercial banking industry. While thousands of institutions use derivatives, 
OTC dealer activity is concentrated among a few large banks worldwide, 
including the U.S. For example, bank holding companies with total assets of at 
least $10 billion hold over 98% of the notional value of all OTC derivatives. 

Table 2. Summary of U.S. Commercial Bank Derivatives Outstanding 
Growth from December 3 1, 199 1 to December 31, 1997. 

($billions) 4th Quarter Percent 4th Quarter Percent Change 
1991 8 1997 % % 

Interest Rate Contracts 3,836 52,4 17,085 68.3 445.3 
Swaps 1,757 24.0 9,018 36.1 513.2 
Futures & Forwards 1,226 16.X 4,083 16.3 332.9 
Options 853 11.6 3,984 15.9 467.0 

Currency Contracts 
Swaps 
Futures & Forwards 
Options 

Other Contracts 

All Contracts 

3,444 45.7 7,428 29.7 215.6 
3% 4.2 613 2.5 200.0 

2,584 35.3 5,3S8 21.4 207.3 
454 6.2 1,4s7 5.8 320.9 

138 1.9 490 2.0 355.0 

7,418 100.0 25,003 loo.0 341.6 

SOIWCP: FDIC Call Reports. 
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Furthermore, the top seven U.S. bank derivative dealers account for 90% of all 
U.S. bank derivative activity. As such, smaller institutions tend to be end-users. 
Block, Gallagher and Mitra (1996) estimate that 72% of banks currently use 
interest rate swaps. Banks indicate that they prefer swaps to options and futures 
because of the availability of longer maturity as well as greater contract 
flexibility. 

A I997 ISDA market survey indicates that interest rate swaps are popular 
worldwide, with the U.S., Japan, France, Germany, and Great Britain being the 
five largest users (see Table 3). Together, these five countries accounted for 
77.7% of the total volume of interest rate swaps during 1997. According to 
Helliar (1996), there are essentially five reasons to engage in the swap market: 
(1) risk management; (2) reduction in funding costs; (3) debt restructuring; 
(4) the opportunity to exploit market imperfections and implement arbitrage 
strategies; and (5) risk separation. 

3. RESEARCH HYPOTHESES 

This study tests the following three broad hypotheses relating to regulation, 
bank performance, and credit risk. 

Regulatory Hypothesis 

A bank’s usage of derivatives is expected to vary significantly across different 
regulatory environments. Specifically, we examine the impact of regulation 

Table 3. Summary of Interest Rate Swaps Statistics 
(Trillions of U.S. Dollars). 

Currency 
US$ Equivalent 

1997 1997 Amount 
Full Year as o/c of Total 

U.S. Dollar (USD) 
British Sterling @BP) 
Deutschemark (DEM) 
French Franc (FRF) 
Japanese Yen (JPY) 
Other Currencie.~ 

$4.386 25.7% 
1.034 6.1% 
2.593 15.1% 
2.518 14.8% 
2.899 17.0% 
3.635 21.3% 

.Sottrr~e: ISDA. 
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on derivative usage by studying the impact of regulatory constraints on bank 
capital and permissible investment activities. Capital supervision is often the 
most important element in an effective bank regulatory system. Park (1997) 
demonstrates that the optimal strategy for many banks is to maintain a capital 
ratio higher than the one required by regulators. A positive relationship between 
the capital ratio and the riskiness of the bank’s asset portfolio is hypothesized. 
In addition, Park suggests that a small regulatory change can have a dramatic 
effect on the risk-taking behavior of banks. Hence, the regulatory hypothesis 
in this study attempts to verify how the implicit cost of regulation influences 
a bank’s preference for derivatives. For example, while both the U.S. and the 
EU regulators appear to have aggressively implemented the international capital 
standards reached by the Basle Committee,4 Japanese regulators have failed to 
keep pace. In addition, it is hypothesized that due to restrictions on direct secu- 
rity activities, investment in industrial firms, and the need to establish separate 
holding companies, Japanese banks are less likely to engage in derivatives 
trading compared to other international banks. 

Furthermore. a positive relationship likely exists between the extent of deriv- 
ative activity and a bank’s capital ratio. As mentioned before, capital adequacy 
plays a crucial role in banking in that it provides a cushion for loan losses and 
provides valuable signals to its uninsured depositors. If bank managers are risk- 
averse, they trade off increased profit for greater capitalization and a lower risk 
of insolvency. Because banks with low capital ratios have a smaller cushion to 
engage in high-risk activities, a positive relationship is expected between a 
bank’s capital ratio and the extent of its derivative activity.’ 

However, in an imperfect information environment the link between capital 
requirements and bank risk-taking may induce moral hazard. Consequently, 
Besanko and Kanatas (1996) contend that enforcing increasingly stringent 
capital standards may result in greater risk exposure for the banks. Allen et al. 
(1996) discuss incentives for a bank to trade unpriced interest rate risk for 
priced credit risk. 

In terms of investment activities the extent of derivative use is negatively 
associated with the degree of regulatory restrictions on direct security activi- 
ties and allowable investment in non-financial firms. It is hypothesized that 
banks which are subject to less restrictive regulation of investment banking 
activities (e.g. European banks) have more freedom to engage in derivatives 
transactions. The rationale for this hypothesis relates to the fact that the deci- 
sion-making behavior of banks depends on the full set of investment 
opportunities as well as unique regulatory regimes. Moreover, the market for 
derivatives like interest rate swaps is a rapidly growing market which many 
non-financial firms actively use (Saunders, 1999). 



Bank Perjormance 

This general hypotheses suggests that a bank’s size and operating performance 
will influence its derivative activities. Since bank performance is multidimen- 
sional the following five sub-hypotheses are tested: 

(1) Bank Size - A positive relationship is expected to exist between the extent 
of a bank’s derivative activity and its size as measured by total assets, Theory 
predicts that large well-diversitied financial intermediaries will be less likely 
to fail than small ones. Thus, larger banks are more likely to use derivatives 
more than smaller banks. Bank size serves as a proxy for a bank’s ability to 
diversify since large banks usually have better diversified asset portfolios 
from both a geographic and industry perspective. Larger banks also have 
greater intellectual capital in the form of more experienced and better trained 
managers than smaller institutions. In support of this hypothesis, Boyd and 
Runkle (1993) find an inverse relationship between size and volatility of asset 
returns. This confirms that bank size confers a potential diversification 
advantage. Saunders and Walter (1994) find that some banks enjoy overall 
economies-of-scale, but there is strong evidence of diseconomies-of-scope 
between lending and fee-based banking activities. Hence, this study exam- 
ines both economies of scale and scope associated with derivative activities. 
Moreover, this positive relationship is reinforced when the bank is aftiliated 
with a bank holding company,” since the holding company is often used as 
a vehicle for bank expansion and diversification. Thus, economies-of- scale 
and scope, two key factors potentially related CO derivatives trading, are 
closely associated with bank size and organizational form. 

(2) Asset-Liability Munngement Approach - A positive relationship is expected 
between the absolute value of a bank’s maturity gap and its participation 
in the derivatives market, Namely, it is hypothesized that banks with greater 
on-balance-sheet interest rate risk, proxied by maturity gap, have and incen- 
tive to use derivatives to hedge at least a portion of this risk. 

(3) Net Interest rWurgin ~ A negative relationship is predicted between the 
extent of derivative activity and a bank’s net interest margin. A bank with 
a low NTM may attempt to increase fee income by selling derivatives prod- 
ucts or by speculating in derivative markets. That is, banks may use 
derivatives as a means of augmenting their earnings to offset reduced 
spreads on traditional banking activities. For example, the interest spread 
of Japanese and U.S. banks has narrowed compared to banks in other 
countries. Motivated by moral hazard, unprofitable banks with low NJMs 
may be inclined to speculate using derivatives, while banks with high 
NlMs will have little incentive to speculate. 
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(4) Loan Porlfolio Composition - A positive relationship is expected between 
the extent of a bank’s derivative activity and the level of its commercial 
and industrial loan portfolio. The bank’s risk-management services and 
derivative products will likely serve to strengthen the overall customer rela- 
tionship. As James (1987) and Hughes and Mester (1996) contend, lending 
is an information-intensive activity that banks perform efficiently because 
information is not readily available to non-bank lenders. Derivatives generate 
market signals since one or more of the counter parties to an OTC swap 
contract is often a commercial bank, with the contract tailored to the idio- 
syncratic needs of both counter-parties, much like a commercial loan. It 
is also hypothesized that a complementary income effect exits between 
derivative usage and the bank’s C&I Joan portfolio. 

(5) Liquidity Hypothesis - A positive relationship is expected between a bank’s 
derivative activity and its liquidity position, since banks with greater 
liquidity are in a better position to manage large derivative positions (Jordan 
1995). Also as suggested by Santomero and Trester (1998), increased 
liquidity enables banks to assume more credit and insolvency risk resulting 
from rapidly changing financial market conditions and financial innovation. 
The effects of unexpected external shocks are alleviated by increased 
liquidity, reducing the impact on asset returns. 

Credit Risk Hypothesis 
This third general hypothesis suggests that a bank’s Ievel of credit risk 
negatively impacts its ability to operate in the derivatives market. Credit 
risk is typically the most damaging type of risk banks face. At the same time, 
large unhedged derivative positions may increase a bank’s credit risk since 
derivatives such as swaps involve the prospect of counter party risk. For 
example, with better credit ratings U.S. banks are hypothesized to be more 
competitive relative to Japanese banks. The lower rated firm must pay a 
premium (quality spread) due to the increased probability of default. The combi- 
nation of borrowing and swap usage allows firms and banks to arbitrage quality 
spread differentials and lower the borrowing costs of both counter parties. 
However, as long as the credit rating of a bank is low or declining, the quality 
spread differential would be reduced and the amount of swap transactions would 
likely decline. Thus, a bank’s wilhngness to enter into derivative activities is 
predicted to be positively associated with its credit rating. 

In addition, a negative relationship is expected between the extent of a bank’s 
derivative activity and changes in its credit risk as measured by changes in its 
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loan loss reserves. Loan loss reserves serve as a signal of credit risk. Bank 
management, acting with superior information regarding changes in their own 
credit risk, will likely alter their preference for risky transactions accordingly. 
As a result of asymmetric market information, it is hypothesized that a bank 
expecting a significant improvement in credit risk will engage in derivative 
activities in order to increase the market value of its equity. Conversely, an 
increase in non-performing loans reduces banks’ net income and equity capital,’ 
thereby forcing banks to contract their supply of credit. 

As indicated by Docking, Hirschey and Jones (1997), negative effects are 
found to be associated with the announcement of unexpected changes in bank 
loan loss reserves. Thus, the information value inherent in the provision for 
loan losses is apt to provide evidence on whether banks process and signal 
important asymmetric information concerning credit conditions. In this study, 
the percentage change in the bank’s current provision for loan losses is used 
to measure future changes in credit risk. 

4. EMPIRICAL MODEL AND DATA 

The various hypotheses mentioned above will be tested using a single equation 
model using accounting information. Table 4 provides a list of the variables 
employed in this study. A panel regression model is employed to estimate the 
extent of derivative activity across both domestic and international banks. This 
model specification is consistent with the empirical specification used by Kim 
and Koppenhaver (1992), as well as Simons (1995). The dependent variable is 
the notional amount of the respective of various derivatives scaled by total 
assets. As such, there are four dependent variables employed in the analysis, 
the level of: (1) futures and forwards contacts; (2) option contracts; (3) interest 
rate swaps; and (4) currency swaps. The expected sign of the regression 
coefiicient is placed above each independent variable. Further, due to a short 
sample period (19951997) and the intense competitive interaction among 
dealer banks which will likely cause error terms to be correlated over time 
and across banks, a panel regression using a seemingly unrelated regression 
(SUR) estimation approach is employed. 

The general form of the regression model is indicated below with the antic- 
ipated sign given in parentheses: 
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Table 4. Variable Definitions. 

Dependent Variables: 

FUTURE 
ISWAP 
CSWAP 
OPTION 

= The sum of futures and forward contracts divided by total assets. 
= The notional value of interest rate swap contracts divided by total assets. 
= The notional value of currency swap contracts divided by total assets. 
= The notional value of total contracts (both purchased and written options) 

divided by total assets. 

Independent Vwiclbles: 

ABSGAP 

NIM 

LTA 
LIQUiD 

CAPITAL 

LNLOSS 

C&I 

Credit 

= ABSGAP (Absolute GAP) is the absolute value of the difference between assets 
and liabilities re-pricing or maturing within one year, divided by total assets. 

= Net interest margin is calculated as the difference between total interest income 
and total interest expense expressed, as a percentage of total assets. 

= Log of total assets. 
= Liquidity is measured as the sum of cash, securities and other liquid assets held 

in the bank’s trading account divided by total assets. 
= Capital is the risk-based total qualifying capital ratio (Tier 1 +Tier Z)/Total 

Assets. 
= Equals the yearly rate of change in the ratio of the provision for loan loss 

reserves (PLLR) divided by total loans. 
= C&I is defined as the ratio of commercial and industrial loans divided by total 

assets. 
= Credit risk is proxied by Moody’s credit ratings, where a Aaa rating has a value 

of 10, Aal has a value of 9, and so on. 

C-J (+I (+) 
(DERIVATIVE), = p, + P,(NIMJ + p,(CA%AL;) + P,(TA,) + P,(GAP) 

(+) (+I C-1 
i- p&C&I,) + P,(LIQUIDJ + PJLNLOSS,) 

(+I (-) C-1 
+ P&CREDIT,) + ps Dl i + p,,D2i + yi (1) 

where, Dl = 0 for a bank without restrictions on investment in non-financial 
firlns 

Dl = 1 otherwise 
D2 = 0 for a bank without restrictions on direct securities activities 
D2 = 1 otherwise 
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The U.S. sample includes seven large U.S. government authorized security/ 
derivative dealer bank holding companies. The foreign bank sample includes 
the top 2.5 international commercial banks in Fortune Magazine’s 1997 list of 
the top 500 Global companies. The data for on- and off-balance-sheet variables 
for the U.S. bank holding companies were obtained from FDIC Call Reports. 
The data for the foreign banks is based on the financial information disclosed 
in their annual reports in conjunction with their SEC’s 20-F report. The time 
period covered is from 1995-1997. Furthermore, the data on each country’s 
general market index and individual bank stock returns were acquired from 
Extel Research data and CRSP, respectively. 

The study focuses on the largest domestic and international banks for 
three main reasons: (1) because large banks are most likely to have substantial 
international activities; (2) large banks are more active as dealers in derivative 
securities; and (3) their stock are actively traded. Table 5 provides a list of 
both the U.S. and foreign banks included in the study. Tables 6 provide 
summary statistics for 1997 for each variable scaled by total assets, while 
Table 7 provides a correlation matrix for the variables employed in the model 
(The CREDIT variables is excluded since it is not measured as a continuous 
variable). 

5. EMPIRICAL RESULTS 

Deriva& Position Prdir:tion Model - Aggregate Rpsdts 

Table 8 reports the results of a pooled panel regressions using all 32 dealer 
banks for each of three years, so the estimates are generated using 96 data 
points. In terms of explanatory power the model produces an R’ value which 
ranges from approximately 50 to 60%. The futures and forwards model gener- 
ates the largest R’ (OhO), while the smallest R? is recorded by the interest rate 
swap model (0.52). The two most consistently significant variables are TOTAL 
ASSETS and NIM, which are significant in all but one model and in each case 
carries the expected sign. Three variables CAPITAL, GAP, and CREDIT are 
significant in two of the derivative models where they exhibit the expected sign. 
The least signi6cant variable is the LOAN LOSS variable which proves not to 
be significant in any of the four models. Thus, the results presented in Table 
8 are generally consistent with the hypotheses developed earlier. 
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Table 5. List of Dealer Banks. 

US. Dealers 

Bar&America 
First Chicago NBS 
Nationsbank 
Bankers Trust New York 
Chase Manhattan 
Citigroup 
J.P. Morgan 

Foreign Dealers 

Sanwa Bank 
Fuji Bank 
The Da&hi Kangyo Bank 
Bank of Tokyo-Mihubushi 
The Industrial Bank of Japan 
The Long-Term Credit Bank 
Asahi Bank 
Sakura Bank 
Tokai Bank 
Sumitomo Bank 
CIBC 
Royal Bank of Canada 
The Toronto-Dominion Bank 
Barclays 
NatWest 
Lloyds TSB 
WestLB 
Deutsche Bank 
Commerzbank 
Dresdner Bank 
Credit Agricole 
Societe Fenerale 
Credit Lyonnais 
UBS 
San Pa010 

Table 6, Sample Summary Statistics for All Banks 
(Variables divided by total assets). 

Variables Mean Standard Deviation Maximum Minimum 

NTM 0.0166 0.0087 0.0393 0.0039 
CAPITAL 0.1028 0.0152 0.1465 0.0836 
ABSGAP 0.1202 0.0968 0.3413 0.0081 
C&I 0.2959 0.1744 0.7010 0.0352 
LlQUID 0.2783 0.1995 0.3541 0.0181 
LNLOSS -0.2597 2.6175 8.8016 -I 8.8939 
CREDIT 4.9895 1.8093 10 3 
FUTURE 2.2736 1.9871 9.2301 0.1110 
OPTION 0.9804 1.2481 6.3490 0.0141 
ISWAP 2.1030 1.8985 9.1517 0.2022 
CSWAP 0.1448 0.1911 0.2212 0 



The Determinants of Derivative Use by U.S. untl Foreign Bunks 

TubZe 7. Correlation Matrix for All Banks. 

is9 

NIM 1 
CAPITAL, 0.4199 
LTA 0.4494 
ABSGAP 0.4317 
CILOAN -0.3231 
LIQUID -0.0634 
I,IlLiJS< I). IX I’) 
FUTURE 0.4428 
OPTION 0.2128 
ISWAP 0.0445 
CSWAP -0.1247 

NIM CAPlTAL LTA ABSGAP CILOAN LIQUID 

0.419’) 0.49Y4 
0.7423 

0.7423 
0.42 I h 

-0.6404 
0.3229 
0.0250 
0.7 1% 
0.6433 
0.5873 
0.4720 

0.4317 
0.42 I6 
0.5506 

0.5506 
- 0.3798 

0.2702 
0.1938 
0.673 I 
ail7411 
0.5736 
0.44 I5 

-0.323 I 
-0.6404 
-0.3798 

0.2692 
-0.2692 
0.3993 
0.1216 
0.4261 
0.4382 
0.3820 
0.2703 

.- 0.2034 
-0.0488 
” 0.4948 
-0.4829 
.- 0.4 I74 
-0.3961 

-0.0634 
0.3229 
0.2702 
0.3993 

m-o.2034 

0.0799 
0.202x 
0.3583 
0.40 16 
0.5567 

LnLoss FUTURE OPTION ISWAP CSWAP 

NIM 
CAPITAL 
LTA 
ABSGAP 
CILOAN 
LIQUID 
LnLoss 
FUTURE 
OPTION 
ISWAP 
CSWAP 

0.1x19 
0.0250 
0. I938 
0. I2 16 

-0.0488 - 
0.0799 

0.1 UX~I 
0.0547 
U.US4h 
0.0333 

0.4428 
0.7 176 
0.673 I 
0.426 I 

-0.4948 
0.2028 
0.1080 

0.5928 
0.7704 
c).5552 

0.2128 
0.6933 
0.6748 
0.4382 

-0.4829 
0.3583 
0.0547 
0.5928 

I 
lb.7202 
0.7417 

cl.0445 
0.5873 
O.573h 
0.3820 

--il.4174 
(I.40 I h 
O.OSYh 
0.7704 
0.7202 

0.774s 

-0.1247 
0.4720 
0.44 1s 
0.2703 

--cl.396 1 
OSS67 
0.0333 
0.5552 
0.74 I7 
c1.7795 

Derivative Position Pwdiction Model - Count~/Re~imnal Results 

Table 9 break the sample into three regions and estimates a model for each 
region for each of the four derivatives. The R’ value for each regional model 
increases to approximately 80%, indicating that disaggregation is appropriate. 

U.S. Results 
Looking across all four derivative contracts in 9, roughly two-thirds of the 
regression coefficients (21 of 32) in the U.S. model are statistically significant, 
and over three-fourths of the significant coefficients carry the appropriate sign 
( I6 of 21). Among the four types of derivatives, the model appears to be most 
effective in estimating interest rate swap usage, given that 6 out of the 8 
regression coefficients are statistically significant (CREDIT and CAPITAL being 
insignificant) and all the significant variables carry the expected sign. 
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Table 8. Determinants of International Dealer Bank Derivative Activity: 
Pooled Model. 

IV 
DV Futures & 

Forwards 
Options Interest Rate Currency 

Swaps Swaps 

Constant 

NIM( p) 

Capital(+) 

LTA(+) 

Gap(+) 

c & I(+) 

Liquid(+) 

LnLoss( p) 

Credit(+) 

R-squared 
D-W 

-6.1 I*** 
(0.000) 

~7.25 
(0.482) 
0.458*** 

uw 
0.204*** 

mMm 
0.033*** 

WJW 
4.543 
(0.406) 

-0.0019 
(0.644) 
0.0003 

(0.228) 
0.1002’ 

(0.073) 
0.604 
1.859 

~4.263*** 
(0.000) 

~24.24*** -1 
(0.003) 
0.242*** 

(0.000) 
0.201*** 

(0.000) 
0.010 

(0.135) 
4.908** 
(0.018) 
0.0033 

(0.242) 
AloQol 
(0.555) 
0.052* 

(0.089) 
0.588 
2.037 

~3.307*** 
(0.000) 

103*** 
(0.000) 
0.163 

(0.132) 
0.353*** 

(0.000) 
0.039*** 

~0.~) 
-1.Fs*** 
(0.009) 
0.007 

(O.I30) 
O.lNO2 

(0.522) 
0.047 

(0.411) 
0.5 I5 
1.981 

-0.195** 
(0.040) 

-12.19*** 
wxw 

-0.0072 
(0.458) 
0.037*** 

(O.ow 
0.0008 

(0.386) 
4.236*** 
mw 
0.003*** 

(0.000) 
2.3OED5 

(0.419) 
0.005 

(0.347) 
0.578 
I .98 

P-values in parentheses. 
* Significance level at 0. I, ** Significance level at 0.05, *** Significance level at 0.01. 

Looking at individual explanatory variables, two variables, TOTAL ASSETS 
and LIQUIDITY are signilicant in all four models, and generally carry the 
expected sign. The variables, LOAN LOSS and CREDIT are significant in three 
of the four models and generally carry the expected sign. Using the signifi- 
cance level as a measure of the strength of the statistical relationship, the 
TOTAL ASSET variable is clearly the single most important factor followed 
by the LOAN LOSS ratio. 

European Results 
Examining the European results shown in Table 9, half of the regression coef- 
ficients are statistically significant (16 of 32), and slightly more than half of 
the significant coefficients carry the predicted signs (9 of 16). The model is 
most effective in explaining the usage of options and interest rate swaps, as 5 
of 8 regression coefficients in each model are statistically significant. At the 
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Table 9. Determinants of International Dealer Bank Derivative Activity: By 
Country/Region. 

Independent 
Variable 

NIM(--1 

Capital(+) 

LTA(+) 

Gap(+) 

c & l(+) 

Liquid(+) 

LnLmss( ~) 

Credit(+) 

Foxed Effects 

Log liketihood 
R-squmd 
D-W 

Independent 
Variable 

Futures & 
FWWlrdS Options 

(n = 30) (?I = 21) (II = 45) (?I = 30) (n=21) In = 4s I 
Japan U.S. Europe Japan U.S. Europe 

-Sl.69* 70.82 1x4*** ~ 12.53 --297.95*** 59.4v** 
(0.092) (0.654) (o.tKxl) (0.213) (o.cn?, (o.cxm) 
lJ.133 1 .?a* 0.35** 0.242*** 0.1432 0.245*** 

(0.541) (0.06.5 ) (0.036) 10.006) (0.65 I J (0.008) 
0.259 fl.59*** lm?h 0.2x2** -2.ut15** 0.26s 

(0.404) mw (0.866) (0.022) (0.027) (0.166) 
-0.W2 0.121 0.020x S.77EOS n.n97** ,),,)44”“” 

(0.849) (0.105) 10.2XI) (0.992) (0.0 13) mw) 
-0.514 44.42 I .x4 0.401 3.942 I .62* 
(0.474) (0.137) (0.204) (0.129) CO.XO3) (0.073) 

-0.0189 0.253”* -0.1)28*** -0.onu4 -0.139* -0.015*** 
(0.212) (0.032) w.ow) (0.940) (OSK4) ~0.uu0) 
4.omI 7 -0.0041”” ~.0004 4.IKK)lS o.uml 0.0(X) I 
(0.569) (0.048) (0.290) (0.123) (U.dO#J (0.596) 
0.2ioh** ~ 1..59* 0.20x*** 0.w 1.4x%+** m-o.o2l 

(0.037) (0.069) W.uu6) (0.I2.5) (0.ca3) (0.626) 
-3.73 145.52 -6.87 1.23 44.60 -5.76 

23.4 I 205.45 
0.763 0.77X 
2~223 I.998 

Interest Rate currency 
Swaps Swaps 

(n = 30) (n=21) (PI = 45) (n = 30) (n=Zl) in =45) 
Japan U.S. Europe Japan IJ.S. Europe 

NlM(-) 

Capital(+) 

LTA(+) 

GqJ(fl 

c & I(+) 

Liquid(+) 

LnLnss(-) 

-77.52+ 231.2* 97.1*** 
(lmY9) (moss, lU.000) 
-0.069 0.479 0.31x** 
(0.780) (0.448) 10.018) 
4.043 5.507*** 0.714*** 
(0.912) (0.000) (0.004) 
-WI23 0.1x7** 0.031** 
(0.213) (0.0 14) 1K021) 
-1.13 44.cl5** 0.517 
(0.241) (0.04c)) (0.625) 
0.02 I 0.151* X024*** 

(0.21)X) (0.074) (0.ouo) 
-0.0003 1).uo34** o.oco2 
(0.442) (0.015) (0.3.53) 

-10.43*** 
(0.004) 
-0.013 
(0.457) 
0.079** 

(0.010) 
4SKJOS 
(0.672) 
0.004 

(0.949) 
xI.O038** 
(0.016) 
-7.55806 
(0.819) 

5.X6 (I.80 
(0.193) (0.795) 
4.0x*** o.w3 
(O.oiH)) (D.658) 
0.10x** D.038 

(0.029) (0.265) 
-rum4 0.003* 
(0.789) (0.05 I ) 
0.79 0.311** 

(0.256) (0.02X) 
0.02 I *-** O.(K)01 

(U.WUJ (0.1221 
4w02”** I .YhEOS 
(0.000) (0.643) 
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Table 9. Continued. 

Independent 
Variable 

Interest Rate Currency 
swaps Swaps 

(n = 30) (n = 21) (PI = 45) (n = 30) (n = 21) (?I = 45) 
Japan U.S. Europe Japan U.S. Europe 

Credit(+) 0.048 -0.717 0.015 -0.0078 0.047** 0.0078 
(0.678) (0.248) (0.787) (0.361) (0.017) (0.322) 

Fixed Effects 3.05 -1 Il.69 -1 I.85 4.599 -2.13 4.665 

Log likelihood 24.57 748.21 
R-squared 0.78 1 0.821 
D-W 1.879 2.237 

P-values in parentheses. 
* Significance level at 0.1, ** Significance level at 0,05, *** Significance level at 0.001 

same time, only two of the regression coefficients in the options equation and 
three coefficients in the interest rate swap equation carry the expected sign. The 
most important independent variables appear to be CAPITAL and GAP which 
have the expected signs across three of the four derivative models. NIM and 
LIQUIDITY are also significant in three of the models but in every case failed 
to carry the expected sign. 

Japanese Results 
In contrast to the results reported for the U.S. and European models, the 
Japanese model performed less effectively given that only one-fourths of 
the coefficients (8 of 32) are statistically significant, with 6 of the 8 significant 
coefficients carrying the expected sign. The currency swap model marginally 
outperformed the other three models. In this model, NIM and ASSETS have the 
predicted signs, while LIQUIDITY does not. NIM is significant with the expected 
sign in three models, while the log of total ASSETS was significant in two 
equations but carried the expected positive sign in only the currency swap model. 

Most of the explanatory variables are statistically significant and carry the 
expected signs for U.S. dealer banks, while the results for the European banks 
are not quite as strong. The results for the Japanese banks are substantially 
weaker. Thus, it appears that the factors which motivate derivative usage by 
U.S. and European banks are relatively similar but quite different from those 
motivating Japanese banks. The main reason may be due to distinct regulatory 
approaches thereby reducing the explanatory power of the Japanese model. That 
is, Japanese banks may refrain from risk-taking activities given their conserv- 
ative regulatory regime.’ For example, the capital ratio is directly related to 



derivative use for European banks but generally not for the Japanese banks. 
This is consistent with the findings of Horiuchi and Shimizu (1998) that those 
Japanese banks with relatively high capital ratios tend to be more conservative. 
A similar argument is made by Peek and Rosengren (1997) as well as Gunther 
e.t al. (1997). This finding is consistent with the observation made by Park 
(1997) that a more aggressive approach to bank capital regulation has been 
undertaken by European regulators. Hence, with more active and significant 
regulatory reform, regulators may encourage a bank’s involvement in deriva- 
tive activities, instead of imposing a major cost burden on banks. Thus it is 
not surprising to find a positive relationship between the capital ratio and 
derivative usage, at least for European banks. 

On the other hand, the relationship between NIM and derivative use suggests 
that European banks use derivatives in a manner that complements traditional 
banking activities. That is, fee-based derivative activities seem to complement 
traditional activities for European banks. On the other hand, profits generated 
from derivative activities may substitute for traditional intermediation services 
for major U.S. and Japanese dealer banks. As the interest rate spread declines. 
dealer banks may switch to derivative activities. In addition, the derivative 
instruments that are positively related to asset-liability management for U.S. 
banks are futures and interest rate swaps, while European banks include options 
and currency swaps as well. This implies that U.S. and especially European 
banks extensively use derivatives to manage on-balance sheet interest rate risk. 

Lastly, the positive relationship between the size of the C&I loan portfolio 
and the level of both US. interest rate swaps and European currency swaps 
may reflect a complementary effect between swaps and traditional commercial 
lending activities. In fact, the cash flows from interest rate and currency swaps 
often resemble the cash flows from lending activities. In this case, the magni- 
tude of the complementary effect seems to dominate that of any substitution 
effect in the swap models. In summary, it appears that Japanese banks respond 
quite differently regarding their use of derivatives, while U.S. and European 
dealer banks responding in a manner more consistent with the theoretical model. 

Interaction Between DerivativeJ: ,fiw U.S. urzd Foreign Bunks 
This section reports the results generated by introducing selected derivative 
positions as independent variables into each of the two swap models. For 
example, in rhe interest rate swap model the institution’s futures, options, and 
currency swap positions are included. This represents a direct test of the comple- 
mentary or substitution effect among alternative derivative contracts. A 
significant positive coefficient would suggest a complementary effect, while a 
negative coefficient suggests a substitution effect. As can be seen in the interest 
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rate swap model in Table 10, the coefficients on both the futures and the options 
contracts are positive and significant for U.S. dealer banks, while the coeffi- 
cient on currency swaps is insignificant. In the U.S. currency swap model, none 
of the other derivative activity coefficients are significant. Significantly different 
results are demonstrated for the foreign banks. Here, options and currency swaps 
are complementary derivative instruments to interest rate swaps for both the 
European and Japanese banks, respectively. Conversely, interest rate swaps are 

Table 10, Interaction Among Derivatives for International Dealer Banks. 

Interest Rate 
independent Swaps 

Variable Japan U.S. Europe 

NlM(-) -5.227 -220.D**” 1 l&26’** 
(0.903) (0.002) (0.000) 

Capital(+) -0.074 0.329 0.261* 
(0.804) (0.195) (0.070) 

LTA(+) -0.502 0.868 0.751*** 
(0.246) (0.244) (0.003) 

Gap(+) -0.027 0.049* 0.007 
(0.169) (0.074) (0.638) 

c &  I(+) -1.144 -2.592 1.431 
(0.258) (0.X17) (0.216) 

Liquid(+) 0.038* -0.108** -0.017** 
(0.066) (0.031) (0.014) 

LuLoss(-) -0.0004 0.0004 -0.00004 
(0.312) (0.529) (0.988) 

Credit(+) 0.247* 0.413 -0.200 
(0.089) (0.159) (0.764) 

Futures Br -0.196 0.767**' -0.184 
Forwards (0.538) (0.m) (0.247) 

options 0.117 0.293+ 0.610*** 
(0.867) (0.076) (0.003) 

currency swaps 5.28x** 2.67 1 1.919 
(0.015) (0.194) (0.178) 

Interest Rate Swaps 

Fixed Effects 6.612 -15.86 -12.38 
Log likelihood 126.68 
R-squared 0.932 

P-values in parentheses. 

1 

Currency 
Swaps 

Japan U.S. Europe 

-1.715 20.38*** -9.72'** 
(0.609) (0.008) (0.0061 

-0.0001 -o.on*** 0.001 
(0.996) (0.001) (0.91s) 
0.010 -0.045 -o.oss** 

(0.760) (0.563) (0.045) 
-0.004 0.0001 0.002 

(0.783) (0.967) (0.185) 
-0.024 -1.79 0.0006 

(0.762) (0.103) (0.995) 
-O.OOI 0.017*** 0.002*** 

(0.338) (0.000) (0.000) 
3.74EO5 -9.69EO5 1.05EOS 

(0.280) (0.204) (0.768) 
-0.017 0.045 -0.015** 

(0.119) (0.133) (0.018) 

0.0466* -0.006 0.05x*** 
(0.052) (0.727) (0.000) 
0.058 0.026 0.008 

(0.280) (0.132) (0.726) 

0.032** 0.028 0.028 
(0.015) (0.194) (0.178) 

0.020 0.715 0.827 
807.76 

0.936 

* Significance level at 0.1, ** Significance level at 0.05, ***Significance level at 0.001. 
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complementary to currency swaps for Japanese hanks. The results suggest a 
moderate complementary effect exits between various derivative contracts, 
although the precise relationship appears to be region specific. 

This section examines the impact of alternative regulatory regimes on derivative 
usage. As shown in Table 11, two regulatory dummy variables are added to 
the model. Dl is used to denote that there are no restrictions on a commercial 
hank’s (or a hank holding company’s) investment in commercial and industrial 
tirms, while D2 is employed to denote that there are no restrictions on direct 
security activities, such as. underwriting and other investment banking activity. 
(Note: many hanks that are subject to restrictions on direct security activities 
also face restrictions on the establishment of hank holding companies). 

The coefficient on D2 is statistically significant and carries a negative sign 
for all four derivatives. Contrary to our regulatory hypothesis, this suggests that 
the greater the opportunity to pursue investment banking activities and cxtah- 
lish hank holding companies, the lower the level of derivative usage. This may 
reflect a possible suhstitution effect between direct security activities and deriv- 
ative usage. That is, where hanks face few if any underwriting restrictions and 
hence have the ahility to earn substantial underwriting fees, they are less likely 
to pursue derivative activity. 

Conversely, the sign of the Dl coefficients. in both the interest rate and 
currency swap models are positive and strongly significant. Thus, banks with 
greater direct investment in industrial firms appear to have greater opportunities 
to cross-sell various types of swaps. Hence, the swap activities of these hanks 
exhibit a complementary effect. 

5, CONCLUSIONS AND POLICY IMPLICATIONS 

Derivativr Uragc 

The current findings indicate that the derivative activity of U.S. and foreign 
dealer banks is directly related to the size of the hank’s capital ratio, asset size, 
gap ratio, and credit rating, but inversely related to profitability as measured 
by NIM. While most of the explanatory variables are statistically significant 
and carry the expected sign for the U.S. and European hanks, the results for 
the Japanese hanks are not nearly as strong. Thus, it appears that hanks in Japan 
approach derivatives in a different way than banks in the U.S. and Europe, 
Japanese hanks may refrain from risk-taking activities given their conservative 
regulatory regime. 
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Table II. Results of Regulation for Different Derivative Instruments. 

Futures & 
Forwards Options 

Independent 
Variable Japan U.S. Europe Japan U.S. Europe 

I 
Dl (no restriction on invest- 

ment in industrial firm) 

D2 (no restriction on direct 
security activities and BHC) 

0.716 
(0.341) 

-2.013*** 
(0.003) 

NW-1 

Capital(+) 

LTA(+) 

Gap(+) 

c & I(+) 

Liquid(+) 

LnLoss(-) 

Credit(+) 

-55.13* 76.23 174*** 
(0.061) (0.616) (O.ooo) 
0.09 I * 1.02” 0.46*** 

w.@w (0.085) (0.002) 
0.317 6.7**’ 1.003** 

(0.287) wJm) (0.017) 
-0.004 0.12” 0.029* 

(0.734) (0.090) (0.098) 
-0.505 49” 0.8717 
(0.463) (0.070) (0.535) 

-0.020 0.27*** -0.03*** 
(0.147) (0.W) (0.006) 

-0.ooo1 -0.04** -0.00026 
(0.544) (0.020) (0.479) 
0.204** - 1.8*** 0.08 

(0.032) (0.005) (0.347) 

- 19.68 
(0.126) 
0.209** 

(0.017) 
-0.064 
(0.618) 

-0.002 
(0.744) 
0.3292 

(0.276) 
-0.0036 

(0.565) 
-0.0001 
(0.385) 
0.0175 

(0.669) 

0.54923 
(0.300) 

- 1.3205*** 
(0.007) 

-274*** 27.43* 
(0.002) (0.092) 
0.0035 0.42*** 

(0.991) (O.ow 
-1.41** 0.737+* 
(0.145) (0.013) 

-0,102”’ 0.035*** 
(0.015) (0.~) 
15.93 ~ 1.35 
(0.300) (0.174) 

-0.082 -o.Dl*** 
(0.150) !O.ooo) 

-0.00037 -0.0003 
(0.728) (0.728) 

1.1%“’ -0.106* 
(0.003) (0.079) 

Fixed Effects -3.99 - 144.55 ~ 17.45 -0.855 33.164 - 11.38 
R-squared; D-W 0.846; 2.256 0.856; 2.308 

Interest Rate Currency 
Swaps Swaps 

Independent 
Variable Japan U.S. Europe Japan U.S. Europe 

Dl (no wtrictmn on invat- 2.622*** 0.1863** 
menl in industrial tirmsl (0.000) (0.0l0) 

D2 (no restricnon on dir%1 -2.73*** -0.3 17*** 
security activities and BHC) oow (0.000, 

NIM(-) -30.50 -225* 94.7*** -6.38 6.28 2.23 
(0.498) (0.067) (0.000) (0. il5) (0.308) (0.303) 

Capital(+) 0.02 0.97** 0.45*** 0.017 -o.os** 0.04*** 
(0.942) (0.041) (O.@w (0.529) (0.030) (0.002) 

LTA(+) xl.55 5.74*** 0.95*** 0.0035 0.034 0.066* 
(0.230) (O.ooo, (0.007) (0.930) (0.614) (0.089) 

Gap(+) -0.036* 0.113’ 0.018 4.002 -0.cQOl7 0.0045*** 
(0.089) (0.052) (0.207) (0.312) (0.953) (0.007) 
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Independent 
Variable .I apan 

Interest Rate Currency 
Swaps .%Wps 

U.S. Europe Japan U.S. Europe 

c & I(+) ~ I.41 38.02’ 
(0.184) (0.07Y) 

Liquid(+) 0.032 0.12 
(0.139) (0.123) 

LnLoss(-) ~ 0.0003 -0.03** 
(0.437) (0.021) 

Credit(+) 0.205 -0.491 
(0.158) (0.341) 

- 1.74 
(0.143) 

_. 0.(12*** 
WJW 
0.0002 

(0.410) 
-0.32*** 
W.~) 

~‘- 0.07 
(0.437) 
-0.0017 
(0.384) 
8.8EO6 

(0.825) 
-0.ooO7 

(0.956) 

-0.63 
(0.558) 
0.0166*** 

(0.000) 
-0.cm1x 

(0.021) 
0.072*** 

(0.006) 

-0.108 
(0.414) 
-0.ou01 I 
(0.840) 
8.5806 

(0.805) 
-o.oz*** 
(O.Oou) 

Fixed Effects 7.422 - I I X.69 - 12.88 U.O?4 --(I.57 -0.87 

A-squared; D-W 0.8729; 1.9.59 0.9241: 2.042 

P-values in parentheses. 
* Significance level at 0. I, ** Significance level at 0.05. *** Signiiicancc level at 0.001 

On the other hand, the relationship between bank profitability and derivative 
usage demonstrates for example that European banks use derivatives in a manner 
that complements traditional banking activities. That is, fee-based derivative 
activities seem to complement traditional activities for European banks. On the 
other hand, profits generated from derivative activities may substitute for tradi- 
tional intermediation services for major U.S. and Japanese dealer banks. In 
addition, the derivative instruments that are positively related to asset-liability 
management for U.S. banks are futures and interest rate swaps, while European 
banks include options and currency swaps as well. This implies that dealer 
banks extensively use derivatives to manage on-balance sheet interest rate risk. 

Lastly, the positive relationship between the size of the bank’s commercial 
loan portfolio and the level of both U.S. interest rate swaps and European 
currency swaps may reflect a complementary effect between swaps and tradi- 
tional commercial lending activities. In this case, the magnitude of the 
complementary effect seems to dominate any substitution effect in the swap 
models. 

Furthermore there appears to be a strong complementary effect between 
futures, options, and interest rate swaps contracts for U.S. dealer banks. On the 
other hand, the management of currency swaps appears to be conducted inde- 
pendent of other derivative contracts for U.S. banks. This may refiect the fact 
that swaps, futures, and options all relate to interest rate derivative contracts. 
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as opposed to currency contracts. For foreign banks, currency swaps and futures 
appear to be complementary derivatives. While a direct test of economies of 
scale and scope derived from a formal production function approach are beyond 
the scope of this research, the results discussed above are consistent with the 
hypothesis that the provision of derivative services are subject to positive 
economies of scale as measured by total assets and significant economies scope 
as they relate to the commercial lending function and a wide range of interest 
rate and currency derivatives. 

Esfects of Regulation on Derivative Use 
An examination of the impact of alternative regulatory regimes on derivative 
use suggests that the greater the opportunity to pursue investment banking activ- 
ities and establish bank holding companies the lower the level of derivative 
activity. This may reflect a substitution effect between direct security activities 
and derivative securities. That is, where banks face underwriting restrictions 
and hence are denied the ability to earn substantial underwriting fees, they are 
more likely to pursue derivative activity and its associated fee income. Similarly, 
banks with greater direct investment in industrial firms may have more oppor- 
tunities to cross-sell various types of derivatives, such as swaps. 

Pdicy Implications 
An important question is whether restrictions imposed by bank regulatory 
authorities on off-balance sheet activities may have a significant impact on their 
international competitive performance with respect to derivative trading. As 
noted earlier, banks facing significant regulatory restrictions seek to circumvent 
or nullify these regulations through increased derivative use. Specitically, limi- 
tations on the scope of permissible security and derivative activities may affect 
dealer bank’s ability to compete internationally. For example, while the Bank 
for International Settlement’s (BE) risk-based capita1 standards are designed to 
apply consistently to all international banks, significant differences exist 
regarding implementation schedules and performance benchmarks, particularly 
for Japanese banks. 

Effective regulatory policy should focus on market-oriented reforms as 
opposed to restrictions that reduce the usefulness and flexibility of derivatives 
in managing various types of risk. The easing of unnecessary restrictions 
regarding the use of derivatives should allow banks greater flexibility in risk 
management and allow them to exploit the information and relationship advan- 
tages they have as large financial intermediaries and security/derivative dealers. 
To illustrate, recent research indicates that not all derivatives affect bank risk 
equally. Options are seen as consistently increasing bank risk, while interest 



The Determinants r!f Lhivativr Uw by U.S. und Foreign Bunks 169 

rate and currency swaps reduce risk. To treat all derivatives identically from a 
bank regulatory perspective is not appropriate and will likely result in coun- 
terproductive results, such as too much capital being held against a bank’s swap 
position and too little capital held against their options portfolio. The end result 
will be to encourage the use of risk-increasing derivatives at the expense of 
risk-reducing contracts, with a resulting increase in overall bank risk. 

NOTES 

1. LTC was a $100 billion hedge fund that was rescued by a group of large domestic 
and international banks during 1998. 

2. The twelve countries are Belgium, Canada, France, Germany, Italy, Japan, Luxembourg, 
the Netherlands, Sweden, Switzerland, United Kingdom, and the United States. 

3. “Adequate” capitalization is viewed by regulators as a necessary condition to 
participate in derivative activities 

4. The European Union has moved beyond the initial Basle accord in extending the 
scope of capital adequacy computation to certain non-credit exposures described as 
“market risks”. Self-assessment is emphasized in this new approach. The new require- 
ments came into effect on January 1996. 

5. The capital ratio employed in this study is risk-based capital and detined as total 
qualifying capital (Tier 1 + Tier 2 capital) divided by total risk-weighted assets. 

6. The bank holding company is a common organizational form in the U.S. This struc- 
ture provides opportunities for diversification not available to an individual bank. 

7. The empirical results reported by Bernstein (1996) suggest that banks with a high 
ratio of non-performing loans have higher operating costs. 

8. In estimating the panel regression, generalized least squares (Aitken estimator) and 
SUR are two alternative methods which can be employed to adjust for the weights 
assigned to each observation. In reality, the relationship between the disturbances of two 
cross-sectional units is likely to be different from the behavior of the disturbances across 
different equations. When estimating a pooled aggregate model, the explanatory vari- 
ables and the disturbance term are presumed to satisfy the assumptions of the GLS 
model. Therefore. the cross-sectional weight is adjusted to remove the likely problem 
of heteroskedasticity. Conversely, a comparison of different groups (different panel 
regressions) should address the likelihood that the disturbance in a given regression 
equation could be correlated with the disturbance term in some other regression 
equation (Kmenta, 1986). In order to rule out the possibility of mutual correlation of 
disturbance terms, seemingly unrelated regressions (SUR) is used in place of GLS. To 
support the use of SUR, the correlation between the residuals generated by the Japanese 
and European models were calculated. The results show a highly signilicant correlation 
coefficient for options (0.58) interest rate swaps (0.40). and currency swaps (0.72). with 
t-values consistently in excess of 5.0. These results offer strong support for the use of 
the SUR estimation technique. 

9. In Japan, certain derivatives which: (a) involve excessive leverage; (b) lack t-eason- 
able caps or limits on profits and losses; or (c) which are used purely for speculative 
pm-pose, are considered to be illegal gambling. However. there are no clear guidelines 
for determining what constitutes an excessive leverage factor or a reasonable cap. 
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THE IMPACT OF REGULATORY 
CHANGES ON BANKS’ RISKS AND 
RETURNS IN TAIWAN 

Hsien-yu Yin, Soushan Wu and Ding-yuan Chen 

ABSTRACT 

The purpose qf this paper is mainly to review the existing substitute 
relationship between capitul regulutinn and deposit insurance system in 
Taiwsan. We conclude a converse relatinnship exists between variable 
deposit insurance system and risk-based capitul regulation, decrease cd 
one can substitute,for increase C$ another: Ajter examining the impact qf 
regulatnly changes on banks ’ returns and risks during the period 1985 tcr 
2000 in Taiwan, we find oui that reducing &ed insurance rate and 
adopting risk-based capital regulation, the improvement on banks’ return 
to risk ratio is signijcant. However; it is not signijcant ,following the 
implementution of variable-rate system, 

INTRODUCTION 

Banks play as roles nf adjusting the capital demand and supply in the society. 
The intermediate manners are mostly meeting the needs in loans with fund 
deposit from outside. Therefore, the capital ratio is lower in contrast to other 
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industries. By nature, banks exist with such high financial leverage risk, the 
derived interest risk due to the period incompatible between the deposit and 
loan and the credit risk in the loan process, together they give substantial 
operational risk. 

Banks absorb huge funds from the public to meet the need of enterprise 
investment and responsible for business guarantee and payment. Once a bank 
is insolvent, it will certainly cause significant impact on the economic order. So 
countries all over the world have been placing all kinds of regulations to 
minimize the probability of bank insolvency. The major regulations include 
entry regulation, price regulation, business regulation and capital regulation. 

The past regulating instruments are unable to match the speed of the progress 
in information technology and financial information. As a result, they would 
obstruct the complete competition mechanism and demand the regulators to 
look for new regulating instruments. The most important among them is risk- 
based capital regulation, which sets the required capital level based on the asset 
risk structures of banks. The riskier the assets are, the higher the capital level 
is required, so as to increase the capacity of the banks in sustaining loss and 
reduce the probability of bankruptcy. On the other hand, it will protect the 
depositors by receiving higher compensation against the liquidation of banks. 

The other important regulating instrument is deposit insurance. Banks may 
decide whether to participate in the deposit insurance system. The participating 
banks are liable to pay a premium on a timely basis, and are subject to financial 
inspection. When a bank is in bad shape and is bankrupted, the deposit 
insurance company will compensate the certain deposit amount. Hence the 
banks reduce the operational risk to a certain level and transfer some part of it 
to a deposit insurance system. Of course, the banks have to resume the 
consequence of increase in capital cost. Compared to risk-based capital 
regulation, both of them will increase the banks’ capital cost. Used as means of 
risk control, if they are considered together then more reasonable regulating 
policies can be set. 

From recent rederegulation of bank capital and deposit insurance of banks in 
Taiwan, we can find the track on both of them evolving. The deposit insurance 
system was implemented in September 1985 in Taiwan, with the fixed premium 
rate set at 0.05%. At that time, the regulator had many restrictions on the 
establishment and operation of banks, and the banks operated rather 
conservatively and hardly ever went bankrupt, so not many banks participated 
in the deposit insurance. Latterly, in order to attract participants, the regulator 
adopted low rate strategy, and lowered the insurance premium rate to 0.04% 
and 0.015% in January 1987 and January 1988, respectively. 
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Following the efforts of Taiwan joining WTO, the paces of financial 
liberation and internationalization have been accelerating, and the regulator 
eased the restriction on establishment and operations of banks. The competition 
between banks are getting more intense, so the operational strategies become 
more open than ever, and the risks faced by banks are much higher. Risk-based 
capital regulation policy was executed completely in January 1993, requiring 
the capital level set in accordance with the risk structure of banks’ assets, even 
variable deposit insurance rate was implemented in January 2000 to control the 
banks’ risks through price mechanism and maintain the financial stability. 

Kim and Santomero (1988) and Mei-Ying Liu (1994) apply mean-variance 
model to explain that uniform capital regulation will induce the bank to possess 
high-risk assets to offset more cost from higher capital, it causes moral risk. 
Risk-based capital regulation can control bankruptcy effectively. If the 
regulator utilizes the ceiling of banks’ expected return, as a means of 
controlling bankruptcy, then setting asset risk weights based on asset risk will 
make banks with higher asset risk prepare to reimburse higher capital. So it can 
reduce the inducement of higher operational risk effectively. 

Applying option-pricing theory on deposit insurance, Merton (1977) shows 
that the value of deposit insurance is equal to Ihe value of a European put 
option. It utilizes option-pricing model to price deposit insurance value. Merton 
(1977), Keely and Furlong (1990) considered the bank would enhance asset 
risk and leverage ratio to increase deposit insurance value and maximize equity 
value. Duan, Moreau and Sealey (1992) found that if fixed insurance rate were 
adopted then the bank would transfer risk to insurance company. Ronn and 
Verma (1986) suggested variable insurance rate based on risk adjustment 
would reduce the inducement of the bank transferring risk to insurance 
company; it should be a more reasonable policy. 

The previous articles mostly propose some regulatory policy, such as risk- 
based capital regulation and variable insurance rate based on risk adjustment, 
lo lessen the moral hazard under uniform capital regulation and fixed-rate 
deposit insurance system and decrease the improper social resource subsidy on 
risky banks. If we consider only the effect of preventing fraud, the relationship 
between the policies and how to coordinate each other to complete regulatory 
goal can be neglected. It is convenient using mean-variance model to 
understand the influence of regulatory policies on bank portfolio decision by 
graphs. This article will be based on mean-variance model to discuss the 
effectiveness of deposit insurance and capital regulation on risk reduction and 
strengthen the placement of assets. 

The paper is separated into five sections. The mean-variance model of the 
bank portfolio decision of Kim and Santomero (1988) is introduced firstly. The 
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second section analyzes how to derive theoretical risk weight when risk-based 
capital regulation is adopted as means for controlling banks risks, so as to 
achieve the goal of regulation. Section 3 discusses how to use deposit insurance 
system as instrument for risk control. Section 4 discusses how the two 
regulating instruments are combined together to have advanced control of the 
probability of bank’s insolvency. Section 5 is the result of empirical 
examination. FinalIy, Section 6 concludes. 

This article examines the effects of bank capital regulation and deposit 
insurance policies on the banks’ return to risk ratios during the period between 
1985 and 1999. It took the publicly held banks during the period between 1985 
and 1999 with full records of participating in deposit insurance system as 
samples. In Hypothesis I, we test whether higher fixed insurance premium will 
worsen the tradeoff between banks’ returns and risks. In Hypothesis II and III, 
we test separately whether implementing risk-based capital regulation or 
variable insurance premium system will improve the tradeoff between banks’ 
returns and risks. Hypothesis 1 and II are both supported. However Hypothesis 
III is not supported. 

To sum up, there is a converse relationship between variable deposit 
insurance system and risk-based capital regulation, decrease of one rate can be 
substitute for increase of another in theory, but each of them has its own 
function to the regulator. Both of them can be helping and covering each other 
to achieve the common regulation target goal, it shall be the most feasible 
manner. 

1. MODEL 

Koehn and Santomero (1980) and Kim and Santomero (1988) took banks as the 
constructors of a portfolio. They discussed the relationship among the 
components of portfolio, asset, liability, and owners” equity, to decide the 
optimal capital structure and assets structure. The model m inimizes risks under 
fixed wealth. Capital regulation is given with another constraint equation. A 
given equity-to-asset ratio k implies a fixed deposit-to-equity ratio (1 ~ l/k). It 
means that: 

subject to 
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Xj > 0, and 0 < k 5 1, 

where: 

( 1) u,, and ai are the mean and variance of costs of deposits. 
(2) g, is an n x 1 vector of asset returns [u,] for i= 1, 2, . , n. 
(3) V, is an n x 1 vector of covariance [u,,~] between deposit cost and asset 

returns. V, is an n x n variance-covariance matrix of asset returns [uv] for 
i=1,2,.... n and is positive-definite. 

(4) X, is an n x 1 vector of xi that is the ratio of the ith asset holding, as a 
proportion of the equity capital, and X, > 0 due to short sale restrictions. 

(5) e is an n x 1 vector with first n - 1 elements of 1 and the nth element of 0. 

Therefore, X’ e = ’ k. A- / 
(6) EI and cr, are the expected value and the standard deviation of return per 

unit of equity capital, respectively. 

The solution of this minimized question, according to Kim and Santomero 
(19X8), obtains the efficient frontier space (E, U) and portfolio weights Xi at 
each efficient portfolio.’ 

2. CAPITAL REGULATION AS THE INSTRUMENT FOR 
OPERATIONAL RISK CONTROL 

Kim and Santomero (1988) believed the global efficient frontier G,,G? in Fig. 1 
indicates the enveloped curve of efficient frontier under various capital ratios k. 
The portfolio moving up along the global efficient frontier G,,G, represents the 
smaller of capital ratio k, i.e. the larger of risk and expected return. In the 
absence of capital regulation, the area under G,,Gz will be the feasible solutions 
of the bank. With capital regulation k existing, the feasible solutions for banks 
will be reduced to the area below R,,R,. The existence of capital regulation 
excludes part of feasible solutions with higher risk and expected return. In 
order to avoid the bankruptcy probability in excess of a certain given 
probability IY, regulators restrict banks to choose portfolio opportunity at the 
left of insolvency control line L, which intersects &Rz at G,, so when the 
regulator sets the ceiling of expected return of banks’ equity E,, it will make 
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Fig. 1. The global efficient frontier G,,G2 indicates the enveloped curve of efficient 
frontier under various capital ratios k. The portfolio moving up along the global 
efficient frontier G,,G2 represents the smaller of capital ratio k, i.e. the larger of risk and 

expected return. 

the banks giving up the points under R,,RR, with rate of equity return higher than 
E,, so as to reach the regulation target goal of insolvency probability control. 
It is then converted to the risk weight of each asset from the ceiling expected 
return of banks’ equity EK. 

In case of bank failure, economic disturbance will cause huge social cost. 
Assume there is a tolerant cost r, so banks can be allowed to be continued 
operation even if its capital is exhausted. Assuming government requires a bank 
to declare insolvency when its capital and tolerant cost is exhausted, i.e. 
fE 5 - 1 - E), the setting of bankruptcy probability cx by regulator will affect 
the choice of banks in portfolio. 

prub(ES ~ 1 - t) I u (2) 
E2 - 1 - I - @(a)~ (3) 

LR in Fig. 1 indicates the regulation of government on the bankruptcy 
probability of the bank, and the slope of L, is, - Q, (a), Q, ( . ) is the inverse of 
the cumulative standard normal distribution. Left of L, meets the control level 
of risks and expected returns-the larger CX, the larger its slope, which indicates 
that the regulation is stricter. 

If the regulator converts the given level of bankruptcy probability to the 
control of risks and expected returns, it will be helpful in proposing effective 
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regulatory policy. In Fig. 1, LR intersects G,,G, at G,. Assuming expected return 
of G, portfolio is EN, the regulator may take En as the ceiling of banks’ expected 
return. Then, the banks’ behaviors in pursuing risks will be under control. 

(4) 

Assuming a = [a,] is an II x 1 vector of asset risk weights set by the regulator 
and,i = 1,2 ,.,., n, then for including one unit asset i, the bank has to hold at 
least a, units of equity capital, i.e. a’s, 5 1, and can hold maximum (1 - 0;) 
unit of deposit. Since E” is the ceiling of banks’ expected return, the optimal 
risk weight u: can be obtained by: 

af 2 % 7. Y!. 
EK - u,, 

if U, - u,, > 0 
(6) 

a:=0 if U, - Al,) < 0 

We know from Eq. (5) if U, > ui > u,, then L$ > a:, i.e. an asset with higher 
expected return has a larger risk weight. 

From (6): aa: - aa” t3E’ 
-L.- <O can be found that, when a regulator desires to 

ilu ,?E” aa 
tighten regulation and reduce the bankruptcy probability of bank a, risk weights 
must be raised. 

Also da: au) 3EK 
’ at =JE”’ dt 

<0 can he observed. If the government believes bank 

failure will cause huge social cost so to increase tolerant cost, risk weights must 
be decreased. It means postponing risky banks to be insolvent must pay the 
expense of raising risk weights. 

By that, Kim and Santomero (1988) concluded the following important 
results: (1) fixed capital regulation has no effect; (2) the theoretical risk weight 
in risk-based capital regulation is derived; (3) the size of risk weight will affect 
the asset combination of banks and change the decision of portfolio. 

Both of capital regulation and deposit insurance will increase the banks’ 
capital cost and control risk. Kim and Santomero (1988) propose only risk- 
based capital regulation lo lessen the moral hazard under uniform capital 
regulation but not consider about the relationship between deposit insurance 
and capital regulation. If we can coordinate both of the policies together, we 
can complete not only the goal of preventing fraud but also decreasing the 
resource wasted. In the following of this paper, firstly we base on Kim and 
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Santomero (1988) model and take deposit insurance system into consideration. 
Then we coordinate both of the policies together and discuss whether the 
decision of portfolio would be changed and how would the determination of 
risk weights be affected. 

3. DEPOSIT INSURANCE AS AN INDEPENDENT 
INSTRUMENT FOR BANKRUPT RISK REGULATION 

Regulator sets up a deposit insurance system to be participated by banks. 
Deposit insurance system will protect depositors from a certain amount of loss 
if banks fail to prevent impact from social financial instability. Since 1990, the 
global financial crisis appears unexpectedly, depositors fear bank failure more 
seriously. Banks participating in the deposit insurance system have more 
attraction for depositors because of safety, so banks will join as members of 
deposit insurance system voluntarily and take insurance premium as one of 
necessary costs. As to deposit insurance rate, it depends on the target of 
regulation and the coordination between deposit insurance and capital 
regulation. Assuming regulators set ER as the ceiling rate, fund cost will be 
increased, the efficient frontier will move down. Whether insurance rate is fixed 
or variable will influence the effect achieved by the efficient frontier movement. 
This section discusses how the two different kinds of deposit insurance 
premium rates, fixed rate and variable rate, influence the bank’s portfolio. 

3.1. Effect of Fixed-Rate Deposit Insurance on Bank’s Portfolio 

Assume that a bank participates in deposit insurance, paying premium per unit 
of deposit at fixed rate d. The funding cost would increase to ud = (u,) + 6), 
and deposit insurance institutes assume the insolvency risk completely. 
Imposing the new funding costs into ELJ. (I), a new efficient frontier (E,,, u:) 
will be obtained. The expected return of equity is affected by the fixed rate of 
deposit insurance as follows: 

(7) 

In Fig. 2, if a specific capital ratio k is maintained, the bank participating a fixed 
rate d deposit insurance system will shift the efficient frontier from R,& down 
to D,&. The higher the fixed rate is, the lower efficient frontier becomes. When 
k becomes smaller, the distance between DJlz and R& will be wider, 
indicating that in the case of charging with the same deposit insurance premium 



Fig. 2. If a specific capital ratio k is maintained, participating a fixed deposit 
oinsurance rate d will shift the efficient frontier from R,,R, down to L+,L&, the higher the 

fixed rate is, the lower efficient frontier is. 

rate, a bank with lower capital will have lower equity return because of higher 
liability. 

The new efficient frontier in Fig. 2 will shift down to &LIZ. It means that 
after participating in the insurance deposit system, the optimal portfolio of a 
bank will move down from G, to D,. It indicates that when deposit insurance 
institutes take the risk of bankruptcy, the hank will have lower equity return and 
higher risk of bankruptcy, because of higher funding cost. 

If the regulator disregards the downward moving of the efficient frontier of 
banks and maintains the original asset risk weight, then E* will intersect with 
efficient frontier D,,D, at ,!I,, and the risk of hanks’ operation and bankruptcy 
will both increase. Therefore, after banks participating in deposit insurance 
system, if the regulator maintains the original risk-based capital regulating 
policies, it will drive banks to pursue high-risk operations, and move the 
insolvency control line I,,, rightward to LB, meaning the deterioration of 
bankruptcy probability. This is the moral hazard resulting from hanks 
participating in fixed deposit insurance rate system. 

3.2. ESfect of Vuridde-Rate Deposit Insurunc~ on Bunk’s Por$dio 

In fact, both deposit insurance and risk-based capital regulation increase the 
funding cost of banks at the time of increasing operational risk, so to block 
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Fig. 3. Banks decrease portfolio of area G;G,G,, and efficient frontier shift from 
G,)G,G? to G,,G,G:, because of variable rate. If banks act as risk averters, they will 

abandon the right of G, on G,G,, and choose G, as the optimal solution. 

banks’ motivation to increase risks. Hence, there is a certain substituting effect 
between the two instruments. It can be found from Fig. 3 that if the regulator 
sets insolvency control line at LH, when a bank does not participate in deposit 
insurance system, it may choose G, portfolio on the efficient frontier R,,G,R2 
with the capital ratio fl. 

On the right-hand side of G, on G,G2, each specific k can be found a 
corresponding deposit insurance premium rate d,, (ud, k, ER) satisfying Ed = E’ 

ad, and z >O. Banks’ equity return will decrease to EK, so as to match target 

level oCicapita1 regulation.’ 

It can be concluded that in the absence of capital regulation, taxing higher 
premium rate on banks with higher operational risk, i.e. adjusting the deposit 
insurance rates corresponding to the operating risk, would achieve the effect of 
risk-based capital regulation. As proposed by Sharpe (1978) and Ronn and 
Verma (1989), given the duality between the insurance premium and the capital 
ratio, the variable-rate deposit insurance system can be a substitute reciprocally 
for the risk-based capital reguIation system. 
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4. COMBINING CAPITAL REGULATION AND DEPOSIT 
INSURANCE AS INSTRUMENTS FOR OVERALL RISK 

REGULATION 

Many countries adopt lower premium rates to attract banks to participate in 
deposit insurance system. Buser, Chen and Kane (1981) took it as a subsidy 
from regulator to the banks, and risk-based capital regulation would correct the 
effect of unfair pricing of the former. This section will discuss the coordination 
between the two pricing policies, allowing the risk-based capital regulation to 
control bankruptcy probability ex ante, and the deposit insurance system will 
protect the interests of the depositors in ante. This will not only achieve the 
goal of regulator, but also would not result in waste of resources. 

4.1. Combining Fixed-Rate Deposit Insurance and Risk-Bused Cupital 
Regulation 

When fixed insurance rateis adopted, assuming El, > En, it means the regulator 
attracts banks to participate in deposit insurance system with a lower premium 
rate. The risk-based capital regulation should take the existence of deposit 
insurance into consideration to identify a reasonable capital ratio and the risk 
weight, so as to achieve objective of bank regulation. 

Fixed-rate deposit insurance policy will drive efficient frontier downward. 
The lower the capital ratio is, the lower the efficient frontier becomes. In 
Fig. 4, as we move up along the global frontier, the underlying portfolio 
corresponds to the lower capital ratio, hence, the larger distance between the 
efficient frontiers before and after participating in deposit insurance system. 
However, for each fixed rate d, there is always a corresponding capita1 ratio k, 
matching the equity return after banks’ participation in the insurance system to 
the expectation of regulator, i.e. E,, = En. 

If the regulator charges only fixed insurance premium rate d, on point G, in 
Fig. 4, G, will shift down to R, and achieve the ceiling rate of capital return E” 
set by the regulator, with the corresponding capital ratio k3. On the global 
efficient frontier G,,G,, points on the right-hand side of G,, in addition to fixed 
premium rate d,, the regulated capital ratio k, is needed also to achieve the 
regulating target goal. Points on the left-hand side of G, represent lower- 
operational-risk portfolio and the regulator imposes no restriction. Under 
deposit insurance system, they play as the roles of subsidizing high-risk banks 
and the equity returns will be lower than E”. 

Hence, fixed deposit insurance rate system will cause the bank to have higher 
funding cost. It eliminates only part of high-risk portfolio, but can still lighten 
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Fig. 4. Point G, represents only fixed insurance premium rate d3 is charged, portfolio 
will be shifted down to I?, achieve the ceiling rate of capital return E” as set by the 
regular, at the same time the corresponding capital ratio is k,. On the global efficient 
frontier G,G,, points at the right of G,, in addition to levying fixed premium rate 4, the 

regulated capital ratio k, is needed also to achieve the regulating target goal. 

the responsibility of capital regulation. So the capital ratio will decrease to the 
level of portfolio G, and the optimal portfolio will move right from G, to R,. 
At this time, the slope of banks’ bankruptcy control line will become flatter, i.e. 
higher bankruptcy probability, because fixed-rate system makes the equity 
returns of portfolios on G,G3 lower thanI?. The risk-based capital regulation 
will not be a limit to if, so the feasible solutions of portfolios will increase with 
the higher risk R,G,R, area, which leads to riskier optimal solution. 

The higher the fixed deposit insurance rate is, the larger the distance between 
G, and R3, and the area of RoG,R, becomes larger. The funding cost of bank 
increases as the result that fixed deposit insurance rate must make it up with 
higher return on higher risk. Further, since the premium rate is not increasing 
with the hike of risk, it gives incentives to a bank to increase risky assets. Since 
risk-based capital regulation can onIy counter off part of high-risk portfolio, 
risk of the optimal solution is boosted up. 

4.2. Combining Variable-Rate Deposit Insurance with Risk-Based Capital 
Regulation 

When variable rate is adopted, assuming E,, > E’, it means that the regulator 
attracts banks to participate in deposit insurance system with lower premium 
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rate. The risk-based capital regulation should he reconsidered with the 
existence of deposit insurance in setting reasonable capital ratio and risk weight 
to reach regulation target goal. 

We have discussed in Section 3, each specific k can find a corresponding 
deposit insurance premium rate d,. (ui,, k, E’) satisfying E,,= E’. Banks’ equity 
return will be decreased to E’, which meets with the capita1 regulation target 
goal completely, hence variable-rate deposit insurance can substitute risk-based 
capital regulation. 

If the regulator taxes insufficient variable premium rate from banks, i.e. 
4 ((r,J < d,, 4’ > 0, to attract the banks participating in insurance system, then 
E > E,, > E’, although there is a slight collapse in banks’ equity return, but not 
reaching the EK regulating level, As shown in Fig. 5, regulator charges variable- 
rate premium at the right of G, on the curve G,G?. On the same global efficient 
frontier, the larger u is, the higher the deposit insurance rate &I ,,~, is taxed, i.e. 
the flatter efticient frontier. When d=d,., the efficient frontier will become a 
horizontal line and the regulation target goal will be reached even though 
capital regulation not existing or required. The efficient frontier between G,C;, 
and G,D, will still need the assistance of capital regulation to reach regulation 
target goal, as the efficient frontiers are all started from G,, hence as long as the 

Fig. 5. Regulator charges variable-rate premium at the right of G, on the curve G,G,. 
On the same global efticient frontier, the larger u is, the bight the deposit insurance rdte 

4 lrd is taxed, i.e. the flatter efficient frontier. When d=d,, the efficient frontier will 
become B horizontal line and the regulation target goal will be reached even though 

capital regulation not existing. 
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variable-rate premium is charged insufficiently, original regulatory instrument, 
capital ratio, must be injected to reach the regulating target goal. 

4.3. Mu@cation of Risk Weights 

If the regulator, after banks participating in the deposit insurance system, still 
hope to maintain the original equity return ceiling, En, he needs to reconsider 
new asset risk weights. 

In Fig. 2, ~5; intersects with D,D, at D,, the regulator must set new asset risk 
weight based on new funding cost. From Eq. (6), the optimal risk weight ol:can 
be obtained. 

a*=0 if u, - u,IO 

If af > 1, then a? > a:. If uf; < 1, then a* < a;. It means after the banks 
participating in deposit insurance system, regulator must raise risk weights of 
risky assets and reduce risk weights of low-risk assets to maintain the upper 
bound of original equity return, EK. Under the circumstances that the funding 
cost of banks increases, and the risk of bankruptcy is protected by insurance 
institutes in meeting claims, the incentive to high-risk assets will increase. 
Hence, through modification of risk weight and increasing banks’ costs in 
taking risk, the target goal of regulating upper bound of equity return, E’, can 
be achieved. 

The level of risk weights needs to be adjusted because of higher operational 
risks. Whether it will be different between prior and after bank participating in 
the insurance system, depends if the insurance premium rate is variable or 
not. 

As shown in Eq. (lo), if the rate is fixed, the second term of Eq. (10) would be 
zero. There wouId not be any difference between prior and after participating 
in deposit insurance system with the level of risk weights needing to be raised 
because of higher operational risk. Banks increase funding cost and operational 
risk but not necessarily increase additional risk weight. And, since there is the 
insurance institute to shelter a bank from the bankruptcy risk, it certainly 
creates motive in holding high-risk assets. Therefore, the results of this section, 
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that combining risk-based capital regulation and fixed-rate insurance system 
can reach the original target goal of regulators, are the same as argument in 
Section 4.1. 

If the rate is variable, and the banks are holding high-risk assets, i.e. uf > I, 
the second item of Eq. (10) would be larger than 0. Thus, banks have to pay 
extra prices for higher operational risk, increasing risk weight and insurance 
premium rate, because the increase of variable rate can offset the increase of 
equity return. Therefore, combining risk-based capital regulation and variable- 
rate insurance system will reach the original target goal of regulators, same as 
the result in Section 4.2. 

4.4. Summap 

Capital regulation and deposit insurance are both the instruments for regulator 
used to control the operational risks and insolvent probability of a bank. 
Examining the effects and reciprocal influences of the policies would enhance 
the effectiveness of decision and reduce wasting of resources. The main results 
in this section are as follows: 
(1) By raising capital ratio in holding risky asset and excluding high-risk 

portfolio, risk-based capital regulation will attain the regulatory target goal 
of controlling the bankruptcy probability. 

(2) If risk-based capital regulation is replaced with fixed deposit insurance 
premium, the banks would pursue high operational risk. It would cause 
moral hazard, if the original regulation target goal were to be achieved in 
this manner, 

(3) In the absence of capital regulation, imposing high insurance premium on 
the banks with high operational risk, i.e. pricing insurance premium based 
on operational risks would obtain the same effect as risk-based capital 
regulation. So the variable-rate deposit insurance system can be a substitute 
for risk-based capital regulation. 

If the regulator decides to charge lower insurance premium to attract banks to 
participate in the deposit insurance system, the subsidy on the banks under 
deposit insurance system will be corrected by risk-based capital control. The 
coordinate situations are as follows: 
(1) The increasing capital cost resulting from fixed insurance premium has to 

be compensated with higher return on higher risk. However, the insurance 
premium rate does not increase with high risk, which strengthens the 
incentive to increase the risk-taking of banks. Risk-based capital regulation 
can only eliminate part of the high-risk portfolio, and the risk of optimal 
solution would still be increased. 
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(2) If the variable-rate insurance premium is insufficient, it may cope with the 
original capital ratio regulation, but the risk weight must be adjusted as 
raising the risk weights of high-risk assets. Since the raised weight can 
offset completely the increased equity return resulting from insufficient 
premium, the banks will not have the incentive to increase the risk taking 
and the original regulatory target goal will be reached. Conversely, if the 
regulator fails to adjust the risk weight before adopting the insufficient 
variable-rate insurance premium system, the increased equity return due to 
insufficient premium would not be offset. So the tradeoff between bank’s 
return and risk can be improved, which would increase the incentive for 
banks to take risks. 

5. EMPIRICAL ANALYSIS OF OPERATIONAL AND 
BANKRUPT RISK MANAGEMENT 

5. I. Formation of Hypothesis 

According to the evolution of capital regulation and deposit insurance in 
Taiwan during the period from 1985 to 2000 (see Table l), we classify the 
period into three stages. (I) The insurance rate had experienced three times 
reduction during the period of fixed rate system. (2) Risk-based capital 

Table 1. Recent Regulatory Changes and Interactions in Taiwan. 

Times 
Regulatory changes 
and interactions 

1982.09 

1987.01 

1988.01 

1993.01 

2000.0 I 

Implement fixed-rate 
deposit insurance system, 
rate set at 0.05% 
Lower insurance 
rate to 0.04% 
Lower insurance rate 
to 0.015% 
Implement RBCR 

Adopt variable deposit 
insurance rate 

Interactions 
-~ 

Increase bank 
capital cost 

Decrease bank 
capital cost 

Decrease bank 
capital cost 

Higher risk to 
return ratio 

Higher risk to 
return ratio 

Eliminate high Higher risk to 
risk portfolio return ratio 

Eliminate high 
risk portfolio 

Higher risk to 
return ratio 

Possible effects on bank 
return and risk 
~. -. ~~ 
Lower risk to 
return ratio 



regulation policy is executed overall in January 1993. (3) Variable rate deposit 
insurance rate was introduced in January 2000. 

Based on the results of Section 4.4, the implementation of new regulation 
may lead to changes of bank portfolio decision. (1) Moral hazard may exist 
under fixed-rate deposit insurance system, so the higher the insurance rate is, 
the lower the banks’ return to risk ratio becomes. (2) Implementation of risk- 
based capital regulation can achieve the goal of reducing bankruptcy, so the 
banks’ return to risk ratio can be higher. (3) If the regulator did not raise the 
risk weights but charged insufficient variable-rate premium rate, the increased 
equity return due to insufficient premium would not be offset. So the tradeoff 
between bank’s return and risk can be improved. From the proceeding 
discussion, this paper forms the following hypotheses to test whether the 
tradeoff between banks’ return and risk can be changed or argued before and 
after adopting new regulation. 

(I ) Under the fixed-rate deposit insurance system, the higher the rate is, the 
lower the bank’s return to risk ratio is. 

(2) After risk-based capital regulation is imposed the bank’s return to risk ratio 
can be improved. 

(3) If the regulator fails to raise the risk weights when adopting insufficiently 
variable-rate insurance premium system, the banks’ return to risk ratio will 
be higher, and banks will have more incentives to take risk. 

The deposit insurance system was implemented in September 1985 in Taiwan, 
with the fixed premium rate set at 0.05%. At that time, the regulator had many 
restrictions on the establishment and operation of banks, and the banks 
operated rather conservatively and hardly went bankrupt, so not many hanks 
participated in the deposit insurance, Latterly, in order to attract participants, 
the regulator adopted low rate strategy, and lowered the insurance premium rate 
to 0.04% and 0.015% in January 1987 and January 1988 respectively. 

Following the efforts of Taiwan joining WTO, the paces of financial 
liberation and internationalization have been accelerating, and the regulator 
eased the restriction on establishment and operations of banks. The competi- 
tions between banks are getting more intense, so the operational strategies 
become more opened than ever, and the risks faced by banks are much higher. 
Risk-based capital regulation policy was executed completely in January 1993, 
requiring the capital level set in accordance with the risk structure of banks’ 
assets. We can see asset items and corresponding risk weights regulated in 
Taiwan from Table 2. The constituents of capital including three categories 
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regulated in Taiwan shown in Table 3. These rules are based mainly from 
Amendment to the Capital Accord to Incorporate Market Risks proposed in 
1996 by Basle Committee on Banking Supervision. The amount of risky assets 
is determined by asset balances multiplying corresponding risk weights, bank 
capital must exceed 8% of risky assets, even variable deposit insurance rate 
was implemented in January 2000 to control the banks’ risks through price 
mechanism and maintain the financial stability. 

This articIe examines the effects of bank capital regulation and deposit 
insurance policies on the banks’ return to risk ratios during the period from 
1985 to 2000. The tradeoff may be regarded as one kind of risk premium. Ronn 
and Verma (1989) and Mei-Ying Liu (1994) took market value of equity as the 

Table 2. Risk Weights and Asset Items. 

Risk weight 5% Asset item 

0 Cash, claims on central government and central banks denominated in 
national currency and funded in that currency, Claims on OECD central 
government and central banks, other claims on OECD central governments 
and central banks, Claims collateralised by cash of OECD central- 
government securities or guaranteed by OECD central governments 

10 

20 

Claims on domestic public-sector entities, excluding central government, 
and loans guaranteed by such entities 

Claims on multilateral development banks and claims guaranteed by, or 
collateralised by securities issued by such banks, Claims on banks 
incorporated in the OECD and loans guaranteed by OECD incorporated 
banks, Claims on banks incorporated in countries outside the OECD with a 
residual maturity of up to one year and loans with a residual maturity of up 
to one year guaranteed by banks incorporated in countries outside the 
OECD, Claims on non-domestic OECD public-sector entities. excluding 
central government, and loans guaranteed by such entities, Claims on 
domestic banks, and loan guaranteed by such entities, Negotiation of 
export draft, Inward remittance, Claims guaranteed by govemment- 
authorized credit institutes, 

50 Loans fully secured by mortgage on residential property that is or will be 
occupied by the borrower or that is rented 

loo Claims on banks incorporated outside the OECD with a residual maturity 
of over one year, Claims on central governments outside the OECD (unless 
denominated in national currency - and funded in that currency -see 
above), all other assets 

Suurte: Ministry of Finance, Taiwan. 
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Table 3. Classifications of capital. 

Eligible capital 

Tier I capital 

_ 
Capital items 

Common stock, non-cumulative preference shares, subscription capital, 
share premiums. retained profit, general reserves, legal reserves. and 
minority interests in the equity of subsidiaries less than wholly owned, 
excluding revaluation reserves and cumulative preference shares 

Tier 2 capital Cumulative preference shares, revaluation reserve of tixed asset, a 557’0 
discount on hidden values of revaluation reserves in long-term holdings 
of equity securities, convertible bond, general loan-loss reserve, 
allowance for bad debt, and long-term subordinated debt 

Tier 3 capital Short-term subordinated debt 
.--~ ..~- 

SOUKP: Ministry of Finance. Taiwan. 

basis of computing risk and equity return. This paper will take expected stock 
return rate and variance of stock return rate as instrument variables of the 
banks‘ equity returns and risks respectively. It takes the publicly held banks as 
samples from 1985 to 1999 with full records of participating in deposit 
insurance system. It includes Changhua Commercial Bank, Huanan Commer- 
cial Bank, First Commercial Bank, China Trust Commercial Bank, Hsinchu 
Business Bank, Taipei Business Bank, Tainan Business Bank, Kaohsiung 
Business Bank, Taitung Business Bank and Taichung Business Banks, totaling 
ten in number. The stock return rate data were taken from the Economic 
Statistical Database of AREMOS\UNIX of Ministry of Education, Taiwan. 
During the period of adopting fixed-rate system, the Deposit Insurance 
Company had reduced the rate for 3 times. In January 1993, the risk-based 
capital regulation was imposed, and variable-rate deposit insurance rate was 
introduced in January 2000. This paper takes the monthly stock return rate of 
the 10 banks before and after the events to calculate the expected value and 
variance, then test the recently rederegulatory impact of bank capital and 
deposit insurance on risk attitude change of banks in Taiwan. 

5.3. Empiricnl Modci 

This paper uses the general linear regression of the least square model to test 
the following hypotheses. 

Hyputhesis I: Under fixed-rate deposit insurance system, the higher the 
insurance premium rate is, the lower the bank’s return to risk ratio is. 
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With a dummy variable to represent before and after reduction of rates, the 
regression equation is designed as follows: 

r,=a,,+a,uP+a2Z+cr.,(ui. I)+cY,(u:~ T)+cQ(Z. T)&, (11) 

where, 

r, is the expected stock return rate of the ith bank. 
uf is the variance of stock return rate of the ith bank. 
I is the dummy variable = 0 representing after the reduction of rate. 

= 1 representing before the reduction of rate. 
T is the dummy variable = 1, 2, 3 representing 1985, 1987 and 1988 

respectiveIy. 
E, is the residual error. 

If a, is less than 0 significantly, we cannot reject Hypothesis I. After the 
reduction of insurance premium rate, there is an improvement in the tradeoff 
between banks’ return and risk. 

Hypothesis II: After implementation of risk-based capital regulation, the 
banks’ return to risk ratio can be higher. 

The dummy variable represents before and after the implementation of risk- 
based capital regulation, the regression equation can be as follows: 

r;=Po+P,aj!+P*C+P~(uf’ c)+Ei (12) 

Where, C is the dummy variable =0 representing after the implementation of 
risk-based capital regulation. 

= 1 representing before the implementation 
of risk-based capital regulation. 

.zi is the residual error. 

If & is less than 0 significantly, we cannot reject Hypothesis II. Which implies 
that after the implementation of risk-based capital regulation, the banks’ return 
to risk ratio can be higher. 

Hypothesis III: If the regulator did not raise the risk weights but charged 
insufficient variable-rate premium rate, the banks’ return to risk ratio will be 
higher, giving more incentives for bank to take risks. 

With the dummy variable representing before and after adopting variable-rate 
insurance premium, the regression equation may be further set up as follows: 

r, = y(] + y,a: f y,v+ y&r; . V) e I, (13) 



Where V is the dummy variable =0 representing after the implementation of 
variable-rate premium system, 

= 1 meaning before the implementation 01 
variable-rate premium system. 

F, is the residual error. 

If y) is less than 0 significantly, then we cannot reject Hypothesis III. after 
implementation of variable premium rate system, the banks’ return to risk ratio 
will be higher and inspire banks to take risk. 

5.4. Empirical Results 

The insurance deposit system in Taiwan had experienced three times reduction 
during the period of fixed rate system. We take six months period before and 
after the event, the reduction of premium rate, to test whether the tradeoff 
between return and risk of 10 banks has changed. Firstly, we test lhc 
coincidence of regression lines. If we reject the hypothesis, all of CK?, (y, CI~. CQ 
equal to 0, it represents the regression lines do not coincide, i.e. the intercepts 
or slopes of regression lines before and after the event are not equal. It means 
dummy variables have explanatory ability. Secondly, we test the parallel oC 
regression lines. If we reject the hypothesis, both of equal to 0, it represents the 
slope of regression lines are not equal, i.e. the regression lines do not parallel. 
It means there is interaction between dummy variables and independent 
variables. F-values are 38.2944** and 4.3360* respectively. It indicates both ol 
rate-reduction and period factors may change the tradeoff between return and 
risk significantly. In order to prohibit heteroscedasticity, following constant 
variances assumption in regression model, this paper adopts weighted least 
squared model, taking the square of stock return rate variance u 2 as the weight, 
and induced the parameter estimates of regression coefficient after transforma- 
tion and t-value, with results as follows: 

r, = 0.63lY +OAl244u~’ - 4.74691- O.O54O(<r;~ 1)+0.007l(u~ T)+3.7794(/. T)+E, 

1432X*;*) (0.8S2) ( - 7.94.5*“)( - 2.X96**) (0.668) (5.969*:“) (14) 

F=46.740*’ R’=0.8123 

We can see from Eq. (14), LU? is significantly negative, it indicates after Ihe 
reduction of fixed rate, the regression line moved up, with less insurance 
expenditure, and increase the return to the bank significantly. And, cr, is 
significantly negative, it means after the reduction of premium rate, there is 
improvement in the tradeoff between banks’ returns and risks, hence 
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Hypothesis I can not be rejected. However, oq > 0 is not significant, we still 
can see that between 1985 and 1988, Taiwan was in the stage of high economic 
growth, the tradeoff between bank’s returns and risks is gradually improved. 
Besides CY~ is significantly positive, it means that there is interaction between 
time factor and premium rate factor. The later the period, economic growth in 
Taiwan is higher, the descending premium expenditure is more insignificant to 
the banks’ return. 

Next, it follows that with the six-month period before and after the risk- 
based capital regulation for the examination of 10 banks prior and after the 
event, the changes of tradeoff between return and risk. The coincidence and 
parallel of regression equation is examined firstly, The values of F are 
26.245X** and 10.6593** respectively, indicating that the risk-based capital 
regulation may have changed significantly the tradeoff between the banks’ 
return and risk. The parameter estimate and t-value of regression coefficient are 
as follows: 

r,= - 0.0239 +O.O262crf - 0.2621C - O.O437(u; - C) + q 
( - 0.077) (5.005**) ( - 0.609) ( - 0.0039) 
F=67.697** R2 =0.9104** (15) 

It can be found from Eq. (15), p, is significantly positive, so there is a positive 
relationship between risk and return. We also find IS1 is significantly negative. 
It represents after the implementation of risk-based capital regulation, the 
banks’ return to risk, so Hypothesis II cannot be rejected. 

Finally, we take six months period before and after the event, implementa- 
tion of variable premium rate system, to test whether the tradeoff between 
return and risk of 10 banks has changed. The coincidence and parallel of 
regression line is tested firstly. F-values are 9.5836** and 0.6180 respectively. 
It indicates after the implementation of variable-rate premium system, the 
banks’ return level may have been changed significantly. The parameter 
estimate of regression coefficient and t-value are as follows: 

ri=- 1.7761+0.1727~:-0.204V~0.1108(u~~V)+.si 
( - 2.028*) (1.527) ( - 0.106) ( - 0.444) 
F=2.83 R2 = 0.3466 (16) 

From Eq. (16), we can see that the null hypothesis y3 = 0 is true. If we abandon 
interaction term (a; * v), retest the coincidence of regression lines, F-value is 
6.8539*. It represents after implementation of variable rate, the return level of 
bank may have been changed significantly. The parameter estimate of 
regression coefficient and t-value are as follows: 
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f-j=-- 1.61 f O.l%f- l.o37V+&, 

( - 2.08”) (2.618*) ( - 1.524) 

F=4.351* R’ = 0.3386 (17) 

From Eq. (17), we can see that the null hypothesis yz=O is not rejected, it 
represents after implementation of variable rate, the level of banks’ return has 
been changed insignificantly. 

6. CONCLUSIONS AND MANAGEMENT IMPLICATION 

This paper based on the mean variance model on bank portfolio decision by 
Kim and Santomero (19SS), modifies and proposes a model discussing the 
coordination of capital regulation and deposit insurance to reach the target goal 
of regulator. The major theoretical results are as follows: 

(1) Risk-based capital regulation with the increased capital ratio for holding 
risky assets can exclude high-risk portfolios. It has achieved the regulation 
target goal of controlling the insolvency probability of banks in Taiwan 
during the period of 1985 to 2000. 

(2) When fixed-rate deposit insurance system is applied in place of risk-based 
capital regulation, the banks pursue high-risk operation to attain the 
original regulation target goal and cause moral hazard during this period. 

(3) Adopting variable-rate insurance premium makes banks have the same 
effect as risk-based capital regulation. So, variable-rate deposit insurance 
system can substitute for risk-based capital regulation during this period. 

If the regulator takes a lower insurance premium rate to attract banks to 
participate in the deposit insurance system, the subsidy on the banks under 
deposit insurance system might be corrected by risk-based capital control. The 
coordinate situations are as follows: 

(1) The increasing capital cost resulted from fixed insurance premium has to 
be compensated with higher return on higher risk. However, the insurance 
premium rate does not increase with high risk, which strengthens the 
incentive to increase the risk taking of banks. Risk-based capital regulation 
can only eliminate part of the high-risk portfolio, and the risk of optimal 
solution would still be increased. 

(2) If the variable insurance premium is insufficient, the risk weights must be 
raised to achieve the original regulation effect. Conversely, if the regulator 
fails to adjust the risk weight before adopting the insufficient variable-rate 
insurance premium system, so the tradeoff between bank’s returns and 
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risks can not be improved, which would give the incentive for banks to take 
risks. On the other hand, if the regulator failed raising risk weight, but 
implemented insufficiently variable insurance premium rate system, it 
would improve the tradeoff between return and risk if banks can raise the 
incentive for banks to increase their risk taking. 

This article examines the effects of bank capital regulation and deposit 
insurance policies on the banks’ return to risk ratios during the period between 
1985 and 2000. It took the publicly-held banks during the period between 1985 
and 1999 with full records of participating in deposit insurance system as 
samples. In Hypothesis I, we test whether higher fixed insurance premium will 
worsen the tradeoff between banks’ returns and risks. In Hypothesis II and III, 
we test separately whether implementing risk-based capital regulation or 
variable insurance premium system will improve the tradeoff between banks’ 
returns and risks. Hypothesis I and II are both supported by the empirical 
results. However Hypothesis 111 is not supported. It is possible that since most 
of the data are from governmental banks, they tend to be conservative in 
adjusting strategies for risk and return, so Hypothesis III is rejected. 

To sum up, there is a converse relationship between variable deposit 
insurance system and risk-based capital regulation, decrease of one rate can 
substitute for increase of another in theory, each of them has its own advantage 
to the regulator. Both of them helping each other to achieve the common 
regulation target goal shall be the most feasible measure. Therefore, 
considering both of them into pricing strategy simultaneously can reduce 
redundant taxes on banks and make allocation of resources optimal. 
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APPENDIX 

According to Kim and Santomero (198X), derivation of the efficient frontier 
from Eq. (I) result in: 

EL = EL,,,, -I- [Wz>(tJ; - CT ;,,,,,]“’ 

where, (E,,,,, IT’ I ,,,) represents the minimum-variance portfolio for a given k. 
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THEMARKETVALUEANDDYNAMIC 
INTERESTRATERISKOFSWAPS 

Andrew H. Chen and Mohammed M. Chaudhury 

ABSTRACT 

At the time qf initiution, interest rcrte swaps are of zero market value to the 
counterparties involved. However; as time passes, the market value of the 
swap position of counterparty may become positive or negative. In this 
papeP; we examine the market values and dynamic interest rate risks qf 
existing swap positions using the one-factor general equilibrium term 
structure model of Cox, Ingersoll and Ross (1985). The valuation and risk 
measurement framework of this paper should be useful in developing a 
value cum risk accounting method advocated by Merton and Bodie (1995) 

far better internal management and reporting purposes and for more 
qffective regulation. 

INTRODUCTION 

Since their introduction in the early 198Os, the market for interest rate swaps 
has grown very rapidly in the past two decades. As of the end of 1994 the 
notional amount of outstanding interest rate swaps was more than $8.8 trillion.’ 
It is notable that banks are now the major players in the market for interest rate 
swaps, For instance, as of the end of 1992 the notional amount of outstanding 
interest rate swaps was $6.0 trillion, and U.S. commercial banks alone held 
$2.1 trillion of interest rate swaps.’ The growing popularity of interest rate 
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swaps is due in part to the fact that interest rate swaps are simple and easy to 
execute and they are the relatively inexpensive instruments for hedging or for 
altering the interest rate risk of a firm’s portfolio.” 

The U.S. commercial banks’ dominance in the swap markets has recently 
raised many concerns about their swap transactions. These include the 
possibility of the failure of some large banks in the swap market leading to 
the coIIapse of the payments and credit systems, known as the systemic 
risk. Besides such dire consequences at the banking system level,” the swap 
transactions of an individual bank or a business corporation also have important 
implications for its shareholders, creditors and other stakeholders. Efforts 
are being made by various regulatory and accounting overseeing agencies to 
better disclose and monitor the swap and other derivatives reIated positions of 
their users. Many users themselves are also instituting internal policies and 
mechanisms to closely track and manage their positions in the swap and other 
derivative markets. 

An important element for the success of any external or internal effort to 
better regulate, disclose, or manage the derivatives positions is the measure- 
ment of the fair market value (simply the market value hereafter) as well as the 
interest rate risk of these positions. To underscore the importance of and 
the need for risk measurement, Merton and Bodie (1995, pp. X-10) write, 
“To facilitate measurement, financial accounting must undergo fundamental 
revisions in the long run . . . central to those revisions is the creation of a 
specialized new branch dealing with risk accounting. Until a system of risk 
accounting is in place, truly effective regulation will be difficult to implement” 
(italics added). 

Of course, it will be desirable to maintain consistency between measure- 
ments of value and risk which calls for a unified treatment of market value and 
risk of derivatives. For derivatives such as futures and options, there are well- 
developed valuation models in the finance literature for this purpose. For 
swaps, much has been done about their valuation when they originate. This 
includes the literature that deals with the pricing of the credit risks of the 
counterparties of a swap arrangement.” In comparison, unified theoretical 
expositions of the market value and the interest rate or market risk of previously 
established swap positions are lacking in the literature.” 

This paper offers a simple approach to determine the market value and the 
interest rate risk of previously established pluin vanilla swap positions. This 
approach can be implemented easily and provides important insights into the 
valuation of existing swap positions. For example, the market value of an 
existing swap position is shown to be related to the value of a reference coupon 
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bond with a fixed coupon rate and unit face value. The coupon rate of this 
reference coupon bond, however, varies depending on whether the swap 
position is that of a fixed rate payer or receiver. 

Since interest rate swaps are interest rate contingent contracts, their market 
values and risks are intimately related to the term structure of interest rates. We 
explore these links using the one-factor general equilibrium term structure 
model of Cox, Ingersoll and Ross (1985), commonly known as the CIR model.’ 
Use of the CIR model allows us to derive a dynamic measure of interest rate 
risk for the existing swap positions that is similar to the stochastic duration 
measure of Cox, Ingersoll and Ross (1979) for coupon bonds and the quasi 
stochastic duration measure of Chen, Park and Wei (1986) for bond futures. As 
noted by Sundaresan (1991), “. . . precise quantification of the . . interest rate 
risk (exposure) is an important outcome of the model.” This important benefit 
may be lost if a more flexible term structure model (e.g. Heath-Jarrow-Morton 
or Ho & Lee) or a simulation-based value-at-risk type model is used instead. 

The swap valuation and risk measurement framework of this paper extends 
the existing literature in the following ways. First, while the focus in the 
literature is predominantly on the pricing of at-the-money swaps,X we take 
the at-the-money swap rates from the market as given and examine instead the 
market value of previously established swap positions. 

Sernnd, we incorporate at-the-money bid and ask prices from the secondary 
market in valuing the long and short positions.” This results in differential 
market values for the two counterparties of the same swap contract. Our 
framework can also be used for investigating how the term structure of swap 
dealers’ bid and ask price differentials impact on the market value of long and 
short positions. 

T&-cl, we adapt the stochastic duration measure of Cox, Ingersoll and Ross 
(1979) to the case of previously established swap positions and examine the 
behavior or this risk measure in details. It is shown that the interest rate risk of 
a swap position differs in essential ways from that of a bond.“’ For example, 
it is not even possible to exactly calculate the relative variation of an 
at-the-money swap position. 

Lusrly, we broaden the simulation results to include swap maturities up to 
ten years. In an earlier study, Sundaresan (1991) considered maturities up 
to five years only. As we shall see, especially when considering the interest 
rate risk, swap positions of maturities longer than five years can behave 
quite differently from those with shorter maturities. The need for examining 
longer maturity swaps has also increased in recent years with the advent 
of longer maturity Eurodollar futures contracts. 
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The value and risk measurement framework of this paper can be useful from 
a practical point of view in several regards. First, our framework can be applied 
to evaluate the adequacy of current disclosure requirements with respect to 
swap positions of firms in general and the financial institutions in particular. 
Second, early warning signals to detect severe erosion in equity and excessive 
risk exposure can be put in place using our framework. The dynamic risk 
measure derived in this paper should be particularly useful in tracking the risk 
exposure in a changing market. Third, the constructs of our paper can be 
applied to establish proper hedge by firms wanting to hedge their swap 
positions or other term structure-sensitive assets or liabilities. In the same vain, 
the establishment and management of an internal policy of specific risk 
exposure targeting, such as a target stochastic duration, can be facilitated using 
our results. Fourth, since we use a general (equilibrium) framework for interest 
rate contingent claims, the market value and risk of economic transactions that 
are either equivalent or close in nature to swap positions, e.g. parallel loans, can 
be measured and analyzed using a common framework. Such attempts will 
be in the spirit of fun&anaZ regulation or similar regulatory treatment of 
economically equivalent transactions advocated by Merton and Bodie (1995). 

The rest of this paper is organized as follows. In Section 1, we describe 
models for determining the market values of previously established swap 
positions to the counterparties. Equilibrium valuation of existing swap 
positions using the CIR model is then discussed in Section 2. In Section 3, we 
address the interest rate risk of existing swap positions and derive a dynamic 
measure of this risk. The effects of introducing credit risk are briefly explored 
in Section 4. We conclude the paper in Section 5. 

1. THE MARKET VALUES OF SWAP POSITIONS 

At the date of contract initiation of a fixed/floating interest rate swap, the swap 
contract is usually executed at-the-money and the counterparties are said to 
have positions in a par value (or at-the-money or at-market) swap because there 
is no initial cash exchange between the two counterparties. Thus, at the date of 
contract initiation, an interest rate swap contract is neither an asset nor a 
liability to either counterparty+ However, subsequent to its initial date of 
agreement, any changes in market interest rate can cause the value of a swap 
contract to become positive (an asset) to one counterparty and negative (a 
liability) to the other counterparty. In the following, we shall develop and 
discuss models for determining the market values of existing lung (fixed rate 
payer) and short (fixed rate receiver) swap positions. 
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I. 1. Not&inn and Assumptions 

203 

To determine the market values of an existing fixed/floating interest rate swap 
to its counterparties, let us introduce the following notation: 

W  
m 

Pti, 0 

r(m, t) 

41 
i&n. I) 

i,,(m 1) 

LSh f) 

SS(m, t) 

the notional principal of the swap; 
= T - t, the remaining time to maturity of the swap, also known as 
the tenor of the swap when the swap is originated, where T is the 
original maturity date of the swap and t is the swap evaluation 
date; 
the price at time t of a default-free unit discount (zero coupon) bond 
that matures at time t+j; 
= 2[ 1 - P(m, t)]l[Fi= ,,,ii P(j. t)], the bond-equivalent annual yield to 
maturity (BEY) on the m-maturity par value Treasury bond at time 
t implied by the zero coupon yield curve;’ ’ 
the original fixed rate of interest of the swap; 
the dealer’s bid price [also known as pay rute) of the m-maturit\ 
swap at time t; it is the fixed-rate of an at-the money swap when 
dealer pays the fixed rate; 
the dealer’s ask price (also known as receive rute) of the m-maturi@ 
swap at time t; it is the fixed-rate of an at-the money swap when 
dealer receives the fixed rate;” 
the market value of an existing m-maturity swap to the long-swap- 
position-holder (the buyer) at time C; 
the market value of an existing m-maturity swap to the short-swap- 
position-holder (the seller) at time f. 

We make Lhe following assumptions: 

(AI) Markets are fiictionless except for the swap dealers’ spreads. 
(A2) Any effect of credit risk is already incorporated in the dealer’s spreads. 
(A3) Swap payments are made in arrears. 
(A4) Reset and payment frequencies are equal to the maturity of the floating 

index,” the 6-month LIBOR. The floating rate in this paper is the 
6-month LIBOR flat without any spread.” 

Ignoring credit risk and swap spreads, the rae+~ at-the-money swap rate on a 
reset date is simply the BEY of a par value fixed rate bond, namely r(m,r) in 
this paper. On an intermediate date between two reset dates, the at-the-money 
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swap rate for a swap that is identical to the existing swap except for the fixed 
rate can be calculated as: 

2[(1+0.5 LIBozUJP(l,r) - P(m,t)]l [ 1 c P(jJ) 
j=l,m 

where LIBORL is the annualized 6-month LIBOR rate from the last reset date. 
This at-the-money rate of a new swap may be different from r(pn,t) as the 
floating rate bond may not sell at par between reset dates. For the sake of 
simplicity, however, we assume from hereon that the valuation date t is a reset 
date. As such we refer to an m-maturity swap alternatively as an m-period swap, 
i.e. a swap with m  semiannual periods remaining to maturity. 

The secondary market swap prices will reflect swap dealer’s spread in 
addition to the theoretical at-the-money rate mentioned above. The actual 
process of determination of the swap dealer’s bid and ask prices is outlined in 
Appendix A. Without loss of generality, we can express the bid and ask prices 
in the following manner:” 

i,Jm,t) = r(m,t) -t d,,(m,t), and 

where d&n,t) and d,,(m,t) are dealer’s bid and ask swap spreads. In general, the 
swap spreads can be functions of the term structure and thus can be an 
additional source of variation in the bid and ask prices as the interest rate 
situation changes in the market.” This indirect effect of changes in Treasury 
market yields is however quite small compared to the direct effect through 
r(m,t) since the spreads themselves are quite small relative to r(m,t). Hence we 
assume in what follows that the spreads do not depend on the Treasury yields. 
We, however, allow the spreads to vary with the time to maturity of the swap, 
m, as is the case in reality. 

1.2. The Market Value qfAn Existing Swap Position 

Most of the existing fixed/floating interest rate swaps, especially those with 
more active floating indices such as LIBOR and T-bill rates, can be readily 
traded in the secondary markets. The market value of an existing swap position 
can be defined as the lump sum dollar amount the dealer must receive or pay 
to be indifferent between stepping into the existing swap position or taking the 
same side in a new at-the-money swap.” If the dealer takes over the swap 
buyer’s existing long position instead of taking the long side in a new at-the- 
money swap, she will experience an incremental cashflow of w(i,,(m,t) - i,,)/Z] 



The Market Value ond Dynamic Interest Rate Risk of Swaps 20s 

for the next 111 semiannual periods. Ignoring credit risk, the incremental 
cashflow stream to the dealer is certain since it does not depend on the floating 
rate. Thus, the market value of the swap buyer’s existing long position is:” 

Note that Sundaresan (1991) derives the market value as the differential 
between the value of the remaining floating payments and the value of the 
remaining fixed payments {at the original fixed rate), both valued according to 
the current default-free term structure. Since the value of the remaining floating 
payments is equal to the value of the fixed payments at the new at-the-money 
rate, the valuation formula in (1) is similar to Sundaresan’s formula (p. 418) 
except that we incorporate the swap dealers bid-ask spreads. Additionally, the 
formula in Eq. (1) highlights the fact that once the new at-the-money rate is 
known, the market value of an existing swap position is simply the difference 
in values of two fixed rate bonds (or the value of a constant annuity). 

Using Eq. (I), a fixed rate payer can easily calculate the market value of her 
position by simply observing the dealer’s bid price and the current term 
structure or the market prices of the zeros.” At any given point in time, an 
existing long swap position is of positive (an tisset) or flegcltive (a liahilit~) 
market value to the swap buyer depending on whether i,,(~n,t) is KrealeP- than or 
less than i,,. If an existing long position is of positive value, LS(m,t)>O, the 
swap is said to be in-the-money to the swap buyer, and the buyer has gained 
from holding a long position in the swap transaction. If LS(m,t) < 0, the swap 
is said to be nut-o&the-money (i.e. the “underwater” swap) to the swap buyer, 
and the buyer has lost from the swap transaction. 

Similarly, the market value of the swap seller’s existing short position can be 
derived as: 

SS(m,t) = M IT(i,, ~ i,,(mAY21 1 
I 1 

C WJ) 
,: I.,?? 

Note that the magnitudes of the market values of an existing long position and 
an existing short position are different even if their terms (W,m,i,,) are identical. 
This differential value is what the swap dealer hopes to capture by making the 
market in swaps: 

I LS(m,t) ~ SS(w) ( = [d&u) - d#z,t)l (3) 



206 ANDREW H. CHEN AND MOHAMMED M. CHAUDHURY 

1.3. The Determinants of the Murket Value oJan Existing Swap Position 

The following two propositions yield useful insights into the determinants of 
the market value of swap positions. 

Proposition 1: The market value of an existing long swap position with m  
periods to maturity, LS(m,t), is proportional to the discount or premium of an 
m-maturity unit coupon bond with an annual coupon rate of [iO - d,(m,t)]. 

This can be seen by substituting for i,(m,t) in Eq. (1): 

LS(m, t) = w[ 1 - &(m,t)] 04 
where 

&ht) = PO0 + k, - 4hWl [ 1 c PW) (lb) 
j=l,m 

B,(m,t) is the price of an m-maturity coupon bond with unit face value and 
semiannual coupon of CL(m,t) = (i,, - d,,(m,t))/2. This m-maturity coupon bond 
would sell at par ($1.00) if it had a BEY of rBL(m,t) = i,, - d,(m,t). 

Proposition 2: The market value of an existing short swap position with m  
periods to maturity, SS(m,t), is proportional to the discount or premium of an 
m-maturity unit coupon bond with an annual coupon rate of [i,, - d,(m,t)]. 

Substituting for i,(m,t) in Eq. (2) leads to the above proposition: 

SS(m,t) = W[B,(m,t) - l] @a) 
where 

B,s(m,f) is the price of an m-maturity coupon bond with unit face value and 
semiannual coupon of C,(m,t) = (ii1 - d,(m,t))/2. This m-maturity coupon bond 
would sell at par ($1.00) if it had a BEY of r,,s(m,t) = ii) - d,(m,t). Hereafter, we 
shall refer to the bonds in Eqs. (1 b) and (2b) as the reference coupon bonds. 

Equations (la), (lb), @a), and (2b) confirm the common knowledge that a 
long (short) swap position behaves like a short (long) position in a coupon 
bond. It is, however, important to keep in mind that while the price and the 
discount or premium of a bond changes by the same dollar amount, the 
percentage changes do not necessarily match. Since the swap values are 
essentially discounts or premiums, their risk characteristics may not mirror 
those of the reference bonds, as we shall see later in this paper. 
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As expected from Eq. (3), the reference coupon bonds for the long and 
short swap positions differ in their coupon rates in the presence of dealer’s 
bid-ask spreads, and so do the degree of their moneyness. In general, when 
the long swap position is in-the-money, the short swap position will be 
out-of-lhe-money. However, exceptions may arise. 

Remurk I: In the presence of swap dealer’s bid-ask spreads, both 
counterparties of a swap may be out-of-the-money or in-the-money at the 
same time. 

This is now shown through an example. Suppose r(T,O) was 0.07, i*(T,O) was 
0.07 + 0.0041 and i,,(T,O) was 0.07 + 0.0045, However, the two counterparties 
struck the swap transaction without any intermediation at the midpoint, 
i ,,=O.O743. At t, r(m,t) is a bit higher at 0.0701. With the swap spreads 
remaining at the same levels, i,(m,t) = 0.0701 + 0.0041= 0.0741, and 
i,,(m,t) = 0.0701 + 0.0045 = 0.0746. Hence, in this example, i,(m,t) < i,, < i,,(m,t). 
Thus both the long position and the short position are now out-of-the-money. 
With the spreads remaining constant, this possibility will not arise if the 
original transaction took place through a dealer and/or if market interest rates 
moved enough. 

A more probable case is where the swap dealer’s bid and ask spreads have 
moved in the opposite directions. Suppose, at origination, r(T,O) was 0.07, 
i,,(T,O) was 0.0741 and i,,(T,O) was 0.0745. The counterparties took positions at 
these bid and ask prices. At t, r(m,t) is unchanged at 0.07. But due to a change 
in the market conditions or perhaps due to changes in the credit qualities of the 
two counterparties, the &(m,l) has dropped to 0.0040 and d,,(m,t) has increased 
to 0.0046. Thus, i&n,t) = 0.0740 < i,,(T,O) = 0.0741 and i,,(w) = 0.0746 > 
i,,(T,O) = 0.0745, and both the long position and the short position are now oul- 
of-the-money. 

Modeling such possibilities as demonstrated above may be pertinent in the 
context of works such as that of Duffie and Huang (1996). There the 
instantaneous default risk of the counterparty who is currently out-of-the- 
money is used in recursively solving the market value of the swap. In light of 
our Remnrk I, instantaneous default risk of both counterparties may be 
relevant.‘” 

In our default-free framework, as shown by Eqs (la), (1 b), (2a), and (2b), the 
broad determinants of the prices of the reference bonds and hence the market 
values of the existing swap positions per dollar of notional principal are the 
following: (i) the original fixed-rate of interest, i,,; (ii) the dealer’s current bid 
or ask swap spread, d,,(,(m,t) or d,,(m,t); (iii) the remaining time to maturity of the 
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swap, m; and (iv) the term structure of interest rates or discount bond prices, 
P(j,f)'s,j= 1,2, . . ,m. 

A higher i,, increases the value of both reference coupon bonds, B,(W) and 
B,Y(m,t), and hence leads to a lower (higher) market value of an existing long 
(short) swap position. Increased dealer’s bid-ask swap spreads, d,(m,t) and 
d,,(m,t), reduce B,(m,t) and E,s(m,t), and hence lead to a higher (Zower) market 
value of an existing long (shorl) swap position. 

Other than the minor effect of time to maturity, WI, via the spreads, its 
primary impact on the market value of the swap positions is intertwined with 
the effect of the term structure of interest rates. Specific comments about these 
effects can only be made in the context of a given term structure model. 

A term structure model can also be useful in linking the market value and 
risk of swap positions to the parameters of a stochastically evolving economy, 
in deriving a stochastic interest rate risk measure, and in predicting the effect 
of swap’s time to maturity. Further, a swap portfolio may comprise of swap 
positions of varying maturities and there is no natural choice for a single yield 
measure as a determinant of the market value and risk of the swap portfolio. A 
(one factor) term structure model can provide such an yield measure. 

2. EQUILIBRIUM TERM STRUCTURE THEORY 
AND THE EFFECTS ON THE MARKET VALUE 

OF SWAP POSITIONS 

The finance literature is rich with term structure models.” Unfortunately, it is 
not clear which term structure model best captures the features of term 
structure movements in reality.22 In this paper, we use the one-factor general 
equilibrium term structure model of Cox, Ingersoll and Ross (198S), widely 
known as the CIR model.” This section starts with a brief presentation of the 
CIR model. This is followed by a discussion of the effects of the spot interest 
rate, the time to maturity of the swap position, and the equilibrium valuation 
parameters on the value of long and short swap positions. 

2.1. The CIR Model 

In the one-factor CIR model, the instantaneous default-free rate, r(t), 
alternatively referred to as the spot rate or the short rate, is the instrumental 
variable for the underlying single state variable that captures the fundamental 
stochastic characteristics of an economy, The dynamics of the spot rate is given 
by: 

dr(t) = K(8 - r(t)) dt + u&-(t) dz (4) 
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where dz is one-dimensional Wiener process, K >O, and O>O. Known as the 
mean-reverting square root model of interest rate, the process in Eq. (4) is a 
continuous time first-order autoregressive process where the randomly moving 
spot rate is pulled toward its stationary mean, 0; at an expected rate (speed of 
adjustment) of K. The instantaneous drift and variance of the spot rate are 
respectively ~(0 ~ r’(t)) and u’?-(t). 

The t ime t equilibrium price of aj-period (matures at t+j) default-free unit 
discount bond in the CIR mode1 is given by: 

f(j,f) = W A  expl - ~WKLOI (3 
where G(j,t)=[2yexpI(y+~+X)j/2]l{(y+~+X)(exp(yj)- l)+2,]]LKii”r’, 
H(j,t)=2(exp(yj)- I)/((y+K+X)(exp(yj)- 1)+2y}, y=>: {(K+)I)‘+2U’), 
and Xr(t) is the covariance of spot rate changes with percentage changes in 
optimally invested wealth (by a representative agent with constant absolute risk 
aversion). The parameter h is considered as a preference or risk premium 
parameter. 

The equilibrium term structure in terms of the yields to maturity on the unit 
discount bonds of various maturities, or the equilibrium yield curve, is given 
by: 

W,t) = 140 WJ) - ln (G(j,O)llj (6) 
The (equilibrium) market value of a swap position is a function of the 
equilibrium term structure or the set of equilibrium discount bond prices, 
P(j,f)‘s.*” Hence the spot rate, its stationary mean and its instantaneous 
variance, the risk premium parameter, and the speed of adjustment parameter 
are the economy-wide or fundamental determinants of the equilibrium market 
value of swap positions. For brevity, we omit the adjective equilibrium 
hereafter. 

2.2. Efect @ the Spot Rule 

Proposition 3: In the one-factor CIR model, the market value of a long swap 
position, LS(m,t), is an increasing concave function of the spot rate, r(t). 

Pro$ In the one-factor CIR model, discount bond price of any maturity in Eq. 
(5) is a decreasing convex function (P,(j,t) ~0, P&J) > 0) of the spot rate. 
Thus, the price of the reference coupon bond, B,(W), in Eq. (1 b), is also a 
decreasing convex function of the spot rate. Therefore, according to Eq. (la), 
the market value of an existing long swap position, LS(m,t), is an increasing 
concuve (LS,(m,i) > 0, LS,,(m,t) < 0) function of the spot rate, r(t). 

It can be shown that the par value coupon bond’s yield to maturity is 
increasing in the spot rate (r,.(m.f)>O), and therefore, LS(m,r) is increasing in 
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u(m,t). These results will hold for any one-factor term structure model where 
the discount bond price is a decreasing convex function of the spot rate for all 
maturities.2’ 

The direct relationship between the spot rate and the market value of an 
existing long swap position is in fact the net result of two influences. 

Remark 2: A term structure change has two effects on a swap position’s 
market value: (1) coupon effect: the incremental cashflow stream of a swap 
position changes; and (2) discounting efict: the value of the incremental 
cashflow stream changes. These two changes are not necessarily in the same 
direction. 

The coupon effect is due to change in the par value coupon bond’s yield to 
maturity, r(m,t), which in turn changes swap dealer’s bid and ask prices, i,(m,t) 
and i,(m,t). The discounting effect is of course due to change in the compound 
valuation factor or the annuity factor, C,=,,, P(j,t). Whether these two effects 
are in the same direction or not depends on the nature of the term structure 
movement and the swap position. 

Remark 3: The coupon effect and the discounting effect of a term structure 
shift on the market value of a long swap position are of opposing nature. 

When the term structure shifts, the yield to maturity and thus P(j,t) changes in 
the same direction for all j. If the yields rise, the par value bond’s yield to 
maturity, r(m,t), goes up leading to a higher i,,(m,t) and therefore a positive 
coupon effect for a Eong swap position. However, given the inverse relationship 
between discount bond yields and prices, P(j,t)‘s fall for all j leading to a 
decrease in the compound valuation factor, Zji:],, P(j,t), and hence the 
discounting efict of an across the board yield increase on a long position is 
negative. While it may appear from FQ. (1) that the net effect is equivocal, Eqs 
(1 a) and (1 b) make it clear.” 

Remark 4: For shifts in the term structure, the coupon effect dominates and 
an upward (downward) shift in the term structure increases (decreases) the 
market value of a long swap position. 

Intuitively, this is because the yield to maturity on a par value coupon bond 
changes by more than the yield to maturity on just the coupon stream, given a 
shift in the term structure. This can be seen in the definition of 
r(m,t) =2[1 - P(m,t)]/[Xji=,,,,, P(j,t)]. As discount bond prices fall due to an 
upward shift in the term structure, the numerator contributes additionally to the 
increase of r(m,t) and hence to a stronger coupon effect. 

Remark 5: The coupon effect and the discounting effect of a term structure 
shift on the market value of a short swap position are in the same direction. 



The Market Value and Dynamic Interest Rate Risk of Swaps 21 I 

Equations (Z), (2a), and (2b) help explain the above remark. 
While Remarks 2, 3, 4, and 5 above prevail in the context of the one-factor 

CIR model, they are in fact model independent. It is a characteristic of the one- 
factor CIR model that shifts in the term structure are synonymous with spot rate 
changes.” 

If we plot the market value of an existing long swap position, LS(m,t), as a 
function of the spot rate, r(t), the steepness or slope of the function will indicate 
the magnitude of the effect of a spot rate change. A key determinant of the 
magnitude of the spot rate effect is the swap position’s time to maturity, m. To 
illustrate this matter, we plot in Fig. 1, the value of an existing long swap 
position as a function of the spot rate for three different swap maturities, m = I 
(0.5 years), 8 (4.0 years), and 14 (7.0 years). The assumed values of the other 
parameters are: K = 0.1, 6=0.04, h=O.O, rr2=0.0025, i,,=O.O5, and 
d,,(m,l)=0.0012 form= 1, 8, and 14. 

Figure 1 shows that the function gets steeper as the swap maturity gets 
longer, that is the spot rate effect is stronger for longer maturity swaps.” This 
is because the positive coupon effect of a spot rate increase is much more 
dominant relative to the negative discounting tzfSect for longer maturity Enng 
swap positions (with the same original fixed rate). The net effect can be seen 

a 1 

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11 

r(t): spot - 

Ei’g. I. The market value, .LS(m,r), of an existing lnng swap position with a notional 
principal of $100 and maturity m at time t, as a function of the spot rate, r(f). The 
parameter values assumed are: ~=0.10, 0 =0.04, h = 0.0, u ~0.05, i,,=O.O5, and 

d,(m,t) = d,, = 0.00 12. 
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clearly in equations (1 a) and (1 b). The price of the reference coupon bond with 
a constant (unrelated to the spot rate) coupon is more responsive to the spot rate 
(or pau value coupon bond’s yield) for a longer maturity. This results in a 
greater responsiveness for longer maturity existing lung positions. 

We now state the spot rate effect for short swap positions without a proof. 

Proposition 4: 
4A: The market value of an existing short position, SS(m,t), is a decreasing 
convex function of the spot rate, r(t). 

4B: The steepness effect of swap maturity is similar to the case of a long 
position. In other words, longer maturity short swap positions are more 
responsive to spot rate changes than shorter maturity short swap positions. 

2.3. ~Yffect of Swap Maturity 

While we have mentioned the influence of the swap’s time to maturity on the 
spot rate effect, we should now look into the maturity effect by itself. To do so, 
we shall first describe the stochastic processes for the reference coupon 
bonds. 

Following Cox, Ingersoll and Ross (1979, 1985), it can be shown that the 
price, B(r,r), of a default-free bond with a coupon stream C(T), continuous or 
discrete, with time to maturity 7, follows the dynamics: 

dE(r,T) = [a(r,T) B(r,7) - C(T)]& + 8(r,7) B(r,;7) dz (7) 

where ol(r,T)B(r,T) - C(7) is the drift or expected instantaneous change in the 
bond price, &(r,~) is the instantaneous standard deviation of return. The 
fundamental PDE that the equilibrium bond price must follow is: 

B,=OSu”rB,.,+tc(B-r)B,-(d(r,~)+XrB,-C(T)) (8) 

In the one-factor CIR model, the maturity derivative for a discount bond 
(C(r) = O.O), Pr(j,t), is negative. For a coupon bond, however, the sign of the 
maturity derivative depends on the parameter combination, especially on r, h, 
and C(T). 

For a given coupon rate, in general we would expect the (signed) maturity 
derivative of a coupon bond to decrease with the spot rate and to be positive 
(negative) for smalI (large) values of the spot rate. Thus, as the swap maturity, 
m, gets longer, we would expect the reference coupon bond values, BL(m,t) and 
B,(m,t), to become larger (smaller) at low (high) levels of the spot rate, r(t).*” 
Hence, according to Eq. (la), we would expect the market value of existing 
long swap position, LS(m,f), to be higher (lower) for longer maturity swaps at 



high (low) levels of the spot rate. The market value of existing short swap 
position, SS(m,t), would tend to be Iower (higher) for longer maturity swaps at 
high (low) levels ol the spot rate. 

The above pattern for fang swap positions can be observed in Fig. I. When 
h = 0.0, the benchmark for high or low levels of r(l) is roughly the annual 
coupon rate on the reference coupon bond, i,, - d,(m,t). Thus, roughly at spot 
rates below (above) S%, we see a longer maturity long swap position to have 
a relatively lower (higher) value. This maturity effect can be seen more clearly 
in Fig. 2 where we plot the market values of Ioni: swap positions against swap 
maturity (ranging from 6 months to 10 years) for three alternative levels (l%, 
4% 10.5%) of the spot rate. 

The above swap maturity effect implies, in general, that ~~&XVKVX~J 
(crut-c$the-money) long (shart) swap positions will tend to decline (inc~rww) 
in market value as they approach maturity. The opposite is true for nut- 
r$rhe+non~~~ (in-the-manep) long (short) swap positions. This general type of 
swap maturity effect is similar to that usually found for the coupon bonds that 
sell at discount or premium from their par value. An in-the-money (out-of-the- 
money) swap position is like a premium (discount) coupon bond, as is evident 
from Eqs (la) and (2a). The intuitive reason behind this usual maturity effect 
is simple, it is namely the gravitational pull toward the terminal boundary 
condition: bonds or swaps selling below or above JMN before maturity will have 
to sell at par at maturity. 

It should be mentioned, however, that while the above pattern of maturity 
effect is usually the case, it is by no means universal. It is possible to have a 
non-monotonic relationship between swap maturity and the market value of an 
existing swap position. See, for example, the 1% spot rate curve in Fig. 3 and 
the 10.5% spot rate curve in Fig. 4. The only assumption that is different 
between these two figures and Fig. 2 is that relating to the value of the risk 
premium parameter, h. Similar examples can be constructed by varying the 
other general equilibrium pricing parameters, 8 and K. 

It is interesting to compare the term structure of the at-the-money swap rates 
and the market values of previously established swap positions. For this 
purpose, Ict us assutne that the CIR parameters are such that monotonic term 
structures prevail. As reported by Sundaresan (199 1, p. 424), when the spot rate 
is low (high) and the term structure of zero coupon bond rates is upward 
(downward) sloping, the term-structure of at-the-money swap rates is also 
upward (downward) sloping. This might suggest that when the spot rate is low, 
the term structure of market values of previously established lnrtg swap 
positions (with a common original fixed rate) is upward sloping as well. [This 
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Fig. 3. The market value, .LS(m,t), of an existing long swap position with a notional 
principal of $100, at time t, as a function of the swap maturity, pn, for alternative levels 
of the spot rate, r(t). The parameter values assumed are: K=O,~O, 0=0.04, h= ~ 0.3, 

a=0.0.5, i,,=O.O5, andd,(m,t)=d,,=O.OOlZ. 

is because the dealer has to pay a higher fixed rate for a new at-the-money swap 
as the maturity gets longer.] 

As we have discussed above (Figs 1 and 2), the term structure of the market 
values of long swap positions is in fact downward sloping when the spot rate 
is low. While it is true that the new at-the-money fixed rates increase with swap 
maturity, all these rates are still lower than the original fixed rate of the swaps. 
Thus previously established long swaps are still at a disadvantage to the new 
ones and this advantage is protracted over a longer time span for a longer swap 
maturity. 

Sundaresan’s (1991) findings and our findings regarding the effects of the 
term structure of interest rates on the term structures of new at-the-money rates 
and the market values of existing swap positions are summarized below in the 
following remark. 
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m: Swap Maturity (Number of Semi-Annual Periods) 

Fig. 4. The market value, L.&Q, of an existing long swap position with a notional 
principal of $100, at time t, as a function of the swap maturity, m, for alternative levels 
of the spot rate, r(t). The parameter values assumed are: K =O.lO, 0 = 0.04, A =0.2, 

cr=O.O5, i,,=O.OS, and d,,(na,r)=d,>=0.0012. 

Remurk 6: Assume that the existing swap positions have a common original 
fixed rate, i,,, and that the swap dealer’s spreads, d,(m,t) and d,(m,t), are 
constant. 

6A: In the one-factor CIR model, when the spot rate, r, is low and thus the 
term structure of interest rates of zero coupon bonds, R(j,t), is upward 
sloping, in general: 

(i) the term structures of new at-the-money swap rates, i/,(m,r) and i,(m,t), 
are upward sloping (Sundaresan);” 

(ii) the term structure of the market values of existing long swap, LS(m,t), 
positions is downward sloping; 

(iii) the term structure of the market values of existing short swap, SS(m,t), 
positions is upward sloping. 
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68: In the one-factor CTR model, when the spot rate, I-, is high and thus the 
term structure of interest rates of zero coupon bonds, R(j,t), is downward 
sloping, in general: 

(i) the term structures of new at-the-money swap rates, i,,(m,t) and i,,(m,t), 
are downward sloping (Sundaresan); 

(ii) the term structure of the market values of existing long swap, LS(m,t), 
positions is upward sloping; 

(iii) the term structure of the market values of existing short swap, SS(m,t), 
positions is downward sloping. 

6C: In the one-factor CIR model, depending on the model parameters, it is 
possible to have non-monotonic term structures of the market values, LS(m,t) 
and XY(pn,t), of existing swap positions even when the term structure of 
interest rates on zero coupon bonds, R(j,t), and thus the term structure of 
new at-the-money rates, i,(m,t) and i,,(m,t), are monotonic in maturity. 

2.4. effects of Other CIR Model Parurneters 

The effects of the parameters, h, K, and 8, on the current market value of an 
existing swap position can be derived using their effects on the discount bond 
prices. Table 1 provides a summary of these effects along with the effects of the 
spot rate and the swap maturity. 

Table 2. Summary of the Swap Valuation Effects of the Spot Rate, the Time 
to Maturity of the Swap, and the Parameters of the One-factor General 

Equilibrium Term Structure Model of Cox, Ingersoll and Ross (1985). 

Parameter Effect on long swap value: Effect on short swap value: 

First Second First Second 
Derivative Derivative Derivative Derivative 

r(r) +* -* + 

n, - (in-the-money)** .- (in-the-money)** 
+ (out-of-the-money) + (out-of-the-mr)ncy) 

x - + + 

K i- r(r)<+3 - + 
+ r(r)>H + 

0 + + 

+ The magnitude is higher for longer maturity. 
** In general, but not always. 
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3, DYNAMIC INTEREST RATE RISK OF SWAP 
POSITIONS 

Credit risk and interest rate are the two major types of risk inherent in an 
interest rate swap position. This section provides a detailed examination of the 
interest rate risk of existing swap positions. 

The unanticipated or stochastic variations in the market interest rates leading 
to variations in the value of a swap position are at the source of the interest rate 
risk of a swap position. In the following, we derive a dynamic measure of 
interest rate risk for existing swap positions using the framework of Cox, 
Ingersoll and Ross (1979). The behavior of this risk measure as it relates to the 
spot rate and swap maturity is then examined. 

3.1. Dynamic Measure of Interest Rate Risk 

The square root of the diffusion coefficient of a bond (with or without coupon) 
is proportional to the square root of the diffusion coefficient of the spot rate, 
a$-: 

d(r,~) = 1 B,/B 1 (r/r (9) 

The proportionality factor, ) B,./B 1, is called the relative variation of the bond. 
As pointed out by Cox, Ingersoll and Ross (1979), this is the correct metric of 
risk in a stochastic interest rate environment. The stochastic duration of a 
coupon bond is defined as the time to maturity of a zero coupon bond that has 
the same relative variation (and thus the same diffusion coefficient). 

In the one-factor CIR model, the relative variation of a zero coupon bond is 
given as a function of its time to maturity, j: 

I P,(j,tVU,t) I = H(j4 = W=p(rj 1 - 114 (Y + K + M(exp(rj ) - 1) + 2~ I (10) 

where y = ,i { (K + X)’ + 2u ‘} . From ELq. (1 b) or (2b), if we calculate the relative 
variation of a coupon bond to be X, then the stochastic duration at time t, 
SD(t), of the coupon bond can be found by inverting Eq. (10): 

SD(t)=H-‘(X)=ln [I +{2yX/(2 -pX)}]ly (11) 
where p = y + K + A. In other words, SD(t) is that value ofj for which H(j,r) =X. 
The stochastic duration of a zero coupon bond is thus its maturity by 
definition. 

Proposition 5: 
In the one-factor CIR model, the stochastic duration at time t of the long and 
the short swap positions are respectively: 
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SL’,,y(t) = H ‘(RV,,& = In [ 1 + [ 2yRV,J(2 - p RV,,)}]Iy (12) 

SD,,(t) = H- ‘(Ws,)=ln I1 + { 2yRV.7.5/(2 -p Rl’,,)}]/y (13) 

where RV, 1 represents the corresponding relative variation: 

RV,,, = 1 &/W~,T) I= 1 B,.., 4 1 - Bf.(r,7) 1 (14) 

RV,,= ( SS, /SS(r,T) I= 1 B,s,, l(B,(r,T) - 1) 1 (15) 

Prt,r$ For notational convenience, let us normalize the notional principal of a 
swap position to one dollar. The stochastic differential of the market value of 
a ions swap position is as follows (dropping the swap maturity and time 
subscripts): 

d(LS) = I- a,(r,T)LS + C, (T)] dt + 6,,(r,~) LS dz (16) 

where ~,lr,~=r+(X~~~,,~/B,.(r,7)), and the square root of the diffusion 
coefficient of the swap value is proportional to the square root of the spot rate’s 
diffusion coefficient, uJr: 

6,,(r,7) = 1 LS,.ILS(r,T) 1 crd’r = 1 R,,,,l( 1 - B,( r,7) 1 U<I. (17) 

The proportionality factor in Eq. (17) is the reZutive variation of the long swap 
position in Eq. (14). Using the corresponding relative variation as X in Eq. (1 I ) 
results in Eq. (12). A similar proof applies to the short position’s stochastic 
duration in Eq. (13). 

Several points should be noted about the relative variation and the stochastic, 
duration measures of interest rate risk for swap positions. First, the relative 
variation measures are not defined if the swap positions are exactly at-thc- 
money (reference coupon bonds are uf par). This, however, does not mean that 
the risk of a swap position that is close to being ut-the-money is negligible. As 
we shall discuss shortly, our simulations show that the reiativr variation of 
swaps that are close to being at-the-money are distinctively and substantially 
larger. Thus, in a cross-sectional comparison and for hedging or other risk 
management purposes, the exactly at-the-money swap positions can he 
classified in the riskiest category.” 

Second, for a given combination of h, K, 0, and CT, there is a maximum value, 
X,,,*,, (X,K,~,U) of PeEat& variation for which the stochastic duration measure 
is meaningful.” There is no guarantee that the relative vurintion of swap 
positions will be bounded by this ceiling. There are two ways this problem can 
be handled. One way is to calculate the stochastic duration measures using the 
following slightly modified versions of Eqs (12) and (13): 

SL&(t) = H ’ (n, J = A In [ 1 + { 2y w, ?(I)/( 2 - p P-v~,,)-) ) l/r (18) 
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~~.dt)=H~ ‘(ws,) =A In [ 1 + {2y rvss(t)/{2 - p rvSS)}]/~ (19) 

where ww =X,,, (h,~,O,w) WL,4U), ~~~~~~~~~~ (h,~,O,a 1 (Ws5,dll), U is an 

arbitrary large number, and A is a scaling factor for suitable presentation of the 
stochastic duration measures.“’ 

The use of Eqs (18) and (19) leaves the cross-sectional ranking of the 
dynamic risk of swap positions in tact. Hence Eqs (18) and (19) can be used 
without any qualification for comparisons dealing with swaps alone. The 
stochastic duration measures from these equations cannot, however, be used 
meaningfulIy for a comparison of swap positions to other interest rate 
contingent claims including the zero coupon bonds. This is because the 
stochastic duration values from Eqs (18) and (19) do not any more mean that 
the swap positions have rhe same degree of interest rate risk as the zero coupon 
bonds of maturity equal to the calculated stochastic duration values. 

In a situation where the interest rate risks of swap positions are to be 
compared against other interest rate contingent claims, an alternative will be to 
simply compare the unadjusted relative variatdan measures from Eqs (14) and 
(15) for swaps and the relative variafioa measures of other claims. After all, 
relative variation is the proper metric of relative risk, its monotonic 
transformation, the stochastic duration measure, is merely intended to 
represent the riskiness in time units. 

Third, since the stochastic duration measure is a positive monotonic 
transformation of the relative variation measure, the direction of effect of the 
various parameters or variables of interest on the stochastic duration or interest 
rate risk can be observed from the relative variation measure. 

3.2. The Behavior of Relative Variation and Stnchastic Duration 

In this subsection, we first compare the dynamic interest rate risk of an existing 
swap position to that of the reference coupon bond. The effects of the spot rate 
and the swap maturity on the dynamic interest rate risk of an existing swap 
position are then discussed. For the sake of brevity, we lim it our discussion to 
the case of an existing long swap position. 

3.2.1. Long Swap Position vs. Reference Coupon Bond 
To recollect, the reference coupon bond’s maturity is the same as the swap’s 
remaining time to maturity and its coupon rate (paid semiannually) is equal to 
the swap’s original fixed rate less the swap bid spread. 



The Market Value and Dynamic Interest Rute Risk nf’ Swaps 22i 

Remark 7: The interest rate risk of a swap position is substantially greater 
than that of the corresponding reference coupon bond. 

This can be seen from a comparison of the respective relative variations. Table 
2 presents the percentage changes in the market values of the long swap and the 
corresponding reference coupon bond for a change of 10 basis points in the 
spot rate for swap maturities ranging from 6 months to 10 years and for initial 
spot rate varying from 1% to 10%. To highlight the effect of interest rate 
uncertainty, h = 0.0 is assumed in Table 2. 

Table 2 results clearly indicate how volatile the plain vanilla swap positions 
are compared to the coupon bonds. The relative variation of a swap position is 
at least a few times greater than that of the reference coupon bond across all 
initial spot rate situations and all maturities. Even a very short maturity, say 1 
year, swap position is much more volatile than a 10 year coupon bond. 

Remark 8: Variations in the interest rate risk across different interest rate 
environments and maturities are greater for a swap than the reference coupon 
bond. 

Table 2 results substantiate this remark. A distinct risk characteristic of swap 
positions compared to their coupon bond counterparts is that a spot rate change 
leads to a change in the annuity level (incremental cashflow). As we noted 
earlier in this paper, this cashflow effect is quite dominant. 

3.2.2. Spot Rate und Long Swap’s Rela!ive Variation 
Let us now examine the nature of relationship between the spot rate, r, and the 
relative variafion, RV,,+ of an existing lnng swap position. Differentiating RV,,5 
with respect to r and rearranging, we find that the direction of the relationship 
depends on: 

DIFF,.= (I Ls, 1 ,.I / Ls, 1) - (I Ls 1 ,’ 1 Ls 1) 

This is the difference between the proportionate or relative change in the 
absolute first partial of the long swap value and the relative change in the 
absolute value of the long swap. The relative changes in question depend on the 
level of the spot rate and the swap maturity in a complicated fashion. 

Figure 5 presents the DIFF, for a 50 basis point change in the spot rate and 
the adjusted stochastic duration, H- ‘(rv,,J,” of a long swap position as a 
function of the spot rate for three swap maturities (1 year, 5 year, and 10 year). 
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Fig. 5. The adjusted stochastic duration of an existing long swap position with a 
notional principal of $100, at time t, and the relative change in the absolute value of the 
first partial (with respect to the spot rate) of long swap value minus the relative change 
in the absolute value of long swap, both as a function of the spot rate, r(t), for alternative 
levels of the swap maturity, m. The relative changes are for a change of 0.005 in the spot 
rate, r(r). The parameter values assumed are: K =O. 10, 8 =0.04, h = 0.0, u =0,05, 

i,,= 0.05, and d,,(m,t) =d,, = 0.0012. 

The stochastic durutinn increases (declines) as the spot rate goes up when 
LUFF, is positive (negative). Roughly speaking, DIFF, is positive (negative) 
when the long swap is out-of-the-money (in-the-money). This leads us to the 
following remark. 
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Remark 9: 
9A: The interest rate risk of an existing long swap position is an increasing 
function of the spot rate for out-of-the-money swaps and is a decreasing 
function of the spot rate for in-the-money swaps. 
9B: Swaps that are close to being at-the-money carry the greatest interest 
rate risk. 

The above pattern of a swap position’s interest rate risk is primarily driven by 
the relative change in the nhsolute value of the long swap. While the value of 
the long swap is monotonic increasing in the spot rate, its uhsnlure value is not. 
Also, the absolute value of the swap has a kink at exactly the at-the-monq 
point. However, the behavior of risk in Remark 9 cannot attributed to this kink 
as the said pattern emerges long before the exactly ut-rhc-money point is 
reached. 

An important implication of the risk pattern in Figure 5 is offered in the 
following remark. 

Remark /0: Swaps that are out-of-the-money or in-the-money by the same 
amount have similar interest rate risks. 

This contrasts with the commonly held view among regulators and practitio- 
ners that the holder of an in-the-money swap has more to lose. This view is 
usually based on the notion that the interest rate movements that have proved 
to be favorable to one side of the swap mean potential distress for the other side 
of the swap and hence an increased possibility of default by the latter party. Our 
analysis shows that too much emphasis on the default risk of existing swaps 
may seriously distort the relative market or interest rate risk of swaps. 

3.2.3. Swup Muturity and Long Swup ‘s Relutive Variation 
Differentiating RV,,, with respect to m (or T) and rearranging, we find that the 
direction of the relationship between swap maturity and its market risk depends 
on: 

This is the difference between the relative change in the absolute first partial 
(with respect to the spot rate) of the long swap value and the relative change in 
the absolute value of the long swap, both relative changes occurring as the 
swap maturity increases. 

Figure 6 presents the DIFF,,, for a 0.5 year or 6 month change in the swap 
maturity and the adjusted stochusric duration, H ‘(t-v&is of CI long swap 
position as a function of the swap maturity for three spot rate levels (I %, 4%, 
and 10.5%). The risk structure is markedly different across the three spot rate 
levels. 
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Fig. 6. The adjusted stochastic duration of an existing Eong swap position with a 
notional principal of $100, at time I, and the relative change in the absolute value of the 
first partial (with respect to the spot rate) of long swap value minus the relative change 
in the absolute value of long swap, both as a function of the swap maturity, m, for 
alternative levels of the spot rate, r(t). The relative changes are for a change of 0.5 year 
in the swap maturity, m. The parameter values assumed are: K = 0.10, 0 = 0.04, h = 0.0, 
cr=O.O5, i,,=O.O5, andd,(m,t)=d,=0.0012. In the top panel, the r=O.Ol series is scaled 
to [(IOxAdj~sted Stochasric Duration) - 1 I]*50 and the r=0.105 series is scaled to 
[( 10 x Adjusted Stochastic Durutinn) - 7]*50. In the bottom panel, the r = 0.01 series is 
scaled to [BXXI x Dl;fSerence in Relative Change]*8 and the I = 0.105 series is scaled to 

[1000x D~tjcerence in Rehtive Change]*3. 
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At the 1% level of the spot rate, DIFF,, is positive for swaps up to 3.5 year 
maturity and the interest rate risk increases with maturity over this range. Four 
year and longer maturity swaps have a negative DIFF,, and the interest rate risk 
declines with maturity over this range. The minimum risk swap’s maturity is 
somewhere between 3.5 and 4 years.jh At 4% level of the spot rate, the interest 
rate risk is monotonically decreasing in swap maturity. When the spot rate is 
quite high at lOS%, a situation opposite to that of the low spot rate obtains. 
Now, DIFF,,, is negative for swaps up to 6.0 year maturity and the interest rate 
risk decreases with maturity over this range. Six and a half year and longer 
maturity swaps have a positive DZFF,,, and the interest rate risk increases with 
maturity over this range. The minimum risk swap’s maturity is somewhere 
between 6.0 and 6.5 years. 

A key factor behind the reciprocal interest rate risk structures in low and high 
interest rate environments is that the first partial with respect to the spot rate is 
relatively high when the spot rate is low and then gets smaller with higher spot 
rates. 

The next remark points out some key insights about the market risk structure 
of swap positions. 

Remnrk 1 I: 
IIA: Longer maturity swaps are not necessarily riskier than shorter maturity 
swaps with identical fixed rates. The market risk structure of swaps depends 
critically on the current level of the spot rate. 
1 IB: As the spot rate (and hence the term structure) evolves stochastically, 
the interest rate or market risk structure of different maturity swaps may 
completely reverse itself. 

Remark 11 underscores the distinction between swaps and bonds as well as the 
need for dynamic measurement of the market risk of swaps. Sundaresan 
suggests the relative variation (equivalently, stochastic duration) measure of 
Cox, Ingersoll and Ross (1979) to determine the dynamic interest rate risk of 
the floating rate bond used in pricing an at-the-money swap. While this may be 
a relevant magnitude, as we have seen the interest rate risk of a swap position 
differs in essential ways from that of a floating rate bond. 

4. THE EFFECT OF CREDIT RISK 

We have not dealt with credit risk of swaps so far in this paper. Recent studies 
(e.g. Duffie & Huang, 1996; Li, 1996) suggest that the credit risk sensitivity of 
the at-the-money swap prices is quite modest. This is in conformity with the 
secondary market swap practices where most counterparties are of low credit 
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risk and swap quotations are not conditioned on the credit risk of the 
counterparties. One may, however, wonder what bearings, if any, credit risk 
may have on the market risk of existing swap positions. We are unable to find 
discussions on this matter in the literature. In what follows, we briefly explore 
how credit risk might affect market risk and vice versa. A more detailed 
investigation of this matter is deferred for future research. 

In Section 1, the market value of an existing swap position was determined 
assuming that the incremental cashflows to the dealer are certain and 
accordingly used the default-free discount factors, P(j,t)‘s, to value these 
cashBows. We also assumed (Assumption A2) that any effect of credit risk is 
already embodied in the dealer’s spread quotation which we take as given. 
These assumptions preclude any bearing that credit risk may have market risk 
and vice versa. 

Fortunately, under certain assumptions about credit risk pricing, the default- 
free framework of our paper can be largely retained to accommodate credit risk 
of swaps. These assumptions are basically those made by Duffie and Singleton 
(1997):“’ (a) default risk is exogenous, i.e. does not depend on the swap value; 
(b) default risk leads to a stochastic credit spread, sL or s,~ in the short rate for 
the counterparties over the risk-free short rate, r; this leads to default-adjusted 
short rate processes, R, = r + s,, or R,= r + sg for the counterparties; (c) credit 
qualities of the counterparties do not change substantially during the life of the 
swap; (d) credit qualities of the counterparties are similar enough for both to be 
rated the same as that of a LIBOR borrower; thus a single set of default- 
adjusted discount factors, L(j,t)‘s, based on the LTBOR rates can be used; and 
(e) the credit spread, s, follows a mean-reverting square root process: 

ds(t) = K,s (0, - s(t)) dt + c+(t) dz,s cw 

where dz, is one-dimensional Wiener process that is independent of the process 
dz which drives the spot rate, r. 

The default-risk adjusted term structure of discount bond prices is then given 
by: 

Uj,t)= W A  p(j41 (21) 

where 

and 

P W  = 4.d W  - 4WW)l (22) 

a(j,t) = [2y, exp((y,+ Ks+h.&/2}/{ (ys+ K,y-+ h,&(exp(y,$) - 1) -c 2ys)12K~u~‘%  

W M  = 2(exp(y.sj 1 - 110 (ys + K.~ + W(exp(rJ) - 1) + by 1, 
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Notice that the default-risky discount bond prices, L(j,r), result from adjusting 
the default-free prices, P(j,t), downwards by the risk adjustment term structure, 
p(j,t). By our assumption of independent sources of uncertainty for the spot 
rate and the credit spread, p(j,t)‘s are not functions of the spot rate. This 
simplifies the analysis of market risk while effectively establishing a two-factor 
CIR model. 

P ropnsizion 6: In the two-factor CIR model, where the risk-free rate r(t) and 
the credit spread s(t) are the two independent factors, the market value of an 
existing long position, U(W), is: 

LS(m,t) = w [ 1 - S,,(m,t)] Wa), 

where 

The market value of an existing short position, SS(m,r), is: 

SS(m,t) = w [B,(m,t) - l] 

where 

Wah 

f?sh~)=wv) + [(i,, - 4 1,111, dem21 [ 1 c WA (24bj. 
,= I.111 

ProoJi The swap midrate or the at-the-money rate without dealer’s market 
making spreads is now determined as: r.,(m,t) = 2 [I - L(m,t)]l [Z,= ,,,,,L(j,t)], the 
bond-equivalent annual yield to maturity (BEY) on the m-maturity par value 
LIBOR quality coupon bond at time t. Entering the market-making spreads of 
the dealer, the bid and ask prices of lhe dealer are now expressed as: 
&(m,t) = r,&m,t) ~ d ,,,,,,, ,,(m,t), and i,,(m,t) = r,(m,t) +d,,,,,Jm,r). Substituting these 
in Eqs (1) and (2) respectively and using L(j,r)‘s instead of P(,j,t)‘s to discount 
the cashflows result in the above formulas. 

Remark 12: The introduction of credit risk in a CIR framework increases 
(decreases) the market value of an existing long (short) position. 

The default-risky discount bond prices are uniformly lower with credit risk 
which of course increases the at-the-money midrate offered by the dealer. For 
a given original fixed rate, this reduces the reference coupon bond prices which 
leads to our remark above. It is, however, likely that the original fixed rate itself 
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is higher with credit risk. To what extent this will negate the value changes 
depends on the evolution of the two term structures, P(j,r) and p(j,t), since the 
inception of the swap. 

Even though the two term structures, P(j,t) and p(j,r), are assumed to be 
driven by independent uncertainties, their marginal impacts on the default-risky 
discount factors, coupon bond values, and swap values are not independent. For 
example, when the spot rate r increases, holding the short credit spread s at the 
current level, by how much the long swap value LS(m,r) goes up now depends 
on the prevailing risk-adjustment term structure, p(j,t). Along the same line, it 
is difficult to determine a priori how the (relative variation and) interest rate risk 
of swaps will be affected by the introduction of credit risk. Note also that the 
relative variation with respect to the credit spread will in turn be affected by the 
prevailing default-free term structure. 

It is interesting to observe that in the presence of credit risk, there are in fact 
two sources of market risk for swap positions: (a) interest rate risk or market 
value fluctuations driven by unanticipated changes in the default-free term 
structure; and (b) credit spread risk or market value fluctuations induced by 
stochastic evolution of the term structure of default risk premium. While some 
researchers (e.g. Duffie & Huang, 1996) have modeled the dependence of 
credit risk on the market value of swap, the dependence of market risk 
(variance of market value) on the credit spread remains to be explored. From 
our brief encounter above, it seems that insightful patterns of interaction 
between the interest rate risk and credit spread risk may emerge from a detailed 
examination of these matters. Given the scope of the subject matter, it is 
deferred for future research. 

5. CONCLUSIONS 

In this paper we build upon Sundaresan’s (1991) work to model the marked to 
market values of the two counterparties’ positions in a previously established 
plain vanilla swap. These values are shown to be functions of swap-specific 
factors that include the relative sizes and the different remaining maturities of 
the swap contracts, the original fixed interest rates, and the current market 
prices for the par value swaps with the same maturities. Using the general 
equilibrium term structure model of Cox, Ingersoll and Ross (1985) and 
following Cox, Ingersoll and Ross (1979), we have also shown how to measure 
the interest rate or market risk of an existing swap position. This risk measure 
is dynamic in the sense that it changes over time as a function of the stochastic 
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evolution of the spot rate and the term structure of interest rates. It should thus 
be useful in managing interest rate exposure using swaps and swap related 
derivatives.” 

Our models of market value and interest rate risk are mutually consistent and 
thus offer a unified framework for a value cum risk occnunfing method for 
swaps. This framework is also general enough to be applicable to other 
functionally equivalent transactions of a firm. The valuation and risk 
measurement framework of this paper should thus help the development of a 
more effective reporting and regulatory system for derivatives transactions as 
suggested by Merton and Bodie (1995). Our framework can also be useful in 
secondary market swap managementi’ 

The market value and risk of interest rate swaps are intimately linked to 
those magnitudes for Treasury securities as indicated by the market convention 
of quoting the swap prices as spreads over the corresponding maturity Treasury 
yields. However, our analysis indicates important differences between the 
values and the interest rate risks of bonds and existing swap positions. The 
value of a swap position is shown to be the discount or premium, as the case 
may be, from the face value (equal to the notional principal of swap) of a 
reference coupon bond. Thus, the swap positions behave like the discount or 
premium rather than the price itself of a coupon bond. The importance of this 
difference is clearly visible in the behavior of the interest rate risk. 

The simulation results of this paper show that the interest rate risk of a swap 
position is substantially greater than that of the same maturity coupon bond. 
Swap positions that are closer to being at-the-money seem to carry the greatest 
interest rate risk. The interest rate risk diminishes as the swap position becomes 
either deeper out-of-the-money or deeper in-the-money. Unlike coupon bonds 
and contrary to our initial perceptions, we find that the shorter maturity swaps 
can often exhibit greater volatility to unanticipated interest rate variations than 
the longer maturity ones. Thus, as noted by Litzenberger (1992, p. 831), indeed 
‘L . there is more to these plain vanilla swaps than first meets the eye.” 

Much work remains to be done in this area. The sensitivity of the results that 
rely upon the one-factor CIR model need to be looked into under alternative 
term structure assumptions4” under credit risk, or perhaps using new risk 
measurement procedures (e.g. Bierwag, 1996; Wu, 1996). Analyses of more 
complex swaps, e.g. differential swaps, amortizing swaps, etc., and swap 
derivatives are expected to reveal more intricacies and perhaps surprises in 
terms of their relationship to bonds. Given data availability, this paper’s 
predictions regarding the market value and risk of existing swap positions may 
also he empirically tested. 
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NOTES 

I, At the end of 2001, the notional outstanding amounts of interest rate swaps and 
others were $49.2 trillion. Source: ISDA; also see Risk, 8(7), July 1995. 

2. See Gorton and Rosen (1995). 
3. See Loeys (1985), Bicksler and Chen (1986), Smith, Smithson and Wakeman 

(1986), Turnbull (1987), Arak, Estrella, Goodman and Silver (198X), Wall (19X9), 
Litzenberger (1992), Titman (1992) and Rendleman (1993) for discussions of 
motivation for interest rate swaps and their applications in hedging interest rate risk and 
in asset/liability management. See Sun, Sundaresan and Wang (1993), Brown, Harlow 
and Smith (1994), Chen and Selender (I 995), and Minton (1997) for the empirical 
determinants and behavior of swap spreads. 

4. If the market value of the banks’ swap positions were, say, $200 billion (IO% of 
$2 trillion notional), it will mean a liability of $200 bilhon for the banks if the market 
situation has moved in an adverse fashion for the banks. A meager 5% fall in the value 
of these swaps will drain the banks’ market value equity by $10 billion. 

5, Duffie and Huang (1996), Li (1996), Sun and Wang (1996), Cooper and Mello 
(1991), and Hull (1989), among others, analyze the effect of credit risk on swap 
pricing. 

6. There is a growing practice in the industry of marking to market the existing 
swap positions. Other than Litzenberger (1992), we are not aware of any rigorous 
discussion about the theoretical basis of the industry practice. Litzenberger, however, 
emphasizes the role of the unique treatment of swaps under default events in explaining 
why the industry practice is not sensitive to credit risk and why swap spreads show 
relatively low cyclical variability. Duffie and Huang (1996, p. 934) shows that the 
netting of fixed against floating payments significantly reduces the impact of credit risk 
on swap rates relative to bond yields. 

7. The CIR model has been used in several papers on swap pricing, e.g. Sundaresan 
(I 991), Grinblatt (1995), Duffie and Huang (1996), and Li (I 996). 

8. See also Jarrow and Turnbull (1996), pp. 434-439. 
9. We ignore the lag between the payment dates and the reset dates as an issue. 

Sundaresan (1991) does not find the lag length as an important determinant of swap 
prices. 

IO. Sundaresan (1991) suggests the CIR stochastic duration measure for the Boating 
rate bond used in pricing an at-the-money swap. Li (1996) provides an excellent 
discussion of how swaps differ in essential ways from a portfolio of long position in a 
fixed rate bond and short position in a floating rate bond or vice versa. However, his 
analysis emphasizes the role of differential credit risk and does not entertain the market 
or interest rate risk. While in the absence of credit risk, swap cashtlows are analogous 
to the said portfolios, the market risk of existing swap positions cannot be calculated as 
the difference between the market risks of the two components of the portfolios. 

Il. The r(m,Q calculated in this manner implies absence of coupon stripping or 
synthetic coupon arbitrage opportunity. However, it is sometimes argued that the zero 
coupon bonds are less liquid than the underlying Treasury coupon bond from which the 
zeros are stripped off. Thus, according to this argument, the yield on the par v&e 
coupon bond implied by the zeros is an inaccurate (over) estimate of the coupon bond 
if it were to directly trade at par. 



The Market Value and Dynamic Interest Kate Risk of Swap 233 

12. In reality, there may be many dealers making market in a given type of swap and 
their bid and ask quotations may vary albeit by small amounts. For our analysis, the 
dealer is taken to be an average dealer. 

13. See Sundaresan (199 I) for the general case where the frequencies are different. 
14. We ignore the difference in day conventions used for calculating interest 

payments for the two sides of the swap. 
15. Grinblatt ( 1995) finds liquidity advantage of treasury bonds as a more plausible 

explanation of swap spreads than credit risk. Duffie and Singleton (1997) use default- 
and liquidity-adjusted zero coupwn bond prices in determining the at-the-money fixed 
rate using a formula (their Eq. 2.4, p. 5) similar to our definition of r(/n,r). Sundaresan’s 
(1YY1, Eq. 3, p. 41X) formula for the at-par rate is also similar when the valuation date 
is a reset date for the next floating payment. Of course, we entertain the bid and ask 
spreads but ignore the modeling of credit risk and liquidity. 

It? For example, Duffie and Huang (1996) models the spread between the short-term 
default premium (over the short term LABOR) of the two counterparties as a linear 
function of the short term LIBOR rate. 

17. This is essentially the same as the ISDA Code’s “agreement value.” Somewhat 
different definitions of market value can be found in the literature. For example, Duflie 
and Huang (1995, p. 8) define market value as the price to an?> investor of a claim that 
pays off the same cashflow as the swap position of a counterparty. Our definition limits 
the investor to be a swap dealer as we are interested in marking to market the swap 
positions. In the presence of swap spreads, the value of a swap position to investors 
other than the dealer may be different. Further, we ignore credit risk which seems like 
a reasonable assumption for a dealer investor. 

18. That the market value of a swap position is the value of an annuity, namely the 
ditferential fixed coupon payments (new at-the-money fixed rate vs. the swap’s original 
fixed rate), has been noted previously. For example, see Fabozzi (199 I, pp. I 169-l 170). 
However, there the annuity is discounted at the original tixed rate which is 
questionable. 

19. Industry practice (Marshall & Bansal, 1992; Marshal & Kapner, 1993) is to mark 
swap positions to market using zero coupon swaps curve implied by par v&e or NI- 
market swaps curve. These are not, however, investible rates for the incremental 
cashflow stream. The implied rates may also vary across dealers depending on how they 
calculate the swap midrate. Further, the implied rate framework is not easily amenable 
to the calculation of dynamic market risk of swap positions. 

20. For example, one may use the default risk of the counterparty who is relatively 
more (less) out-of-the-money (in-the-money). If V,, and V, represent the values for the 
two counterparties A and B, the default risk of A is more relevant if (V,\ - max- 
[V,, V,,]} <O. Otherwise, the default risk of B is more relevant. Duffie and Huang’s 
(1096) valuation gets quite complicated even with this simple modification. 

21. See Rogers (1995) for an interesting recent review of the well known term 
structure models. 

22. Practitioners and regulators have been toiling with a similar di lemma in using 
vc~luc at risk (VAR) as a measure of market risk of involvement in derivatives (Reed, 
1995). Apparently, the VAR of an institution depends on the specific models that are 
used for valuing the derivatives. There is no uniform industry standards for such models 
and the regulators are equally reluctant to impose such standards. 
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23. The basic one-factor CIR model can be easily extended to the case of two (Cox, 
Ingersoll & Ross, 1985; Longstaff & Schwartz, 1992) or more factors (Chen & Scott, 
1993, 1995) and thus can be adapted to fit multiple points on the initial term structure 
using the approach of Hull and White (1990). See Longstaff (1993, footnote 3, p. 29) 
for the limitations of exactly fitting the whole initial term structure. 

24. The equilibrium term structure is completely specified by the equilibrium 
discount bond prices. Hence, we use the terms yield curve or discount bond prices 
interchangeably in referring to the term structure. 

25. Two well-known examples of such one-factor term structure models are Vasicek 
(1977) and Dothan (1978). This result, however, may not hold universally in a two- 
factor model. As shown by Longstaff and Schwartz (1992), in a two-factor CIR model 
where the instantaneous variance of the spot rate is the second factor, the price of longer 
maturity discount bonds may be increasing in the spot rate. 

26. In Eq. (la), the netting out of the two effects leads to a short position in the 
hypothetical coupon bond with a coupon rate that does not depend on the spot rate. 
Hence the well known decreasing convexity of a coupon bond’s price lead to increasing 
concavity of the market value of an existing long position. 

27. If term structure twists are allowed over the relevant segment of swap maturity, 
the direction of neither the coupon effect nor the discounting effect is clear. The 
direction of the net effect from Eqs (la) and (lb) or from (2a) and (2b) is not clear 
either. For a broader understanding of the effect of term structure twists, a two-factor 
term structure model (e.g. LongstafT & Schwartz, 1992) is needed. 

28. As expected, the functions are concave, although the degree of concavity is 
negligible given the assumed parameter combination. 

29. What is a low or a high level for the spot rate in this context depends on the 
parameter combination. 

30. Sundaresan (1991) has a single at-the-money rate as he does not include dealer’s 
bid-ask spreads. 

3 1. In reality, existing (previously established) swap positions will rarely be exactly 
at-the-money. So the aforementioned problem of dynamic risk measurement may not 
arise at all. In case it does, one way to handle this measurement problem will be to 
assign a small non-zero value for the swap position in calculating the r&rive variation 
measure. 

32. This point was previously noted by Chen, Park and Wei (1986). 
33. In simulations over many parameter combinations, we find reasonable values for 

l3 and A to be 100,000 and 1,000 respectively. 
34. U and A were set to 100,000 and 1,000 respectively. 
35. U and A were set to 100,000 and 1,000 respectively. 
36. By setting DIFF,,,=O.O, the minimum risk swap maturity can be found 

numerically. 
37. Sundaresan’s (1991) treatment of credit risk uses a similar set of assumptions as 

well. 
38. Kim and Koppenhaver (1992) find a positive relation between the long-term 

interest rate exposure of a bank and the likelihood and extent of swap market 
participation. 

39. Chen and Millon (1989) discuss various methods of swap management. 
40. See Rogers (1995) for a review of term structure models. Kalotay, Will iams and 

Fabozzi (1993) develop duration measure for the Black-Derman-Toy binomial term 
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structure model while Bierwag (1996) proposes a measure of duration under the Ho-Lee 
binomial term structure model. Recently, Chang and Ho (2000) have derived a duration 
measure similar to Bierwag (1996) for the Heath-Jarrow-Morton term structure model. 
The duration measure in Wu (1996), on the other hand, applies to the Vasicek and CTR 
term structure models. 

41. With the massive growth in the swap market and increased competition among 
dealers, the bid spread and the ask spread over Treasury have declined over time. The 
market-making spread (ask-bid) of the dealer has also narrowed over the years and is 
now typically less than 10 basis points. See the recent study of Brooks and tiihotra 
(1994). 

42. See Marshall and Kapner (1993) for industry practices in the swap market. 
43. For some examples, see Bautista and Mahabir (I 994) and Marshall and Kapner 

(1993, pp. 147-154). 
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APPENDIX A: 
Determination of Dealer’s Quotes on Swap Prices 

By market convention, dealer’s bid and ask prices are quoted as spreads over 
the bond equivalent asked yield to maturity, ~;,,,(m,t), of the corresponding 
maturity on-the-run (most recently issued) Treasury security: 

where d, ,.,,,, (m,t) - d ,,,,,,, (m.r) is the spread dealer hopes to make as a market 
maker.” For example, a swap dealer’s quote for 5-year (m= 10) fixed- 
for-floating swap may be like T+45 - T+4I, which means the swap dealer is 
willing to receive (pay) a fixed rate for 5 years at the current BEY on the 
5-year on-the-run Treasury note plus 45 (41) basis points against paying 
(receiving) the floating 6-month LABOR flat. If the current BEY on 5yenr 
on-the-run Treasury note, r(,,,( lO,O), is 7%, in our notation, cf,,,,,,,( lO,O) =0.0041, 
d,,,,,,,(10,0)=0.0045, i,,(lO,O)=O.O741, and i,,(10,0)=0.0745. 
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While the dealers quote their bid and ask prices as spreads over the BEY of 
on-the-run Treasury security, these prices are first arrived at by subtracting and 
adding spreads over what is called the swap midrate, r,,d(m,t): 

io(m7f) = rndmJ) +dct,nid(m7f)7 
where usually d,i.mid(m,t) =dh,mid(rra,t).42 To continue our example, the swap 
midrate, r,id(m,t), was first calculated at 7.43%, and then 2 basis points 
( = d,+,id(m,t) = d,,,id(m,t)) were subtracted and added to arrive at the quoted bid 
and ask prices of i, = 0.074 1 and t = 0.0745 respectively. 

To calculate the swap midrate, r,,,id(m,t), dealers typically employ arbitrage- 
free valuation approach. For short-dated (maturity less than 2 years) 
fixed-for-floating swaps, dealers generatIy use the forward LIBOR rates 
implied by the Eurodollar strip (strip of Eurodollar futures contracts), to 
calculate the no-arbitrage fixed rate, i.e. the swap midrate. The rationale is 
that the dealer can hedge the floating LIBOR exposure (pay or receive) by 
taking appropriate position in the Eurodollar strip. 

Whether short-dated or long-dated, dealers can also hedge their unmatched 
swap positions by taking appropriate positions in the Treasury securities, cash 
and/or futures. For example, if the dealer is paying fixed rate (S-year 
Treasury+41 bp) on $25 million in exchange for &month LIBOR flat, the 
dealer can hedge by short selling 6month T. Bills of $25 million face value and 
using the proceeds to buy 5-year Treasury. Any basis risk between T.Bill and 
Eurodollar exposures can be hedged by taking a position in TED (T. Bill over 
Eurodollar) futures. Once the match is found, the dealer can lift the hedge. 

It should also be mentioned that while LIBOR is the most popular floating 
rate index, other interest rates (e.g. T. Bill yield) are also used as the 
floating rate index in fixed-for-floating swaps. In any case, the yields, explicit 
or implied, of the hedging vehicles (cash and/or futures) relevant to dollar- 
denominated interest rate swaps are intimately related to the basic U.S. interest 
rates, namely the Treasury zero coupon yields or term structure of interest rates. 
As the term structure changes, dealer’s bid and ask prices will change 
irrespective of which specific variant of arbitrage valuation is used to set the 
swap midrate. Since we intend to analyze how market conditions affect the 
value and risk of existing swap positions, it seems reasonable to directly (rather 
than indirectly) link the bid and ask prices to the term structure of interest 
rates. 

Theoretically speaking, the swap midrate is that fixed coupon rate which 
equates the value of fixed coupon payments to the value of the floating rate 
payments. As shown by Sundaresan (1991), the latter is like the value a floating 
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rate bond net of the present value of its principal. If the difference in default 
risk premium of the two counterparties is not substantial, both sets of payments 
can be discounted using the same term structure of zero coupon rates. 
Otherwise, two separate term structures are needed to value the two sets of 
payments (Jarrow & Turnbull, 1996, p. 439). However, Duffie and Huang’s 
(1996) results indicate that: (a) the swap default spread between the two 
counterparties is small (a swap default spread of less than 1 basis point for a 
bond yield spread of 100 basis points), and (b) the swap default spread is rather 
insensitive to yield curve movements (less than 2 basis points change in swap 
default spread as the difference between the short LIBOR rate and the 5year 
LIBOR rate varies by 650 basis points). Like Sundaresan (199 I), we do not 
consider default risks for the most part of our analysis. Given Duffie and 
Huang’s (1996) results, this may not be a costly assumption. 
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ABSTRACT 

Using the duration measwes defined by Bierwag (1996), we derive the 
,formulae of duration Jar zero-coupon bonds, coupon bonds und bond 
portfmlios under the Heath, Jarrow and Morton (1990) (HJM) term 
structureJrumeulork. The advantage in using Bierwag’s duration measure 
is that it provides a one-to-one correspondence with the returns on interest 
rate sensitive securities. Hence, this duration measure can make the 
perfhmance of risk management on interest rates better We also 
investigate the differences of duration for coupon bonds between our 
formulu and the conventional Macaulay’s measure. Finally, we show that 
the pe$ormance of dynamic immunization strategy is much better than 
that of static immunization strategy. 

1. INTRODUCTION 

The management of interest rate risk needs a fundamental understanding of 
interest rate behavior, Celebrated theories of the term structure of interest rates 
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show up in Brennan and Schwartz (1979), Cox, Ingersoll and Ross (1985), Ho 
and Lee (1986), and Heath, Jarrow and Morton (1990) (hereafter known as 
HJM). Dawning with Black and Scholes (1973), the literature of contingent 
claims, for example, Ravbinovitch (1989), Amin and Jarrow (1991), etc., has 
increasingly incorporated the results of this research on the term structure. The 
duration and immunization literature has been slow to incorporate techno- 
logical advances realized in these areas, with a few exceptions (for example, 
see Cox, Ingersoll & Ross, 1979; Gagnon & Johnson, 1994). 

The performance of duration in an immunization strategy has been shown to 
rely on both the initial shape of the term structure and its later evolution. 
Macaulay’s measures are theoretically valid only for flat term structures that 
subsequently abide by parallel shifts. Fisher and Weil (197 1) developed the first 
generalized measure of duration, and since then many researchers have 
investigated alternative stochastic interest rate processes and their correspond- 
ing duration measures. Reitano (1992) showed some of the implications of 
non-parallel yield curve shifts on the effectiveness of immunization strategy. 
Recently, Kalotay, Williams and Fabozzi (1993) used the Black, Derman and 
Toy (1991) binomial interest rate model to calculate the duration measures. 
They call this the “effective duration” which is calculated as the percentage in 
a security’s price resulting from an upward or downward unit shift of the entire 
binomial interest rate lattice. 

Bierwag (1996) pointed out that the Kalotay, Williams and Fabozzi’s 
effective duration measure is not equal to the maturity of a zero-coupon bond. 
Hence, it can be used neither as immunizing duration nor as a precise hedging 
duration. To solve the above problem, Bierwag (1996) developed a measure of 
duration under the Ho-Lee binomial interest rate model that provides a one-to- 
one correspondence with the returns on interest rate sensitive securities. He 
also showed that it is possible in the Ho-Lee model to define a specific duration 
for essentially all portfolios of interest rate sensitive securities. The one-period 
return on any portfolio of securities can be explained by its duration measure, 
and every one-period hedge of interest rate risk in the Ho-Lee model can be 
specified as a duration hedge, which would be a perfect hedge if the interest 
rate follows the Ho-Lee process. 

The Ho-Lee model is an analytically tractable no-arbitrage model. It is easy 
to apply and provides an exact fit to the current term structure of interest rate. 
One disadvantage of this model is that it gives the users little flexibility in 
choosing the volatility structure. All spot and forward rates have the same 
standard deviation. In this paper we extend the Bierwag’s work by deriving the 
formulae of duration for zero-coupon bonds, coupon bonds and bond portfolios 
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under the HJM term structure framework. The advantage of using the HJM 
term structure model is that it enables users more flexibility in choosing the 
volatility structure, such as damping volatility. More importantly, the damping 
volatility is often observed for interest rates in the market. 

Our paper continues in four sections. Section 2 briefly reviews the related 
literature. Section 3 derives the formulae of duration for zero-coupon bonds, 
coupon bonds, and bond portfolios under the HJM term structure framework. 
Section 4 presents and discusses the numerical results. Section 5 draws forth 
the conclusions. 

2. LITERATURE REVIEW 

We briefly review the related literature of this study. Firstly, we review 
Bierwag’s duration model. Secondly, we review the Gagnon and Johnson 
( 1994) mode1 for dynamic immunization. 

2.1 Bierwag (1996) Model 

Bierwag pointed out that the deficiencies of effective duration are that this 
duration measure is not equal to the maturity of zero coupon bonds. Hence, the 
effective duration can be used neither as an immunizing duration in the 
traditional sense nor as a precise hedging duration. To solve the above stated 
problem, Bierwag showed that it is possible to derive a measure of duration that 
provides a one-to-one correspondence with the returns on interest rate sensitive 
securities. 

Define the return on a zero-coupon bond under the Ho-Lee term structure 
model as follows: 

r,(t)=Fy(t- l)lP(t)=R(l)xg@-I), t= I, 2, 3.. N 

r,,(t)=P;)(r- r)lP(r)=R(1)6’ j xg(6’-I), I= I, 2, 3. .N (I) 

where P[(Pi,) is the next-period zero coupon bond price for an up (down) 
movement in the current bond price, respectively; r,(r,)) represents the return 
for an up (down) movement in zero-coupon bond price, respectively; R(1) is the 
return of riskless bond; ~(6’~‘) is the magnitude of an up or down movement 
for bond prices under Ho-Lee term structure model. 
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Let an investor place the proportion, (Y, of an investment fund into bonds of 

maturity T, where Ocol,<l, T= 1,2,3,. . , Nandi or=l. Using Eq. (l), 
T=l 

Bierwag derived the implicit duration of zero-coupon bonds as follows: 
N 

R, =R(l) 2 (yrg(ST-l)=R(l)g(SD-‘) 
T= I 
N 

R,,=R(I) 2 +5T- ‘g(s“~‘)=R(1)6U~‘(S”~‘) 
T-l 

where R,,(R,) represents the bond portfolio return for an up (down) movement 
in bond prices, respectively; D is the duration of chosen portfolio. If the 
portfolio behaves like a single pure discount bond, then D is the maturity. If 
duration is an integer, then it has the traditional interpretation as the maturity 
of a pure discount bond, The value of D can be obtained from the implicit 
equation in (2). 

2.2. Gagnon and Johnson (1994) Model 

As mentioned earlier, the performance of duration in an immunization context 
has been shown to be dependent on both the initial shape of the term structure 
and its subsequent evolution. Macaulay’s measures are theoreticahy valid only 
for flat term structures. To overcome the disadvantage of Macaulay’s measures, 
Gagnon and Johnson (1994) used the Black, Derman and Toy (1990) term 
structure model to conduct an investigation into the relative merits of duration- 
based immunization strategies under stochastic interest rates. The advantage of 
this approach is that it takes the current term structure of interest rates and 
volatilities as given, and evaluates all interest rate dependent instruments in a 
consistent fashion. 

Gagnon and Johnson used the combination of the initial shape of the term 
structure of interest rates (upward-sloping, flat, or downward-sloping) and the 
shape of term structure of volatilities (flat or downward sloping) to investigate 
the relative performance between dynamic and static immunization strategies. 
They found that the dynamic immunization strategy dominates the static 
immunization strategy in every instance. They also found that the addition of 
convexity as a constraint does not in general improve performance. Addition- 
ally, they found that the more frequent there is for rebalance, the higher degree 
there will be of immunization. 
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3. THE MODEL 

In this section we employ the definition of duration proposed by Bierwag to 
derive the duration formulae for zero coupon bonds and bond portfolio under 
the HJM term structure framework. Firstly, we briefly introduce the HJM term 
structure model and define the return and risk for zero coupon bonds. Secondly, 
we derive the duration formulae for zero coupon bonds and bond portfolios. 
Thirdly, we construct a binomial tree for the HJM term structure model with 
damping volatility. This tree enables us to investigate the performance of 
dynamic immunization strategy. 

3.1 The HJM Term Structure Model 

In this subsection we first present the notations and terminology frequently 
used in the HJM model. We then derive the dynamic process of zero coupon 
bond prices under the HJM framework, and prove that the Ho-Lee model is a 
special case of the HJM model. Finally, we define the risk and return of a zero 
coupon bond according to Bierwag’s definition. 

3. I. 1. The Notations und Terminology 
Before describing the HJM model, we firstly summarize the notations as 
follows: 

[O,T]: the discrete trading economy of length; 

h: the interval between trades, where N interval of size h compose a unit in 
time, i.e. h = I IN; 

N: the number of trading of length in a unit time; 

T:f=lN= t/h presents the number of trading periods of length h prior to and 
including time t where t t [O,l 1. 

P(t,T): the time t price of T-maturity bond, 0~ t< T<T, P(T,T) = 1 and 
P(t,V > 0. 

,j(t,T): the instantaneous forward rate at time T as seen at date t; 

The instantaneous forward rate can be defined as 

,f[t,7-j = - [ lo&P&T+ h)/P(t,n)]lh 

forallTE[h ,..., T]andttrO,h ,..., T-h], (3) 
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This implies 

forallTE[R ,..,, k?]andtE[O,h ,..., h(T-l)]; (4) 

df): the spot rate at time t (over [t, t + h]); 

The spot rate is defined to be the forward rate at time t, i.e. 

r(t) =m> (5) 

B(t): the money market account (rolling over at r(t)) initialized at time 0 with 
a dollar investment. Hence, E(t) can be expressed as 

i- I 
B(t)=exp(C r(jh)h)) for all tE [h, . . . , h’i] (6) 

j=O 

B(0) = 1 

We assume that the forward rate, flt,T), follows a single random shock 
process. 

for all tE[h,..., T] where (f(O,t):TE[O, . . . , h(;i - l)]}. This forward rate 
process has one random shocks, represented by the random variables {a,}, 
which takes on the values (0, I}, The size of the upward movement of a jump 
at time t is denoted u(t, T) for a,, and the size of the downward movement of 
a jump at time t is denoted v(t, T) for a,. These sizes can rely on all information 
available prior to time t. 

The HJM used the martingale approach to obtain the no-arbitrage 
probabilities, with n(t) as follows: 
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forT(C{l,... ,Y-1) andfE{O,..., 7 - 11. Using Eq. (8), HJM derived the 
forward rate process with no-arbitrage under a single random shock as 
following equation. 

,fkT) =f(W) + 2 a,u (jh, Whl[qW( 1 - y(j))1 “’ 
j-l 

+* [h /l+-iW(exp { - $+ u (jh,ih)(q(j)(l - q(j)))“‘h3’? 
I 11 

- I 

-1% jl+W(exp{-8 u (jh,ih)(q( j)( I - q(j))) _ l’zh”’ - 1 I i)l Ih, 

where q(j) denotes the probabilities that aj takes on the values { 0, I 1. 

3.1.2. The Dynamic Process of Zero Coupon Bond Prices 
Assume that P(O,T) is the time t = 0 zero coupon bond price with maturity date, 
T, T= h,2h, . . . , N. P,(h,T) and P,,(h,T) represent the possible bond price with 
upward or downward movements for the next period, respectively. It is easy to 
prove that the dynamic process of a zero coupon price follows Eq. (IO). The 
proof is shown in Appendix A 

F’;(h,T)=g-$~h~@- l), i=O,l 

where 

h,(T- l)=l/ n(l)+(l ~ ~(1)) 

x exp 
i-1 

- Iz u (h,jhjh?[q( l)( 1 - q(l))]‘/* 
,=I 

<r (h,jh>h”‘/[q( I)( 1 - q(l))]“? I 

g (h,jh)h”“/[q( l)( 1 - q( 1))]“2 , 

(10) 
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where P(O,T)/P(O,h) represents the forward bond price under the initial term 
structure of interest rates; h;(T- 1) denotes the perturbation function. HJM 
have characterized the Ho-Lee process as a special case of their model. We 
show the proof at Appendix B. 

3.1.3. The Risk and Return of Zero Coupon Bonds 
Based on the dynamic process of zero coupon bond price, we define r,(t) as the 
one-period return per dollar from holding a T-period discount bond, and 
express it as follows: 

r,(T) = In h, (T - 1) - In P(O,h) 

Furthermore, we also define 

R,(t)=exp( - r,(t)) i=O,l, r=1,2,. . , , N 

We can then express a one-period return from holding a t-period discount bond, 
R,(t) as: 

R,(f) = P,W) -=R(l)xh,(f- 1) 
wb) 

t=1,2,. . . ,N 

R,,(t) = - 
P(W) 

= R(1) x h,(f- l), 

where R,(l)=R,,(l) =R(l) =exp(r)= l/P(O,h). Using these definitions, it fol- 
lows that’ 

R,(t) - R(l)=P(t)[R;(T) -R(l)] i=O,l for all t, 

where 

COY (Ri(t),R;(T)) 
P(r) = ~- 

(1 - exp( - x))[P( 1) + (1 - m( 1)) x exp( - y)] -=-.-- .~ .- 
v&R,(T)) (l-exp(-y))[r(l)+(l-a(l))xexp(-x)] 

i- I 

,yE 
c 

u (h,jh)h’“l[q( l)( I - q( 1))] “* 
,=I 

T-I 

yc 
c 

u(h,jh)h”?[q( I)(1 - q(l))]“2 
j= I 

~(12) 

The proof of Eq. (12) is shown in Appendix C. 
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3.2. Durations&r Bond Portfnlios 

3.2. I. Durutiansfor Bond Portfolios with Positive Returns 
Assume that an investor allocates the proportion, or, of an investment fund into 
bonds of maturity T, where T= 1,2, . . IV. 

R,=R(l) 2 a,h,(T- 1) 
7 = I 

Term R,(R,,) denotes the portfolio return per dollar for an up movement (down 
movement) in bond price, respectively. Equation (13) shows that R,(R,,) 
depends not only on the proportions, CX,, but also on the function of hj(T ~ 1). 
From Eq. (10) we know that the size of h, (T - 1) mainly depends on the 
volatility of forward interest rates. Hence, to calculate h;(T- I), we only have 
to estimate the volatility of forward rates. 

If R, > 0, R,, > 0 for chosen values of cy, , it follows that 

R,=R(l) c a,rh,(T- l)=R(l)h,(D- 1) 
I=, 

R,,=R(l) 2 a,h,,(T- l)=R(l)h,,(D- 1) 
,=I 

(14) 

for some value of II. The left-hand side of Eq. (14) is the return of bond 
portfolio. The right-hand side of Eq. (14) is the return of a specific zero coupon 
bond, which is equal to the return of bond portfolio. Since the duration of a zero 
coupon bond equals its maturity and the portfolio behaves like a single 
zero coupon bond, then D is the bond’s duration. This definition of duration 
was proposed by Bierwag (1996). The value of D is not obtained by an explicit 
equation, and hence it must be calculated from the implicit equation given in 
Eq. (14). 

Equation (14) shows that there is a measure of duration embedded in the 
HJM term structure framework that provides a one-to-one correspondence with 
returns on interest rate sensitive securities. The advantage of Bierwag’s 
duration measure is that it can provide a tool for hedging to achieve better 
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hedging results. If it is the duration of integer, then it has the traditional 
interpretation as the maturity of a pure discount bond. The returns 
corresponding to positive integer values of the duration can be generated by 
holding a single pure discount bond. All other returns can be generated by 
holding portfolios of two or more pure discount bonds, and by selling some of 
them short. 

3.2.2. Durations for Bond Portfolios with Negative Returns 
In the case of the portfolio returns per dollar in one of the states being negative, 
the risk associated with returns cannot be presented so simply in terms of 
portfolio durations. However, the duration measures are still useful in 
describing the risk. To consider the case of the portfolio returns per dollar in 
one of the states being negative, we have to allow the investors to sell short a 
sufficient amount of some available bonds. Let Q>O) (liability) denote the 
value of the bonds sold short. Furthermore, let CL,, T= 1,2, . . . , N be the 
proportion of L containing pure discount bonds of maturity T that have been 
sold short. On the other hand, A( > 0) (asset) denotes the value of all bonds hold 
long, and aAn T= 1,2, . . . , A4 denotes the proportion of A containing pure 
discount bonds of maturity T that have been bought. We define W=A - L, as 
the total net number of dollars invested and represents the value of an investor’s 
current position. 

Let R,(T) be the rectum per dollar on bonds of maturity T. If state i arises, then 
the return per dollar on the investment can be expressed as following 
equation. 

c [QA - a,&1 x R; (0 R = r=l -. ~-. ~~ I W 
, i=o,i (15) 

When R, > 0, RO > 0, the procedures for calculating the durations of the bond 
portfolio are the same as the case of positive returns. It foll0WS that 

N 

c [a,& - odd x R, CT) 
R,=-r=_- -- W .~ =R(l)xh,(D- 1) 

N 

c IQA - adI x R,(T) R,=EL- 
W 

=R(l)xh,(D- 1) (16) 



The Analysis of Dumtion and Immunization Strategy 251 

if the returns per dollar are negative, we have to compute the durations for 
assets and liabilities separately. Based on the definition given in Eq. (14), it 
follows that 

R,,=R(l)xh,(DA - 1) 

R”,, = R( 1) x h(D.4 - 1) 

R,, =R(l) x WA, - 1) 

R,,, = R 1) x MD, - 1) (17) 
In the case of negative returns, there are two possibilities. One is [R, > 0, R,, < O] 
and the other is [R, < 0, R,,> 01. In the first case, an increase (decrease) in bond 
prices results in a positive (negative) increment to W Conversely, the second 
case implies that an increase (decrease) in bond prices results in a negative 
(positive) increment to W 

In the case of [R, > 0, R,, < 01, we have 

(AIW)h,(D, - 1) - (WW)h,(D, - 1) >O 

WWh,(D, - 1) - WWMD, - 1) < 0 (1x1 
If [R, ~0, R,,>O], then the inequalities in Eq. (18) are reversed. Bierwag 
showed that a necessary condition for the inequality in Eq. (18) to hold is that 
D<l > D,., and a necessary condition for the reverse of Eq. (18) to hold is that 
D, CD,. The reasons for the above conditions are as follows. If the duration of 
the assets of a financial institution sufficiently exceeds the duration of its 
corresponding liabilities, then net wealth tends to decrease with a rise in 
interest rates. In contrast, if the duration of the liabilities of a financial 
institution sufficiently exceeds the duration of its corresponding assets, then a 
decrease in interest rates will reduce net wealth. 

3.3. The Dynurnic Immuniza!ion Stmtegy under HJM 

3.3. I. Constructing the Binomial Tree for HJM Model 
To construct a dynamic immunization strategy under stochastic interest rates, 
we have to build up the term structures using a binomial tree. For each time t 
(some integer multiple of h), let us assume that the time t + h forward rate is 
given by 

i f(r,T) + (r (f,T,fkV)fi + GCt,T)h 

flt+h,T)= 
with probability q(h) = l/2 + o(h) 

f&T) - CT (t,T,f(t,T))V’% + G(t,T)h 
(19) 

I with probability 1 - y(h) 
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where 1 >q(h)>O, and a(t,T,f(&T)) is a function dependent upon time, the 
maturity of forward rate, and the forward rate itself. 

Consider the dynamics given in Eq. (19), which is arbitrage free, if S(Q) is 
chosen to Iet 

Et (P(t,t+ h)P(t+ h,T)) = P(tJ) (20) 

where i?( denotes expectations with respect to risk-neutral probabilities. From 
Eq. (20), we obtain 

S(t,T)h = ,“if In (21) 

where cash(x) = (e” + e-“)/2. 
Based on the above dynamic process, we can construct the binomial tree for 

forward rate using the estimated forward rate volatility and initial term 
structures. Furthermore, since the forward rate and spot rate have a one-to-one 
relationship, we can hence obtain the binomial tree of spot rate binomial tree. 

3.3.2. The Immunization Strategy 
In this subsection we show how to construct the immunization strategy. Let P, 
and P, denote the price of bond 1 and 2, respectively; a, and n2 denotes the 
number of bonds 1 and 2 held in the bond portfolio, respectively. Hence, the 
value of bond portfolio including these two bonds can expressed as 
V=n, P, +a, Pz. Additionally, let B, =rt, P,/I! B, =n2 P,/V present the weight 
of holding bonds 1 and 2 in the bond portfolio, respectively. The condition of 
immunization for the bond portfolio is as follows: 

B,Dt+B,Dz=T (22) 

where D, and D, are the duration of bonds 1 and 2, respectively. Using the 
interest rate tree shown in the previous section, we can develop the dynamic 
immunization strategy under the HJM fr,amework. If the HJM model can 
describe the market interest rates perfectly, then the performance of dynamic 
immunization will be perfect. 

The immunization strategy can be constructed and adjusted as following 
procedures. Firstly, we have to compute the current prices, the holding number, 
and the holding weight of bonds 1 and 2. Using an interest rate tree, we are then 
able to obtain the corresponding bond price at each node. After obtaining the 
bond prices, we can use Eqs (11) and (13) to compute the bond’s duration at 
each node. Letting the duration of the bond portfolio equal the remaining time 
of investment at each node, we are able to calculate the holding number of each 
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bond at each node. Finally, based on the interest rate trees, we adjust the bond 
portfolio forward to meet the immunization condition for each node. The 
immunization strategy is valid even for the non-parallel shift in term structures. 
In general, the performance of the above immunization strategy will be better 
when the number of time steps of the binomial tree is larger. 

4. NUMERICAL RESULTS 

4. I. Duration of HJM 

In this subsection we illustrate the difference between Macalay’s and Bierwag’s 
duration measures under HJM framework. 

4.1. I. Duration (f Cnupnn Bonds 
In the market coupon bonds usually pay a coupon semiannually. Hence, we can 
decompose a coupon bond as a portfolio of zero-coupon bonds. For calculating 
the duration of a coupon bond, we assume that the forward rate has damping 
volatility as follows. 

Wm,,(J’(f,T) -,f(t-h,T))=aexp( ~ h(T- t)) cr>O, A>0 (23) 

Based on Eq. (14), we can write down the formula of duration measure for a 
coupon bond as follows: 

.M 

KI,=R(l)z u,h,,(t- l)=R(l)h,,(D- 1) 
,= I 

(c/2x F) 
Cl,= --/P whent=1,2,...,M-I 

(1 +,v)’ 

(y =WXF+E;I,~ 
I 

(1 +y)’ 
when t=M, (24) 

where CX, is the weight of a specific zero coupon bond containing the coupon 
bond, c is the coupon rate, F is the face value of coupon bond, y is the yield to 
maturity of a zero coupon bond in terms of a half-year, P is the coupon bond 
price, and D is the duration of coupon bond. 

In Table 1 we use three types of term slructure, Y(t) = 0.03 (a flat term 
structure), Y(t) = 0.03 + 0.002*~ (an upward-sloping term structure), and 
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TubZe 1. The Durations of Par Bonds Using the Macaulay’s and Bierwag’s 
Measures. 

Macaulay HJM std beta 

Year I 1.9709 1.9709 0.0010 0.1961 
Year 4 7.2303 7.2223 0.0064 1.2406 
Year I Il.6350 11.5941 0.0108 2.0894 
Year 10 IS.3238 15.2184 0.0144 2.7792 
Year 13 18.4131 18.2129 0.0174 3.3397 
Year 16 21.0004 20.6799 0.0199 3.795 1 
Year 19 23.1672 22.7069 0.0220 4.1651 
Year 22 24.9819 24.3693 0.0237 4.4657 
Year 25 26.5017 25.7300 0.025 1 4.7099 

(a) Flat Term Structures 

(b) Upward-Sloping Term Structures 

Year I 1.967 1 1.9671 O.QolO 0.1954 
Year 4 6.8914 6.8576 0.0059 1.1690 
Year 7 10.1475 9.8972 0.0090 1.7622 
Year 10 12.0186 11.2498 0.0103 2.0233 
Year 13 13.0310 f 1.5131 0.0105 2.0738 
Year 16 13.6099 11.3121 0.0104 2.0352 
Year 19 13.9882 11.0450 0.0101 1.9839 
Year 22 14.2616 10.8629 0.0099 1.9488 
Year 25 14.4629 10.7713 0.0098 1.9311 

.- 
(c) Downward-Sloping Term Structures 

.- .” 
Year 1 1.9623 1.9623 0.0010 0.1944 
Year 4 7.0703 7.0645 0.0062 1.2097 
Year 7 11.3132 11.2987 0.0104 2.0324 
Year 10 14.9703 14.9654 0.0140 2.7315 
Year 13 18.2360 18.2867 0.0172 3.3533 
Year 16 2 1.2548 21.4300 0.0202 3.9324 
Year 19 24.1435 24.533 1 0.0230 4.4952 
Year 22 27.0072 27.7189 0.0260 5.0639 
Year 25 29.9525 31.1090 0.0290 5.6591 
-. -. 
Nubs: Column 1 presents the maturity of the zero-coupon bond. Columns 2 and 3 are the duration 
using Macaulay’s and Bierwag’s measures, respectively. The duration is in terms of years. Column 
4 denotes the standard deviation of the zero coupon bond return. CoIumn 5 denotes the value of 
p for a 3-year zero coupon bond. 
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Y(t) = 0.04 - 0.0004*~ (a downward-sloping term structure) and set u = 0.001, 
X=0.01, and q= ~=0.5, to compute the duration of coupon bond with a 
different maturity using Macaulay’s and Bierwag’s measures. Panel (a) in Table 
1 shows that HJM duration using Bierwag’s measure and Macaulay’s measure 
for a flat term structure is very close, It implies that the stochastic interest rate 
has little impact on durations when the term structure is flat. However, as 
shown in Panels (b) of Table 1, the HJM duration using Bierwag’s is smaller 
than Macaulay’s measure for an upward-sloping term structure. Furthermore, 
the difference between these two duration measures increase with the term to 
maturity. 

For a downward-sloping term structure, the results are mixed. In other 
words, the HJM duration is larger than Macaulay’s duration for a short-term 
bond, but the HJM duration using Bierwag’s measure is smaller than 
Macaulay’s measure for a long-term bond. These results are different from 
those of Bierwag’s (Ho-Lee term structure). The possible reason is that the 
interest rate volatility is constant in the Ho-Lee term structure model, whereas 
the interest rate volatility under the HJM framework has damping properties. 

As shown in Table 2, holding the maturity of a par bond fixed (10 years), the 
HJM duration using Bierwag’s measure increases as the interest volatility 
increases. As pointed out by Bierwag, the reason for this result is that as interest 
rate volatility falls, there is less uncertainty in the evolution of interest rates. 
The maturity of a relatively large cash flow at maturity dominates the duration 
computation and forces the duration upward, while the reverse is also true. 

Table 3 shows how the changes in the speed of volatility damping (A) affects 
the duration of bonds. We find that the larger the speed of volatility damping 
is, the smaller the HJM duration will be. The reasons for these results are 
similar to those of Table 2. Figures 1, 2 and 3 illustrate the results of panel A, 
B and C of Table 3, respectively. 

Table 4 shows the duration of the bond portfolio, which includes a short 
position on a 2.5% coupon bond with two-year maturity and a long position on 
a bond with a 3% coupon with a different maturity. To simplify the analysis, we 
use a flat term structure to investigate this issue. Table 4 shows that R, and R,, 
increase with the maturity of the long position bond at the beginning. However, 
K,, becomes negative when the maturity of the long position bond is longer than 
25 years. In fact, it is easy to construct a portfolio with return equal to the 
riskless interest rate. We show three riskless bond portfolios in Table 5, in 
which the return of bond portfolio is not affected by changes in interest rates. 

To investigate the performance of the dynamic immunization strategy, we 
use three types of term structure, 0.06 (flat), 0.06 + 0.0025 x t (upward-sloping 
term structure), and 0.07 - 0.0025 x t (downward-sloping term structure). We 
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Table 2. The HJM Duration, Beta, and Standard Deviation of Bond Return as 
Volatility Varies for Par Bonds With IO-year Maturity. 

HIM (year IO) std beta 

0.0005 15.2187 0.007 I 
0.0010 15.2185 0.0141 
0.0015 15.2178 0.0212 
0.0020 15.2170 0.0282 
0.0025 15.2159 0.0352 
0.0030 15.2147 0.0423 
0.0035 15.2131 0.0493 
0.0040 15.2114 0.0563 

(a) Flat Term Structures 
- -~ 

2.7794 
2.7792 
2.7789 
2.1785 
2.7779 
2.7773 
2.7765 
2.7756 

(b) Upward-Sloping Term Structures 

0.0005 1 1.2502 0.005 I 2.0234 
0.0010 1 I .2498 0.0103 2.0233 
0.0015 I 1.2493 0.0154 2.023 1 
0.0020 11.2485 0.0206 2.0229 
0.0025 11.2475 0.0257 2.0225 
0.0030 11.2462 0.0309 2.0222 
0.0035 1 I .244& 0.0360 2.0217 
0.0040 II.2431 0.0411 2.0212 

(c) Downward-Sloping Term Structures 

0.0005 14.9657 0.0070 2.7317 
0.00I0 14.9654 0.0140 2.7315 
0.0015 14.9648 0.0210 2.7312 
0.0020 14.9640 0.0280 2.7308 
0.0025 14.9629 0.0350 2.7303 
0.0030 14.9616 0.0420 2.7296 
0.0035 14.9600 0.0489 2.7289 
0.0340 14.9583 0.0559 2.7280 

Notes: Column 1 presents the changes of volatility of interest raks. Column 2 is the duration using 
Bierwag’s measures under the H.tM term structure framework. The duration is in terms of years. 
Column 3 denotes the standard deviation of the zero coupon bond return. Column 4 denotes the 
value of p for a IO-year zero coupon bond. 
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Year 1 
Year 4 
Year 7 
Year 10 
Year 13 
Year 16 
Yeilr 19 
Year 22 
Year 2s 

Year I 
Year 4 
Year 7 
Year IO 
Y&u 13 
Year 16 
Year 19 
Year 22 
Year 25 

Year 1 
Year 4 
Year 7 
Year 10 
Year I3 
Year 16 
Year I9 
Ycar22 
Yex2S 

Table 3. The Impacts of Changes in A on Duration. 

Panel A: Flat Term Structures 

h=O.001 X=0.01 A  = 0.05 

1.9709 1.9709 1.9709 
7.2295 7.2223 7.1891 

1 I .630X 1 I.5941 1 I.423 I 
15.3129 15.2184 14.7773 
18.3922 18.2129 17.3838 
20.9664 20.6799 19.3730 
23.1179 22.7069 20.8693 
24.9 154 24.3693 21.9835 
26.4169 25.7300 22.8090 

Panel B: Upward-Sloping Term Structures 

.-. 
A  = 0.00 I A  = 0.01 A  = 0.05 

1.967 1 1.9671 1.9671 
6.8676 6.8576 6.8124 
9.9468 9.X972 9.6734 

11.3562 11.2498 10.7794 
I 1.6642 11.5131 10.8657 
1 I .4x27 11.3121 10.603.5 
11.2168 Il.0450 10.3438 
11.02x9 IO.8629 10.1859 
10.9322 10.7713 10.1127 

Panel C: Downward-Sloping Term Structures 

x=0.001 A  = O.Of h=O.O5 
~~... 

1.9623 1.9623 1.9623 
7.0731 7.064s 7.0244 

11.3386 Il.2987 II.1124 
15.0632 14.9654 14.5134 
18.4665 18.2867 17.4537 
21.7153 21.43 20.1129 
24.9464 24.5331 22.6397 
28.2828 27~7 IX9 2s.1495 
31.8469 31.109 27.7609 

bzO.2 

I.9709 
7.0408 

10.6663 
12.8943 
14.1169 
14.738 
15.0259 
IS.1709 
IS.2375 

A  = 0.2 

1.967 1 
6.6268 
8.7799 
9.1321 
8.8692 
X.5841 
8.4044 
8.3179 
8.2835 

hZ0.2 

1.9623 
6.XS97 

10.3125 
12.6127 
14.1581 
15.294 
16.2201 
17.0674 
17.9264 

Notes: All term structures in Table 3 are the same as those in Table 1. In Table 3, we change A  
ranging from 0.001 to 0.2. 
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Flat Term Structures 

30 , 

25 _ 

5 - 

0 I I I / , 

I 4 7 IO 13 I6 IY 22 25 

Maturity 

- 0.001 

-a- 0.0 I 7 e 0.05 
* 0.2 

Fig. 1. The Impacts of Changes in A on Duration Measures. 
(Data are from Panel A of Table 3) 

also use two kinds of forward volatility, constant (1.2%) and damping. The 
damping volatility form is based on Ritchken and Sankarasubramanian (1995) 
and given as the following equation. 

stdCfT)-f(t- h,T))=u 1 r(t) Ir exp( - h(T-I)) u,X>O (25) 

Upward-Sloping Term Structures 

14 7 10 13 16 19 22 25 

Maturity 

4 0.001 

+ 0.01 c -A-o.05 

* 0.2 

I;ig. 2. The Impacts of Changes in h on Duration Measures. 
(Data are from Panel B of Table 3) 
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Downward-Sloping Term Structures 

259 

-e-O.OOl -n-0.01 
7 
d-K05 
* 0.2 

1 4 7 IO 13 16 19 22 2.5 

Maturity 

Fig. 3. The Impacts of Changes in A on Duration Measures. 
(Data are from Panel C of Table 3) 

Table 4. The Changes of Holding Period of Bonds on the Returns and 
Duration of Bond Portfolios. 

Holding period R, rc, DA 0. 

1 year 0.9302 1.1307 19709 3.8.54 
2 years 1.0319 1.029 3.828 3.854 
3 years 1.1269 0.934 5.5768 3.854 
4 years 1.2155 0.8454 7.2223 3.854 
5 years 1.298 1 0.7628 8.7704 3.854 
IO years 1.6356 0.4253 1.5.2184 3.854 
15 years 1.8745 0.1864 19.Y 102 3.854 
20 years 2.0434 0.0 175 23.2982 3.854 
25 years 2.5022 -0.4413 25.7257 3.854 
30 years 2.2415 - 0.1866 27.4685 3.854 
35 years 2.3073 - 0.2464 28.7071 3.854 
40 years 2.3496 - 0.2886 29.5879 3.854 
so years 2.4006 - 0.3397 30.6564 3.854 
60 years 2~426 1 ~ 0.36SZ 31.1927 3.854 
-. ~-.. ~. __ 
Nnrcs: Cohnnn 1 presents the changes in holding periods of bonds. Columns 2 and 3 WC the 
returns of band portfolio for an up movement and down movement in bond prices, respectively. 
The duration is in terms of years. Columns 4 and 5 denote the duration of the asset and liability 
at the portfolio, respectively. The duration is in terms of years. 
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Table 5. The Constructions of Risk-less Bond Portfolios. 
----~ - .- 

Maturity Duration R, RI, R(l) 
--~. ~-~.~ -- - -. - 
(11.4 24 25.3065 1.03043 1.03047 1.03045 
(1)L 36 29.8104 
(2) A 25 25.73 1.03032 1.03059 1.03045 
(2) L 41 30.5317 
(3)A 26 26.1258 1.03041 1.03049 1.03045 
(3) L 49 31.2039 

Notes: Column 1 presents three sets of bond portfolio. Column 2 shows the maturity of bonds (in 
terms of years) in long and short positions. Column 3 illustrates the durations of asset and liability 
of bond portfolio. Columns 4 and 5 present the returns of bond portfolio for an up movement and 
down movement in bond prices, respectively. The duration is in terms of half-year. Cohunn 6 
denotes one plus riskless interest rate. 

Table 6. The Performance of Static Immunization Strategy. 
-.-~- -- - .- -- --- - - 

Pane1 A: Constant Forward Rate Volatility 

BI .B2 BI .B3 82'83 
----. ---. -.-_--. ~- -. - - 

Rat Term Structures 
-- -.-. -.- - _~.- - 
mean 9991.1835 9994.7671 9992.5046 
max 10586.4200 10353.7880 10500.2280 
min 9461.5477 9684.5876 9543.3424 
Std 294.9252 171.7449 249.4951 

Upward-Sloping Term Structures 

mean 9990.6820 9994.5976 9992.3771 
max 10629.4240 10372.1350 10517.4880 
min 9422.9482 9668.5922 9528.7365 
std 316.5810 180.7053 257.7317 

Downward-Sloping Term Structures 

mean 9991.6279 9994.9198 9992.6205 
max 10548.4310 10337.1610 10484.4020 
min 9495.8506 9699.1522 9556.8320 
std 275.7532 163.6231 241.9256 
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Table 6. Continued. 

Panel B: Damping Forward Rate Volatility 

Bl .B2 61 .B3 l32. B3 
~ .----.. ~---. 

Flat Tern Structures 

ll,Cl” 
I?lW 

min 
std 

999 1.1062 9995.2286 
IO47 I .4270 10254.7 180 
9121.7222 9539.8427 

3 I X.6522 172.2950 

Upward-Sloping Term Structures 

9992.8641 
10378.6450 
9298.6392 

256.3308 

9988.3477 9993.8584 
1057 I .0760 10301.3770 
8962.3852 9469.0035 

389.1820 2OS.8857 

Downward-Sloping Term Structures 

Y99 I .0379 
10438.5600 
YN7.hl03 

2YY.84 I I 

9993.3298 9996.3686 9904.4295 
10385.21 LO 10213.2070 lU322.7480 
9262.2042 9604.6505 Y385.2554 

2.57.4895 142.1238 215.7967 
-. -- --.- ~~-. 

Notes: B  1: B  4-year. ~5.5% coupon bond; FE: a S-year, 6% coupon bond: 83: a IO-year, 6% ctqm 
bond. 

We assume that cr=O.2, y= 1, and A =0.02. We also consider three bonds, a 
5.5% coupon 4-year bond, a 6% coupon 5-year bond, and 6% coupon IO-year 
bond to construct bond portfolio. Assume that the maturity of investment 
equals four years. For each of the portfolio combinations, Tables 6 and 7 
display the mean ending value, the standard deviation of ending value, and the 
range of ending values. 

From Tables 6 and 7, we find that the performance of the dynamic 
immunization strategy is much better than the corresponding static immuniza- 
tion strategy both in the case of constant forward interest rate volatility and 
damping forward interest rate volatility. Furthermore, we also find the portfolio 
including Bl (Cyear bond) performs better since the maturity of Bl is equal to 
the maturity of the bond portfolio. We can also make conclusions that the bond 
portfolio including a bond with maturity close to the maturity of investment 
will perform better. 
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5. CONCLUSIONS 

Using the duration measures defined by Bierwag (1996), we derive the 
formulae of duration for zero-coupon bonds, coupon bonds, and bond 
portfolios under the HJM term structure framework. The advantage in using the 
HJM term structure model is that it enables users more flexibility in choosing 
the volatility structure. Hence, the duration measures developed in this paper 
can provide practitioners a better and more flexible tool for managing interest 
rate risks. 

We summarize the findings of this paper as follows. Firstly, we show that 
HJM duration using Bierwag’s measure and Macaulay’s measure for the flat 
term structure are very close. However, the HJM duration using Bierwag’s 
measure is smaller than Macaulay’s measure for an upward-sloping term 
structure. Furthermore, the difference between these two duration measures 

Table 7. The Performance of Dynamic Immunization Strategy. 
-- --_ -. - ~ 

Panel A: Constant Forward Rate Volatility 

BI .B2 81 .B3 32-83 

max 
min 
std 

Flat Term Structures 

9999.9892 1oooo.0050 9999.9626 
1OOu5.lf70 10006.7240 10011.8570 
9996.6403 9996.2001 9987.0928 

3.2081 3.6769 5.6920 

Upward-Sloping Tern Structures 

mean 
*ax 
min 
std 

~.~ 
mean 
max 
min 
std 

10000.0340 1cOGQ.0490 
10006.2140 1ooo7.9150 
9996.4193 9995.8769 

3.3235 3.8585 
-- ~-. 

Downward-Sloping Term Structures 
-I-.. ~. 

9999.9465 9999.9426 
10005.7830 lGOo6.4950 
9996.7225 9996.4628 

3.1917 3.5833 

9999.9964 
10013.7670 
9986.8098 

5.9955 

_.-.- 
9999.9300 

lCO10.8760 
9987.425 I 

5.5192 
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-.. ~-- ~~-. 
Panel B: Damping Forward Bate Volatility 

-.. . 

Table 7. Continued. 

I31 .I32 I31 .B3 B2. B3 

Flat Term Structures 
.-~ .-~~~ --- 

mean I oooo. 1370 10000.2880 9999.93 17 
max 10008.9660 10014.20&U 10030.6340 
min 9996.4470 9995.9314 9953.5630 
srd 3.5348 5.0679 13.9079 

Upward-Sloping Term Structures 

mean 
max 
min 
std 

~~ .- ..-~ .--.-~ 
10000.2030 10000.3500 9Y99.9368 
1001 1.2610 10016.6810 10037.M.40 
9995.8554 9994.9576 9945.2912 

4.2811 S.8907 i6.9633 

Downward-Sloping Term Structures 

mean 10000.0830 10000.2330 9999.9269 
max 10006.8870 IOOI 1.8980 10024.2240 
min Y996.9384 9996.7853 9961.1656 
std 2.901 I 4.3094 11.1728 

.~ ..~~ ..____~ .- 
Nmx B I : a 4-year, 5.5% coupon bond; B2: a 5-year. 6% coupon hand; B3: a IO-year, 6% coupon 
bond. 

increase with the term to maturity. For a downward-sloping term structure, the 
results are mixed. Secondly, holding the maturity of a par bond fixed (10 years), 
we find that the HJM duration increases as the interest volatility increases. We 
also find that the larger the speed of volatility damping is, the smaller the HJM 
duration using Bierwag’s measure will be. Finally, we find that the performance 
of a dynamic immunization strategy is much better than the corresponding 
static immunization strategy both in the case of constant forward interest rate 
volatility and damping forward interest rate volatility. 

NOTE 
1. Bierwag also obtained the similar relationship (like CAPM) under the Ho-Lee 

term structure of interest rates. 
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APPENDIX A: 
The Proof of Bond Dynamic Process 

From Eq. (4). we have 

P(W=e,( - $.f’Ct.ihW) 

It follows that 

Hence, we obtain 

7-I 

c J;O + h,jh)h 
j=l+l 

(A-1) 

(A-2) 

= exP 

7’ I I / 
- c f(t,jh)h - c u(t+ h,jh)h 

,-i ,=;a I 

(A-31 
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Based on the results of HJM (1990), we have 

r-r r- I 
c 

l/2 

v(f,jh)k = log( 1+ a(T)) exp ( { - c u (wo~3n4q(o(I - qm - 1 
pi jsi I ) 

Therefore, the following relationship holds. 

r-1 

c V(f + h,jh)h 
j=i+l 

= 
( 

Tr(f+ l)+(l - 71(f+ l)* 

i 

r-- I 

c 

l/2 
exp - u (t + h, jh)V2/(q(f+ l)( 1 - q(f+ 1))) 

J-i+ 1 

=h,(T- f- 1) 

Substituting Eq. (A-4) into Eq. (5), we have 

T-l 

c u(t f h, jh)h 
pit I 

i 

T- I 

=exp - c a(t + h,jh)P/(q(f+ I)( 1 - q(f+ 1 ))y I 

j=f+ I 1 

( Tr(f+ l)+(l - 7T(f+ l))* 

L 
r- I 
c 

Ii2 
exp - CJ (t+ h,jh)P2/(q(f+ l)( 1 - q(f+ I))) 

j=i+l 11 

(A-4) 

=h,(T- f- 1) (A-3 
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Hence, the bond price at next period can be expressed as follows: 

f’(U) 
P,(f+h,T)= .~- 

P(t,r + hj * exp[ - u,[i, u(r+h,jh)ii) 

-Cl -ql(,$t vV+kMh)] 

I’(U) =- --*h,(T-f- 1) 
P(s,t+h) 

(A-6) 

If the bond price is up (down), then ui= 1, i= 1 (a,=O,i=O). At time t=O, Eq, 
(A-6) will reduce to the following equation. 

P(O,T) 
P;(h,T) = ~ 

P(O,h) 
* h;(T- 1) (A-7) 

Hence the proof of Eq. (10) is complete. 

APPENDIX B: 
The Ho-Lee Model is a Special Case of the HJM Model 

When n(i) =m, y(i) =q, a(.i,j)=tr, we can rewrite Eqs (A-4), B(A-5) as 
foilows: 

1 
h,(F l)= ~-- 7 

Tr+(l -7r)S’ ’ 

6’ I 

h,,(T - 1) = .--. .--T 
r+(l -7T)FY ’ 

where 0 < 6 = exp( - w*h”2[q( 1 - q)]- I’*) < 1 

The solutions of hi given in Eqs (B-l) and (B-2) are the same as those of Ho- 
Lee model. Hence, the Ho-Lee model is a special case of the HJM 
model. 
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APPENDIX C: 
The Calculation of Beta 

Under risk-neutral probability, we have 

E(R,(t))=lT(l) *R&)+(1 -rr(l))“RO(I)=R(l) 

E(R,(T))=a(l) * R,(T)+{1 -n(l))* R,,(T)=R(l) (C-1) 

Using the definition of p, it follows that 

COv(Rj (t),Ri (T)) p(t)=---- 
WR, G’Y) 

= iW)*MO - W,(Ql * W,(T) - W,V))l 

+ (1 - n(l))*U?,,(d - E(R, W>l * [R,,(T) - dRj(V)lI 

I{T(~>*[R,(T) - ~(R,0-))12+(1 - ~(1)) * [R,,(T) - JW,(W~I C-2) 

Substituting Eq. (C-l) into Eq. (C-2), we have 

p(~)=(‘-exp(-.u))[a(l)+(l-~(l))*exp(-y)l -.. ~ -_I~~ 
(1 -exp(-y))[?r(l)+(l -~(l))*exp(-x)] 

(C-3) 

i-l 
*s c u (h,jh)Pl[q( l)( 1 - q(l))]‘” 

,‘I 

ye C u(k,jh)h3’2/[q(l)(l - q(l))]“2 
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ABSTRACT 

We show that (f u lead-lag relation exists between the option and spot 
markets, the implied volatilio in option prices can be biased depending 
on the level qf the true volatility; thut is, the higher the true volatili~), 
the more upward biased the implied volatility will be. We then test the 
theoretical conjecture, using intraduy transactions dutu qf the S&P 500 
stock index and its options. The empirical results show thut the S&P 
500 index option market leads the cash index, and that the bias of the 
implied volatility due to the lead-lag relation is statistically significant, 
conj+ming our theoretical conjecture. 

1. INTRODUCTION 

The volatility implied in an option’s price reflects the market’s assessment of 
the average volatility of the underlying asset over the remaining life of the 
option.’ As such, the implied volatility has been widely used as an ex ante 
estimate of future price perturbations, and its informational content has been 
documented in numerous previous studies.’ This paper shows that the implied 
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volatility in option prices can be biased if a lead-lag relation exists between the 
spot and option markets and that the degree of the bias depends on the level of 
the true volatility. 

Recently, the lead-lag relationship between two securities markets has 
attracted a significant attention in the literature of market efficiency and 
microstructure.’ The empirical results on the lead-lag relationship between the 
stock and options markets, however, appear to be mixed at best and depend on 
the underlying security. For equity options, the results are controversial. Some 
previous studies like Manaster and Rendleman (19821, Bhattacharya (1987) 
and Anthony (1988) showed that the option market leads the stock market. This 
viewpoint was challenged by Stephan and Whaley (1990) who argued that the 
stock market leads the option market. Chan, Chung and Johnson (1993) 
interpreted the Stephan-Whaley results to conclude that neither market leads 
the other and that new information appears to be impounded in both markets 
simultaneously. More recently, O’Connor (1999) shows that overall the stock 
market leads the option market and that the lead is related to options’ trading 
costs. However, concerning the relationship between the stock index and index 
option markets, the prevailing view is that the index option market leads the 
stock index. For example, Ostdiek, Fleming and Whaley (1993) show that 
index options lead cash index by about five minutes, even after controlling for 
infrequent trading in the cash index. 

In this study, we show that the implied volatility in option prices can be 
biased if a lead-lag relationship exists between the spot and option markets. 
First, we develop a model that relates the bias in implied volatility to the lead- 
lag structure between the two markets. Specifically, we show that if the option 
market leads the spot market, the implied volatility in option prices will be 
upward biased, and that the bias will be higher, the higher the true volatility. 
Second, we test the implications of the model using the intraday transactions 
data for the S&P 500 stock index and its options. The results show that the 
stock index option market Ieads the stock index, and that the implied volatility 
is statistically significantly biased due to the lead-lag relationship. 

In Section 2, we develop the model. In Section 3, we present empirical 
results. Section 4 contains a conclusion. 

2. LEAD-LAG RELATION AND IMPLIED VOLATILITY 

Assume that in the absence of any informational effects the option would be 
priced based on an implied volatility of 0. For simplicity, we just consider 
European options. The notation is as follows: 
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t: current time, 
T: option expiration date, 
S: observed stock price at time t, 
r: risk-free rate, 
K: exercise price, 
CT: true implied standard deviation. 
The Black-Scholes formula for a European call option is C[S,K,r,w,T - t]. If 
the option market leads the stock market, the option price incorporates 
advanced information on the stock price. If we assume that with a new piece 
of information arrived in markets, the stock price changes to either S + AS or 
S - AS with equal probability, the respective market price of the call option at 
time t will be’ 

C, = C]S + AS,K,r,u,T - t]. 
C, = C[S - AS,K,r,u,T - t]. 

If we compute the implied volatility based on C,, we obtain an estimate u, 
which will be greater than 0. If we use Cd, the implied volatility, ud will be less 
than cr. Since the call option price is a convex function of the stock price, the 
average of these two estimates will exceed cr. The bias will be 

The pair of equations for the implied volatility estimates is 

C[S,K,r,rr,,,T - t] = C[S + AS,K,r,cr,T - t] (2) 

C[S,K,r,(r,,T - t] =C]S - AS,K,r,cr,T ~ t] (3 
We use f(S,u) for the Black-Scholes price since we will be concerned with its 
dependence on S and IJ. We expand the left-hand side of each equation as a 
Taylor series around 0 and the right-hand side of each equation as a Taylor 
series around S.’ After some simplification, we obtain 

(4) 

Note that the bias is positive since both f,, and f,, are positive. These correspond 
to gamma and Vega, respectively. Furthermore, they have explicit forms in the 
Black-Scholes model (see Cox & Rubinstein, 1985). Hence, the bias in the 
implicit volatility can be written as 

Equation (5) indicates that the magnitude of the bias depends on AS’. 
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Table I. Values of Computed Implied Volatility When Option Market Leads 
Stock Market for Different Values of AS. 

.- - - ~- --_-. -.- -~~ 
AS 0, cr, b,, + fldY2 Eq. (5) 
-..- -- -. ~- -. -.. ~- -- -. ~ 
$1 0.3006 0.2041 0.2524 0.2524 
$2 0.3558 0.1630 0.2594 0.2596 
$3 0.4153 0.1266 0.2710 0.2716 

We now compare the values of the implied volatility based on the numerical 
solutions of Eqs (2) and (3) with the approximate values from Eq.(5) for 
different values of AS. The parameter values used are as follows: S =$lOO, 
T=one month, r= 8%, K= $100, and A= 25%. The results are shown in 
Table 1. The implied standard deviations (cr,) in case of upward movements in 
the stock price are greater than the true standard deviation, 25%, and those in 
case of downward movements (uJ) are smaller. Of particular interest is that as 
AS increases, the bias of the implied volatility increases. When AS is $1.00, the 
bias is only 1%. When AS increases to $2.00 and $3,00, the bias increases to 
3.8% and 8.4%, respectively. Thus, when the stock price is more volatile, the 
bias is larger, which is consistent with our theoretical prediction. 

3, EMPIRICAL ANALYSIS 

Data 

We randomly selected two contracts of the S&P 500 index options: August 
1998 and December 1998 options. In this study, we consider only at-the-money 
options. As pointed out by Ostdiek, Fleming and Whaley (1992) and Wiggins 
(1987), at-the-money options provide the greatest accuracy in estimating 
implied volatility because their values are approximately linear in the volatility 
rate. Thus, the possible bias in implied volatility due to departure from 
the implicit assumption of non-stochastic volatility is minimized. Also, we 
use only nearby options with maturity between 17 and 45 days. The exact 
time period is July l-July 31, 1998 for August 1998 options and November 
l-November 30, 1998 for December 1998 options. 

Intraday option prices, contemporaneous Treasury bill interest rates, and spot 
indexes are obtained from the Bridge Sy~em. This data source contains all 
reported transactions, For dividends, we use daily dividend yields provided by 
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DataStream.’ For every transaction on the S&P 500 index option, the 
contemporaneous spot index and the T-bill rate with the same time to maturity 
ate matched using the records reported on average every 15 seconds. The time 
interval between option transactions ranges from 10 seconds to a few minutes. 
The exact transaction times are not usually simultaneous for options and spot 
indexes. Accordingly, whenever there is an option transaction, we record two 
available spot prices with recorded transaction times immediately preceding 
and following the option transaction. The following diagram shows our 
sampling procedure. 

In the diagram, C, represents the option price whose transaction is reported at 
time t. We denote the spot price immediately preceding the option transaction 
of time f as S, and the spot price immediately after the option transaction as 
S,?. The implied volatility (or implied standard deviation: ISD hereafter) for C, 
is calculated based on S.- . 

Lead-Lag Relation, Implied Volatility and the Spot Price Volatility 

Equation (5) indicates that the implied volatility is directly and positively 
related to the spot price volatility. To investigate the relationship, we consider 
the following set of regressions: 

and 

(7) 

where At is the time interval between S,-(S,+_ ,) and S:(S,-).’ We also estimate 
a regression of the ISD against both of the independent variables in Eqs (6) and 
(7) together. To account for the AR(l) characteristics of the ISD series, we 
allow the first-order autoregressive errors and estimate the parameters with a 
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modified Cochrane-Orcutt procedure as developed by Belsley and MacKinnon 
( 1978). 

The results are reported in Table 2. The slope coeflkient estimate of Eq. (6), 
p,, is 0.0333 and that of Eq. (7), p2, is 0.0074 for the sample of August call 
options. For the sample of December call options, the estimates are 0.0251 and 

Table 2. Relationship between Implied Volatility and Spot Price Volatility. 

The following regressions are estimated using at-the-money August and December 1998 options. 

and 

where ISD is the implied standard deviation, and f is the option transaction time. S,+ denotes 
the spot price immediately after the option transaction of time f and S,- the spot price just prior to the 
option transaction. The ISD is calculated based on S, Ar is the time interval between 
S, (ST-,) and S,?(S,-). The parameter estimates are reported for the samples of August call 
and December call options separately. We also report the estimates from the regression of LSD on both 
of the independent variables. In the parenthesis are r-statistics. * represents significance at the level 

of 1%. 

Sample Observations 

August I998 Call 1,331 0.1806 0.0333 
(259.9)* (8.193)' 

0.1840 
(294.7)* 

0.1803 
(245.9)* 

0.0327 
(7.964)' 

0.0074 
(2.078) 

0.0032 
(0.893) 

December 1998 Call 1,032 0.2254 0.0251 
(181.0)* (3.741)*' 

0.2274 om93 
(207.6)* (2.02) 

0.2251 0.023 1 0.0046 
(173.7)* (3.284)* (0.957) 
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0.0093 for p, and pz, respectively. In both cases, p, is strongly significant while 
p2 appears to be mildly significant in statistical sense.* When we run a 
regression including both of the independent variables, pZ becomes insignif- 
icantly different from zero for both August and December options. 

Of par-tic&r interest is that the results imply that the option market leads the 
spot market. If the option market acknowledges the arrival of new information 
prior to the spot market, the ISD calculated at time t should reflect the price 
change in the spot market from time t to time t + 1. The results in Table 2 
suggest that the ISD is significantly affected by the spot index movement 
immediately following the option transaction rather than by the spot index 
movemenk prior to the option transaction. 

Does the Uptiun Market Anticipate the Direction @Spot Price Change? 

We have reported evidence that the option market leads the spot market. One 
may then wonder whether the option market can even anticipate the direction 
of the spot price movement. To test this possibility, we use the methods similar 
to those adopted by Harvey and Whaley (1991). 

First, we consider volatility spread between call and put options. If the 
oncoming spot price movement is upward and the option market anticipates 
this, it will result in an increase in the call volatility and a decrease in the put 
volatility, thereby increasing the volatility spread. If the oncoming spot price 
movement is downward, however, it will cause the volatility spread to decrease. 
Therefore, we can test the temporal price relation by examining the relation 
between the change in the volatility spread and the change in the stock price. 

Whaley (1986) reports that the put options on the S&P 500 index futures 
tend to have higher volatilities than the call options. Bates (1991) argues that 
the difference in implied volatilities between calls and puts might reflect 
investors’ expectations about the probability of market movements up or down. 
One caveat is that, due to non-synchronous trading of the component stocks of 
the index, the reported index may lag the true index value while there is no 
significant lag in observed option prices. This means that the theoretical option 
price based on the reported index and the actual option price may be different 
whenever the prices of the index component stocks change fast. As a result, the 
option market may appear to anticipate the index price movement in advance. 
However, in this study we focus on whether a lead-lag relation exists between 
the two markets rather than trying to explore the sources of such a relation. 

We select pairs of call and put option transactions that occurred within a 
minute. Again, a diagram will help illustrate the sampling procedure. 
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In the above diagram, P,(C,) is the put (call) premium at time t. We use a pair 
of P, and C, that occur in less than a minute apart but the first transaction can 
be either a put or a call. S, is the spot price recorded between the two option 
transactions and closest to the middle. 

To investigate whether the volatility spread predicts the upcoming change in 
the spot price, we estimate the following regression: 

Sp?ad=cw,+p, 
S’ ( i +- 1 +E3 

r 

where Spread is the volatility spread between call and put options. A positive 
p3 indicates that the option market anticipates the direction of the spot market 
movement. We also test whether the spread is influenced by the previous spot 
price change as well, using the following regression: 

Spread=a,+p, 
( i 
g - 1 +q I 

The results are reported in Table 3. Overall, the results show that the volatility 
spread is indeed positively related to upcoming spot price movements for both 
August and December 1998 options. However, no significant relation is found 
between the volatility spread and the previous spot price change: the estimate 
of the coefficient, P4, is negative but not significantly different from zero. 

In the above tests, we have used S, as the contemporaneous spot price in 
calculating the volatility spread. Even though there is no reason to believe that 
there would be a systematic bias in our estimates, a concern may arise because 
S, is not observable at the time of the first transaction of the option, P, or C,. To 
address this issue, we simultaneously estimate the implied volatility and the 
implied spot price using the call and put options together. There are two 
equations, one for the call and the other for the put, with two unknowns, so that 
we can derive unique solutions for the implied volatility and the implied spot 
price. Then, the following regression is estimated to test the predicting power 
of the implied spot price: 
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Table 3. Relationship between Implied Volatility Spread and the Spot Price 
Change. 

The following regressions are estimated using at-the-money August and December 199X options 

Spreud=cr,+P, 

and 

Sprrud = OI 1 f p4 S? c 1 s, -I +e, 
where Spread is the vnlatility spread between call and put options’ implied volatilities. S, is the 
contemporaneous spot price in calculating the volatility spread and S,+ denotes the spot price 
immediately after the option transaction of t ime 1 and S; the spot price just prior to the npthn 

transaction. In the parenthesis are t-statistics. * represents signitioanct: at the level of 1%. 

SMlpk Observations COItSk7ttl Pi P+ 

August IWR options 1,429 O.cm IO 3.9264 
(2.528) (3.193)* 

0.00 I I -0.2552 
(2.733)” (-0.95X) 

0.0010 5.213 -2.950 
(2.5783 (2x65)* (-0.893) 

1.171 0.0018 3.121 
(2.154) (1.208)* 

0.0017 -0.8521 
(2.113) (-1 SK!) 

0.00 IX 4.252 -1.689 
(2.1 ICI) (2.824)’ (-I ,480) 

(1W 

where S: is the implied spot price. If the implied spot price has any predicting 
power for the upcoming price level, p5 would be positive. 

The results are reported in Table 4. The slope coefficient estimates are 
significantly positive for both August and December options. However, the 
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Table 4. Relationship between Implied Spot Price Changes and Actual 
Changes. 

The following regressions are estimated using at-the-money August and December 1998 options: 

where S: is the implied spot price. S,+ denotes the spot price immediately after the option transaction 
at t ime I and S,- the spot price just prior to the option transaction. In the parenthesis are t-statistics. 
* represents significance at the level of 5%. 

Sample 

August oprion 

Observations 

479 

constant PT 

- o.woo 0.2392 
(-2.528)3 (2.193)* 

December option 314 - o.ooQo 0.1915 
(2.154)* (1.908)* 

predictive power is not perfect, i.e. the coefficient estimates are far from one. 
The results suggest that the implied spot price only partially predicts the 
upcoming spot price. 

Implied Volatility and its Bias 

We have shown that the implied volatility in option prices will be upward 
biased if the option market leads the spot market, and that the bias will be 
higher, the higher the stock volatility. The empirical results in section 1II.B also 
suggest that new information is first reflected in the option prices. We now 
examine the magnitude of the biases of implied volatility due to the lead-lag 
relationship. 

Table 5 reports the summary statistics for the implied volatility, i.e. ISD and 
its implied bias.’ In totai, there are 1,829 observations for August 1998 call 
options, 1,807 observations for August 1998 put options, 1306 observations for 
December 1998 call options, and 1,235 observations for December 1998 put 
options. The average ED is 0.185 for August call options and 0.189 for August 
put options. For December options, it is 0.202 and 0,208 for call options and 
for put options, respectively. The differences of average ISDs between call and 
put options are statistically significant.‘0 These results are similar to those of 
Whaley (1986) for S&P 500 index options, and to those of Harvey and Whaley 
(1992) for daily volatility series for S&P 100 index options.” 
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From Eq. (5), we obtain the bias of the ISD as follows: 

More specifically, we estimate the bias per percentage change in the spot price 
as follows in Eq. (1 I ): 

Table 5. Summary Statistics of Implied Volatility end Implied Bias. 

lntraday data of August and December 1998 S&P 500 index options are used in the estimation. 
Contemporaneous spot indexes (prices) and T-bill rates with the same times to maturity 3s the options 
are matched. Implied bias induced by the lead-lag relation is measured as 

percentage change in spot index. The s;unple consists of 1 ,X29 observations for August 199X call 
options, 1,807 observations for August 1998 put options, LX06 observations for December I99R 
call options. and 1,235 observations for December 1998 put options. Augmented Dickey-Fuller unit 
root tests are performed for different models but reported only for lag of 2 with trend and constant. 
All the models indicate rejection of the hypothesis of unit root. 

Augusr /49X Options 

Call Implied 
Volatility 

Put Implied 
Volatility 

Hkls 

Partial Autocorrelation 
Standard -~~ Dickey-Fuller 

MGUI Deviation lag1 lag2 lag? lag4 lag5 unit root tesl 

0.18.5 0.022 0.89 0.28 0.17 0.15 0.07 ~ 9.90 

0.189 0.024 0.90 0.40 u.19 0.13 0.04 ~ II.16 

0.0033 0.0018 0.46 -0.09 -0.12 0.14 0.0s ~ 11.1 I 

Drct~mher I498 Oplimns 

Call Implied 0.202 0.021 0.80 0.23 0.15 0. IO 0.04 9.06 
Volatility 

Put Implied 0.208 0.024 0.9 I 0.27 0. I1 0.09 0.05 ~ 10.68 
Volatility 

Bias 0.0~~2s 0.00 I4 0.21 0.00 0.02 0.03 0.03 - 23.75 
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We use the bias of the ISD per percentage change in the spot price for three 
reasons. First, under the assumption of a lead-Iag relationship between the 
option and spot markets, the bias is roughly in the same magnitude as the 
percentage change in the spot price divided by the annualized time to maturity. 
Thus, the size of the bias is directly related to the size of the percentage change 
in the spot price, not to the true volatility that is unknown and is assumed to be 
constant. ” Second, the magnitude of the price change for a few seconds or 
minutes is very small and the square of this small number enters Eq. (5). Third, 
the bias would be more meaningful in the form of per percentage change in the 
spot price since the bias depends on the size of the spot price change which in 
turn varies with the length of time horizon. The bias in the form of Eq. (11) will 
be free from such a problem. The estimated bias is 0.0033 and 0.0025 for 
August options and December options, respectively, and both are statistically 
significant.” 

The ISD series have significantly positive serial correlations, but the 
autocorrelations eventualIy decline to zero at longer lags.14 The autocorrelation 
patterns are similar to those found in daily volatility series for S&P 100 index 
options (Harvey & Whaley, 1992), for Eurodollar options (Amin & Morton, 
1994), and for foreign currency options (Campa & Chang, 1995). The partial 
autocorrelations and the results of Dickey-Fuller tests show that the ISD time 
series are stationary and mean reverting. The partial autoconelations decline 
substantially after the first lag, suggesting that the implied volatility series 
follows an AR( 1) process. 

One point noteworthy is that although the results show statistically 
significant biases in the implied volatility due to the lead-lag relationship 
between the stock index and its option markets, the bias does not appear to be 
economically significant, being generally less than a few basis points, at least 
in the sample. 

4. CONCLUSION 

We show that if a particular lead-lag relation exists between the option and spot 
markets, the implied volatility in option prices can be biased depending on the 
level of the true volatility. The higher the true volatility, the more upward 
biased the implied volatility will be, if the option market leads the spot market. 
Using intraday data of the S&P 500 index options, we show that the option 
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market leads the spot market. More importantly, the implied volatility is biased 
due to the lead-lag relationship. 

However, we examined only the S&P 500 index options for a small sample 
period in this paper to test our theoretical conjecture. The degree of 
pervasiveness of the lead-lag relation between the spot and option markets, and 
the economic significance of the bias of implied volatility in option prices due 
to the lead-lag relation should be tested in further empirical studies across 
different samples for longer time periods in the future. In addition, there are 
other well known factors that may affect the implied volatility in option prices 
such as measurement errors in index prices, stochastic volatility of underlying 
asset returns, jumps in returns, correlation between asset price and volatility, 
and volatility risk premium, etc. The question whether the bias due to the lead- 
lag relation in this paper is comparable to that due to aforementioned factors is 
certainly interesting and should be addressed in future studies. 

NOTES 

I. Feinstein (1989) has formalized this intuition in the context wf the Black-Scholes 
valuation model with stochastic volatility. 

2. For instance, Latane and Rendleman (1976) show that the implied volatility 
predicts future volatility better than the estimators based on historical price data. Patell 
and Wolfson (1979) provide evidence that the implied volatility provides important 
information for annual earnings announcements, Day and Lewis (1988) show that stock 
index option prices reflect increases in the volatility of the underlying index at both 
quarterly and nonquarterly expiration dates, and that the behavior of the implied 
volatilities is consistent with an unexpected component of the increase in volatility. 
Fleming (1998) shows that the best available proxy for the stock return volatility is the 
volatility rate implied by the preceding day’s option prices, 

3. For example, for the lead-lag relation between the stock and futures markets, see 
Finnerty and Park (1987), Kawaller, Koch and Koch (1987), Stall and Whaley (lY90), 
KLeidon and Whaley (1992), Min and Najund (1999), and Frino, Walter and West 
(2000). 

4. For simplicity, we do not address the nature of information. Even if we vary the 
probabilities of up and down price movements, the result should remain unchanged. 

5. Note that the second derivative of the BS formula with respect to the implied 
volatility is close to zero for at-the-money options since the BS formula is 
approximately linear for at-the-money options. Later our analysis is based on at-the- 
money options. 

6. The daily dividend yield is defined as current annualized dividend rate calculated 
on rolling l2-month basis and anticipated annual dividends. 

7. The approximate variance measure of the spot market is annualized by dividing 
it with At. In this way, we can account for the different time intervals between 
transactions and make the spot volatility measure comparable to the ISD. If S, and SF , 
are the same, the observation is excluded in the regression. 



282 PHELIM I? BOYLE, SOKU BYOUN AND HUN Y. PARK 

8. Only call options are tested because the theoretical arguments in section 11 are for 
call options. 

9. The bias here occurs only due to the aforementioned lead-lag relation between 
the options and spot prices. Note also that the bias is estimated using implied volatility 
and other observable variables in the option pricing model. In the absence of the 
knowledge about the true volatility, the bias is called “implied bias” as opposed to the 
bias from the true volatility. However, for parsimony, it is referred to as “bias” without 
specification of “implied”. 

10. The difference of means is 0.004 and the standard deviation of the difference is 
the sum of the mean standard deviations divided by the square root of the number of 
observations, assuming independent and identical distributions. The standard deviations 
of the differences are only 0.0012 and 0.0013 for August and December options, 
respectively. 

11. Harvey and Whaley (1992) suggest a possible explanation: “purchase of index 
put is a convenient and inexpensive form of portfolio insurance. Excess buying pressure 
of puts (relative to calls) may cause price to increase, resulting in implied volatility 
estimates from put prices that are higher than those from calls.” 

12. Note that unless the price changes, there would be no bias, according to Eys (4) 
and (5). 

13. We. have actually run the following regressions to test the relationship between 
the ISD bias and the Ieve of volatility: 

2 Bias=cw+P +E: (A), BE’Rs=(Y+P ‘+e:(B) 

The coefficient, p, is significantly positive in (A) whereas it is close to zero in (B). The 
independent variable in (A) and (B) is a measure of percentage change in the spot price, 
which is itself a major component of the estimated bias in Table 5. Since the bias is 
roughly equal to the percentage change in the spot price divided by the time to 
expiration, the positive and zero betas in (A) and (B), respectively, are expected, given 
the results in Table 5. The regression results of (A) and (B) indeed support it. The results 
are not reported in the paper but will be available from the authors upon request. 

14. The serial correlations are not reported in the paper to save space but will be 
available upon request from the authors. 
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SYNDICATIONAMONGVENTURE 
CAPITALISTS: WHENANDWITH 
WHOM 

Amit Bubna 

ABSTRACT 

Venbure capitalists have both a pre- und post-investment role in their 
portfolio firms. lf their pre-investment due diligence is non-verijable. 
second opinion has to be obtuinedfrom those who cun become syndicating 
partners and benefit from investment. But these partners are also potential 
competitors. Using a moral huzard model emphasizing information 
generation rather than information revelution, we study how thesejactors 
u#ect the “lead” VC’s syndication decision and the eficienq of h.i.s 
decision. Moreover the size and composition of VCs’ network of contucts 
help derermine the intensity of eff;rt in due diligence and provide 
conditions for the choice of one VC over another 

1. INTRODUCTION 

Venture capital has been an important source of funds for businesses in early 
stages of operation.’ Such businesses may not have a product or a proven 
customer base, no financial history, nor any plant, machinery or property. 
Sources of funds, like banks or equity market, are seldom an option for them.? 

The VC industry is characterized by a substantial amount of syndication.-’ 
VCs do deals together. Based on the VentureOne dataset, the mean VC 
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syndicate size between 1990-1995 was 3.6 (see Gleba, 1995). In another 
sample of privately-held biotechnology firms between 1978 and 1989, the 
mean number of investors in the first, second and later rounds of financing was 
2.2, 3.3 and 4.2 respectively (see Lerner, 1994, Table 1). 

In this paper, we study the issue of syndication in VC industry. In particular, 
what factors affect the lead VC’s decision to syndicate? How is his choice of 
a syndicating partner determined? 

Given the lack of operational history or observables among start-ups, venture 
capitalists (VCs) face a severe information problem in their financing decision. 
Thus, they expend significant effort and substantial resources in evaluating the 
business plan prior to investment. This “information gathering” activity is 
referred to as “due diligence” in the industry.’ VCs also tap each other for 
information. Due diligence by another VC takes the form of a “second 
opinion”.h 

Apart from being a source of funds and originators of information, VCs are 
also repositories of skills. They usually have a network of contacts, leads, and 
reliable sources of intelligence and verification. Small companies require 
nurturing eve.n after financing.7 They need frequent contact with other CEOs, 
customers, and suppliers - a lot of these are provided by the VCS.~ Their 
participation in a project “adds value”. For convenience, in the paper, we shall 
interpret this value-adding ability or skill to be their network of contacts. 

Inadequate funds and risk diversification are two commonly suggested 
reasons for syndication. The analysis instead emphasizes the dual role of VCs 
- pre-investment due diligence and post-investment value adding - together in 
explaining syndication.” Given that most VC funds are fairly large, inadequate 
funds, taken literally, is unlikely to be a valid reason for syndication, and even 
more so for start-up financing.“’ Our analysis can be interpreted as including 
the benefits from risk sharing.” 

In the absence of any conflicts, all partners in a deal want lo maximize 
returns from the project. This depends on the value-adding skills inherent in 
each VC. The lead VC would thus choose as partner a VC who has the largest 
network of contacts, and the VCs would put in maximum due diligence. 
However, since a VC requests due diligence from other VCs who are potential 
competitors, there arise possibilities for conflict pre-investtnent. Since all 
participants in a deal bargain over the share of the pie after due diligence but 
before investment is made,‘” their bargaining power is determined by their 
value-adding skills (or network of contacts). The latter influences a VC’s effort 
at due diligence as well as the lead VC’s choice of syndicating partner.‘” 

Assuming that due diligence is non-verifiable, we show that due diligence by 
the syndicating partner increases (decreases) in the size of the lead VC’S 
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network, if the former VC’s bargaining power increases (decreases) with a lead 
VC’s larger network (Proposition 1). This in turn affects who the lead VC 
chooses to syndicate with. 

Apart from the size of their respective networks, the lead VC’s choice of 
partner also depends crucially on the com~nsifiun of their networks or skills. If 
larger VCs have specialized skills, there are strong gains for them since each 
can benefit from the diversity of contacts (i.e. complementarity) they bring to 
the coalition (Proposition 3 ~ Birds of a Feather Flock Together). If, on the 
other hand, these skills are generic (or, non-specialized), there will be greater 
overlaps (i.e. substitutability) when VCs with larger skill sets syndicate. This 
makes potential partners with large networks (vis-a-vis those with small 
networks) less attractive to a lead VC himself with a large network (Corollary 
2 ~ Opposites Attract). 

Finally, given the endogeneity of due diligence and partner selection, we 
consider the lead VC’s and the social planner’s decision to syndicate. This 
paper suggests that syndication decision cannot be properly understood by only 
looking at one role of a VC (say, due-diligence) and not the other (value- 
adding) role. 

The remainder of the paper is organized as follows. The next section outlines 
the basic model. Section 3 derives the expected payoffs from the bargaining 
game between the two VCs and the entrepreneur, once the due diligence is done 
but before the investment is made. In Section 4, we study the syndicating 
partner’s effort decision, while in Section 5. we consider the lead VC’s choice 
of syndicating partner, assuming that they decide to syndicate. In the 
subsequent section (Section 6), we discuss the syndication decision. Section 7 
concludes the paper. 

2. BASIC MODEL 

An entrepreneur with no wealth has a project which requires a one-time 
investment of I in the first period. There are two possible states - success (G for 
“good”) when the gross payoff is X=x or failure (B for “bad”) with X= 0, 
where x > I> 0.” The payoff x takes different values depending on the identity 
of the participants (namely, entrepreneur and investors) in the project. This will 
be discussed later. Let the riskless rate of return be normalized to zero. 
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Injbrmation and Technology 

Let y c 1 be the prior probability of success of the project, and we assume this 
is conmron knowledge for all the participants. ” 

An investor may acquire information about the project. This is what we also 
refer to as “due diligence” in this paper. This involves using an information- 
gathering technology consisting of a random signal,” S. It can take two 
possible values, s=h (high) and 1 (low), i.e. SE SE {h,l). The Markov matrix 
of the probability of a signal conditional on the project type, P(s 1 x), is given 
below.” 

X s=h s=E 

B I-P, PB  

where pi l (0,1), Vi= G,B. We can interpret pti to be an investor’s ability to 
choose “star” projects and ps as her ability to recognize “failures”. These are 
indices of the accuracy of her signalling technology. 

Irtvestors 

The entrepreneur approaches potential investors (venture capitalists), each with 
a fund of at least size l, for project financing. Without loss of generality, we 
assume that VC, receives the project (business plan) from the entrepreneur.” 
However, VC, may choose another venture capitalist (referred to as VC,) from 
the pool of investors. I9 Both VCs and the entrep reneur are assumed to be risk- 
neutral in income.*” 

Only VCz, not VC,, is required to generate information about the project (i.e. 
conduct due diligence).” Greater the effort at due diligence, more accurate are 
the signals. In this paper, we assume that the amount of effort put in 
information-gathering affects the VC’s ability to pick “winners”. Thus, we use 
p(; as an index of due diligence.‘* Due diligence requires substantial resources, 
particularly time. Let the total cost of this activity, borne by VC,, be given by 

k& the function, c@(;) = -l; k E(O,~) is an index of how busy the VC is, and is the 

same for all VCs. Thus, c’(p,) >O and c”(p,)>O.‘” There is moral hazard in 
VC2’s effort, which we assume to be observable but non-verifiable (and hence, 
non-contractible).*’ 

Venture capitalists bring not only funds to a project but also substantial 
contacts, experience and expertise. Let Z be the set of these “skill” 



characteristics. Thus, each z’ EZ represents a particular VC (i.e. VC’ ) with those 
skills, and they determine the return from the project, once the project ih 
undertaken. If the project is “good”, let the gross return from a coalition 
between the entrepreneur and VC; be given by &(z’)E~~, the set of possible 
gross returns. However, VCs with different skills may have the same gross 
return. Thus, we define zz = {z’ 1 &(z’) =x~,~,V? ) as the set of VC,‘s who have 
the same gross return, x,)? when undertaking the project with only the 
entrepreneur. Similarly, each lead VC is also represented by his skills. For 
simplicity, we assume that each skill set generates a unique gross return when 
the project is undertaken by the lead VC and the entrepreneur, given by x,~, ,” 

When two VCs (represented by ,r,), and &(ji)) get together with the 
entrepreneur, the gross return from this larger coalition would depend on 
the nature of interaction or the degree of overlap between their skills. Let the 
gross return be given by ~(~~,,,~?(z’),t(x,,,,z )). where E(.Y,,,,z’) stands for 
the nature of overlap. Thus, it is possible that two VC,‘s who had the same 
return without VC, may generate different returns in VC,‘s company, i.e. 
~(x,,,,~?(z’),~(~,~~,~.‘))fg(-~~~,,~~(z’ ),E(x~,,,? )). where z’.zi tz2.“’ From VC,‘s point 
of view, when choosing a partner from among all VC’,‘s whose Z’EI?, he would 
choose Z’E arg max R(.~~~,,~?(~‘),E(.~~,,,z~)). Thus, for all 5: E E2, VC, chooses a 
VCI whose skills maximize the gross project return, given .T,,~. Assuming a 
unique maximum of g(+,,&(z ),+II,;‘)), we can represent each VC, with skill 
r7 7 _ by -G?. Let this frontier be given by Y(x,,,,u,,,), and we assume that it is 
continuous and differentiable. This represents the gross return from a larger 
coalition between the entrepreneur and the two VCs, where x0, is the gross 
return when the project is undertaken by the entrepreneur and VC,. Thus, in the 
rest of the analysis can be carried out using gross returns rather than skill 
characteristics of each VC. 

A.wurnplion.s 
( 1) Neither of the VCs can invest without the entrepreneur in the project. This 

is quite realistic, given that VCs cannot exclude the entrepreneur, at least 
in the first round of funding. The entrepreneur’s outside option (without the 
VCs) is normalized to zero. This assumption is relevant for the bargaining 
game which we discuss in the next section. 

(2) We assume that a contract among the parties involved is written only after 
the lead VC has decided to undertake the project.‘7 Moreover, the 
entrepreneur is not allowed to approach more than one VC for due 
diligence, unless the negotiations fail.” VC, controls the syndication 
decision. 
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(3) A coalition with two VCs has a higher return than a coalition with only one 
VC: Y(x,,,,x& 2 x,,, Vj= 12, strictly equal if x0, = 0 (where i #j). An extra 
VC adds positive value to the project return. We assume that the 
entrepreneur’s role in any coalition is constant. Thus, xiv proxies VCj’s 
value-adding skills or network of contacts. Any increase in x(,~ reflects 
larger network of VC,, and not of the entrepreneur.29 However, x,? says 
nothing about its compnsifion or nahure of skills (for instance, whether 
these skills are generic or more specialized). Assume that a more skilled or 
“better” VCj (and hence higher X&I increases the return from the project 
under the larger coalition of three players, irrespective of the (non-empty) 
skill set of the other VC.‘” So, Y,,Y, > 0, where the subscripts stand for the 
first partial derivatives with respect to the corresponding variable. We 
assume that the marginal contribution of VCl’s skills to the return from a 
large coalition decreases in her own skills, i.e. YT2 < 0. 

These can be explained through Fig. 1, In panel (a), A (B) represents the 
members in VC,‘s (VC,‘s) network of contacts which give a gross return of 
x,,, (xOJ with the entrepreneur. However, in panel (b), both VCs participate, 
so that their skills together yield E and it is more than the payoff from their 
individual networks. In panel (c), when compared to VC with skill set B, 
if V, chooses a VC, with a larger network of contacts, given by the dashed 
lines, from the pool of VCs, there must be at least one new contact who 
does not overlap with VC,‘s own set of contacts. Thus, Yz ~0. This 
indicates that the composition of VC,‘s enlarged network vis-l-vis the other 
VC is such that not all new members are redundant for the coalition. 
Alternatively, VC, acquires some specialized skills, which are thus less 

Y>A 
Y>B 

Panel (a) Pad @) Panel (c) 

Fig. I. Networks. 
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(4) 

likely to overlap with those of VC,. Greater the overlap, more the generic 
skills acquired. 

For an observed signal, s, we define II,,(s) to be the expected net return 
from investment in a small coalition with only the entrepreneur and a VC,, 
and I&,&Y) that from a larger coalition with both VCs and the entrepreneur. 
We remove the brackets if no information is gathered. Thus, 

II,,&)=E(X 1 s) -I= P(G 1 s)Y- I (1) 
It is the expected return from a project after signal s has been received by 
VC, and both VCs participate in the project along with the entrepreneur. 
W.l.o.g, we assume that given the prior, y, it is profitable for VC, to invest 
only with the entrepreneur (without any more information), i.e. II,,, >O. 
Moreover, it is only worth investing if s= h, i.e. I&,,,(h)> O> III1,,Z(l). 
Plugging in the values from (l), these assumptions impose restrictions 

I 
on parameters, satisfying <x,,, and -.!!L , . ..Y- y 7 J > ‘-7 pfi 
respectively. Y l-p,; (1-y) 1 PC; ’ 

Timing of Events 

At date t=O, VC, receives a business plan for investment. Given the prior, y, 
he decides whether to accept the project and undertake it alone (F for Fund) or 
seek information from another VC (SI).“’ Thus, at t = 1, he chooses an action 
a E { F,SZJ = A as well as VC, from a pool of VCs who differ in their skills or 
size of their networks.“’ 

If u SL SI, the game ends at t = 2 and the payoffs are realized. If he plays a = SI, 
the game goes to VC, who receives a signal about the project after she 
conducts due-diligence at t =3. Then, at t=4, if investment is undertaken, the 
entrepreneur and the two VCs bargain over the expected net return from 
investing in the project. Given that information has already been gathered, this 
bargaining depends on the post-investment value-adding skills of the two VCs. 
At t = 5 (or last period), the payoffs are realized. The time line is as follows: 

t=o t=l t-2 t=3 t-4 t-5 

I 

VCl gets VCI chooses a If SI, vc2 gets vc2 puts Effort observable Payoff 
project and VC2 business plan; unverifiable but to all; Bargain over WallZCd 

otherwise payoff observable effort; net payoff 
Signal received 

Fig. 2. Time Line. 
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3. BARGAINING 

We can solve the problem by backward recursion, Once VC, has obtained a 
signal, she chooses to come to the negotiating table if and only if the project 
has a net positive payoff. By Assumption (4), this is so if s=h. Thus, VC2 
reveals her information by her action - i.e. whether she comes to the 
negotiating table or not.“’ Her effort is observable though not verifiable. 

Cooperation lies at the heart of syndication in any economic activity. This is 
particularly so in venture capital where the investors care deeply about their 
returns.“4 However, each agent’s share in the net expected return must be 
determined prior to the project being undertaken. The agents bargain over the 
expected net payoff from the project, l&,,(h), if VC, gets a high signal. 
Bargaining is assumed to be costless. 

When agents in a coalition negotiate, the payoff allocations that they 
ultimately get should depend on the payoffs they would expect if the 
negotiations were to fail (zero for all agents, by Assumption (1)) and on the 
payoffs that are jointly feasible for the agents in the negotiation process. 
However, this does not allow for the possibility of cooperation among subsets 
of the agents.3” With the information revealed to be high, there lies room for 
threats by the players. For instance, the lead VC has to explicitly account for 
the possibility of VC, breaking away from the coalition and redistributing the 
payoff, p(G / WG,, - I, between herself and the entrepreneur (who cannot be 
excluded, by Assumption (1)) so that VC, is worse off (with payoff zero). In 
order to sustain the larger coalition (of three), no agent (VC, or VC2) must have 
the incentive to break up the coalition and steal the project away. 

This is one of the most interesting aspects of syndication in venture capital. 
Given the lack of adequate incentives, VC, is usually unable to seek 
information from other sources. Other VCs are thus tapped for information- 
generation. However, these other VCs are also potential competitors for the 
lead VC. Syndication in VC industry creates its own dynamics where there is 
need for cooperation among potential competitors. This is most clearly evident 
in the bargaining stage. 

The bargaining solution we use to determine each player’s payoff is the 
Shapley value.‘” Given that the signal is common knowledge before 
negotiations begin and that the beliefs are identical (since effort is observable), 
the basis for bargaining lies in the contribution of an agent in the form of “value 
added” subsequent to investment. Moreover, Shapley value takes account of the 
disagreement payoffs for each permissible coalition of a subset of agents. Thus, 
following Myerson (1991), we can calculate the Shapley values in the large 
coalition to be as follows: 



Syndicrrtion Among Kwturc Capitalists: When and With Whom 2Y3 

For VC,, 

(2) 

where we substitute II, ,(h) with its definition. Similarly, 

y - &I VC?: U&5) = P(G 1 h)V, - L, where Vl = .- 3 ~- + xi’ 

21 
Entrepreneur: U,,(h) = P(G 1 h)V,, - j, where v,=: + ‘x~“‘l’ (5) 

Note that, Y= Y(x,,,,x,,,). Also, V, SO, and U, >O, tli=O,l,Z, by Assumptions (3) 

and (4) respectively. This suggests that V, - 
I 
6 

>O, Vi= 1,2. Thus, the greater 

the gross payoff that a coalition of VC? and entrepreneur (x,J can ensure, for 
instance, the larger is the share that VC, has to be willing to give up in the 
bargaining problem. Thus, x,)? is also an index of VC?‘s ability to “steal the 
deal” once information has been gathered and shared.17 

When VC, chooses not to approach VC, nor seek information at t = 1, he 
bargains over the net returns, II li,. with the entrepreneur. The Shapley value of 
this bargaining game is the same for both, and is given by 

& u,)=u, =- 
2 

In the VC industry, two VCs entering a deal at the same time are given the same 
valuation for the shares, In other words, the price paid per share of the firm is 
the same for the two VCs. We can reconcile the Shapley values with the 
common valuation received by all parties for the firm’s shares as well as the 
relation between their respective investment and number of stocks. This is so 
because the Shapley value does not determine the investment shares of the two 
VCs. Thus, we can conduct the rest of the analysis in terms of the Shapley 
values, 
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Lemma I m,, The (common) price per share, T = ~ - and VC, ‘s investment 
u, +u, 

IV share, I, =- 
u,+u, 

give as payoffs the Shapley values for the three agents 

determined above. 

Proof: See Appendix. 

4. MORAL HAZARD AND DUE DILIGENCE 

Moving backwards to 6=3, VC, chooses the amount of due diligence to 
undertake, before she can decide whether to invest in a project or not. In this 
paper, pr; is the choice variable for VC,‘s effort, Greater the effort in due 
diligence, more likely it is that the VC will get a high signal if the true quality 
of the project is good. The cost of effort is c&.). 

First-best 
By Assumption (4), the project is worth investing in if VCz receives a high (h) 
signal. The first-best level of due dihgence is determined by the following 
program: 

Max,,, VYG 1 WY - OP(W - @A 

where, P(h) = ‘ypc + (1 - y)( 1 - pB). So, the first-best effort, pgB, is given by the 
FOC, 

y(Y-I)-c’(p~)=O (7) 

The SOC for maximization holds since c”Q$‘) > 0. 

Second- best 
Since this paper is about information generation rather than information 
revelation, we assume that the signal received is revealed to the lead VC.” But 
effort in due diligence is non-verifiable (and thus non-contractible). Although 
there is cooperation once investment occurs, VC, chooses effort to maximize 
her own expected payoff in the pre-investment stage. Her maximization 
problem is of the form, 

Max,,, P(G 1 h)V, - i P(s = h) - c&J 
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The FOC is given by 

The SOC holds (since C” > 0) and p? =p&, ,xoJ,y) is the level of second-best 
effort in due diligence which implicitly solves Eq. (8). 

In the second-best scenario, VC, bears the entire disutility (or cost) from 
doing due diligence. However, the resulting information (whether the signal is 
high or low) becomes common knowledge and hence is useless as a bargaining 
tool for VC?. This drives a wedge between (net) social and VC:‘s private benefit 
from effort, leading to under-investment in due diligence. Thus, VC2 exerts less 
than first-best effort in due diligence. (See Appendix for proof.) This is one 
source of inefficiency in VC syndication. 

Proposition 1: Ceteris paribus, VC, decides to put in more resources (or 
effort) into due-diligence, 

(i) the weaker is VC,‘s threat of excluding VC? from the project (.i.e 
+,; 
ax-,, I 

-co), if Y, < I; the opposite holds if Y, > 1. 

(ii) the stronger is VC?‘s threat of excluding VC, from the project (i.e. 

{iii) the higher is the prior about the project (i.e. %4; 
a7 

>O). 

(iv) the lower is the required investment (i.e. $L ~0). 

(v) the lower is the marginal cost of due diligence (i.e. a; a; < o), 

PmoJ See Appendix. 

These comparative static results for second-best effort are explained below. 
(i) Given our assumption about the constant role of the entrepreneur, we can 

interpret (Y - xoi) as VC,‘s contribution when she joins the existing coalition of 
VC, and the entrepreneur to form a larger coalition. Similarly, VC,‘s value- 
added to the project in a grand coalition would be (Y - x,~J. 

How does the contribution of VC,‘s network change when VC, has a larger 

network? We can write Y, < 1 also as a(y-x,,,) ---- 
a-4,, 

---- < 0. Thus, Y, < I implies that in 
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the company of a “better” VC, (i.e. with a larger network and hence, higher 
x,,,), VC,‘s contribution to gross returns in the larger coalition is lower. Thus, 
if Y, < 1, VC, can be said to be “vulnerable” to VC,‘s network or skills. 
However, in the reverse case, if Y, > 1, she can be said to “shine” in the 
company of a larger VC,.” if she is vulnerable, it reduces her bargaining power 
and hence diminishes her incentive for greater due diligence prior to the 
bargaining game. VC, shirks in the company of a better lead VC. An opposite 
explanation holds when Y, > 1, and hence the result (Proposition I(i)). 

Figure 3 provides a specific example (and not a general case) for explaining 
the ideas of marginal contributions and overlaps. In panel (a), when VC, (with 
network B) joins VC, (with network A), the former’s contribution to the total 
payoff, I: is given by the wavy (tilda) region. This is because some of the 
members in VC,‘s network overlap with those in VC, (given by the 
intersection), and hence are redundant. In pane1 (b), the dashed lines show the 
increase in the size of the lead VC’s network. Thus, the same VC,‘s 
contribution is reduced by the starred (*) amount. This is because VC, with a 
larger network has more overlaps with VC,‘s network, which belittles the 
relative contribution of the same network of contacts brought by the VC, to the 
existing coalition. This is why we refer to a VC2 (in this example) as being 
vulnerable if Y, < 1. Finally, panel (c) shows a case where as VC,‘s network size 
increases, fewer members of VC,‘s network overlap with those in new VC,‘s 
network. This increases the contribution of the former, shown by the starred 
area. Thus, VC2 can be said to shine if Y, > 1. 

(ii) Higher x,,, increases VC2’s bargaining power, and hence her payoff (see 
Eq. (4)). This improved ability to “steal the deal” from VC, provides her 
incentive to put in greater effort. In other words, the marginal benefit from extra 
effort in evaluating the project is higher for VCs with greater value-adding 
skills. 

(iii) Higher is the prior information quality, y, the more likely it is that the 
signal will be a high one.4’1 The expected payoff from undertaking such a 
project is higher for VC2. Thus, she has the incentive to exert more effort to 
improve the accuracy of the signal and reap the benefits of a higher marginal 
gain from due diligence. This result suggests that, for instance, if a project is 
submitted by a previously successful entrepreneur (and hence, the prior 
probability of success is high), the VC will conduct a more rigorous due- 
diligence than otherwise. However, the extra effort put in will be less than in 
the first-best case, since the cost of extra effort is borne entirely by VC,, while 
its benefits are shared by all the players.4’ 

(iv) Greater the amount needed for investmenf, the lower the expected payoff 
for the VC. This reduces her incentive for more effort. This result seems 
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counter-intuitive. More investment may be expected to provide the VC with the 
incentive to undertake better due-diligence since more is at stake. But in this 
model, where the players bargain over the expected outcome, the VC’s 
bargaining power is unaltered by an increase in required investment while her 
payoff is reduced. Thus, there is lower incentive to get more accurate 
information through greater due diligence. 

(v) A VC with little time in hand bears a higher opportunity cost of time, and 
hence a higher cost of spending an extra unit of time in due diligence. This 
reduces her incentive for due diligence. In other words, all else remaining the 
same, a busier VC is likely to put in less effort in due diligence, as indicated in 
Proposition l(v).42 

5. CHOICE OF PARTNER 

In the previous section, we considered VC?‘s due diligence decision, taking her 
value-adding skills (or network) as given. Moving back one stage, VC, chooses 
his syndicating partner from a pool of VCs with differing skills (or network 
sizes) at t = 2, assuming he wants to syndicate the deal. He seeks to maximize 
his profits from investing in the deal. The choice of partner is important since. 
it determines the quality of information (pre-investment) as well as the 
contribution she can make to the project (post-investment), both of which affect 
his profitability. 

5.1. Optimd Partner 

As discussed in Section 2, each VC can be indexed by its contribution to a 
project when undertaken only with the entrepreneur - xol for VC1, and nliZ for 
VC2. From Eq. (3) [Eq. 4)], we see that, ceteris paribus, VC,(VC,)‘s payoff is 
higher for larger x,)) (x,J. Thus, each VC’s return is commensurate with its 
network size (not necessarily proportionately). VC,‘s choice of who to 
syndicate with amounts to choosing xilr, knowing that VC, chooses pG 
according to E.q. (8). His maximization problem can be written as follows, 



Syndication Among Venture Capitalists: Wheu and With Whom 299 

Plugging in the constraint and differentiating EU, w.r.t. x,,?, we get the FOC as 

=MB-MC=0 

where MB and MC are the marginal benefit and marginal cost respectively. 
Thus, the FOC shows two effects of .x,,>. The direct effect (MC) of higher xc,: 
affects VC,‘s contribution to a larger coalition through (Y - x,,,). There is also 
an indirect effect (MB) which works through VC2’s choice of effort. From 
Proposition 1 (ii), this indirect effect is positive. 

If Y2 Z 1, then ~faF r 0 (from Eq. (9)). In this case, x,Sz = max xi,?. As in the 

previous section, Y2 ‘2 1 implies that VC, shires in the company of better 
VC2.43 So, a better partner not only increases the lead VC’s benefit (through 
greater due diligence), but also decreases his cost (of information gathering). 
Therefore, he chooses the best available VC in the pool (i.e. with the largest 
network of contacts) as his syndicating partner. This is summarized in the 
following Proposition. 

P ropositinn 2: (Racing for the Star). If the lead VC shines in the company 
of another VC (i.e. Y2> l), he chooses the best as his syndicating partner. 
So, xii1 = max x0?. 

The choice of syndicating partner may depend not only on her network of 
contacts but also on her opportunity cost of due diligence. An extremely 
busy VC has a very high opportunity cost on her time (k=x) and she 
chooses the minimum amount of due diligence (from Eq. (8)). Thus, her 
effort in information generation does not increase even with better skills 

i 

+$;i 
-=O if k=m 

%3 i 
. However, the lead VC will continue to choose the best 

syndicating partner if he shines in her company. The due diligence role of the 
syndicating partner becomes secondary to her value-adding skills. On the other 
hand, if the lead VC is vlrlner&e to the skills of VC, (Y3< 1) and k=m, then 
he will choose the least skilled partner from the pool (i.e. one with the 
minimum skill in value-adding or the smallest group of contacts, min x,,~). The 
lack of due diligence eliminates the marginal benefit to VC, from choosing a 
better partner, while he still bears the cost of his vulnerability from 3 better 
partner. This is summarized in the corollary below. 
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Corollary I: A vulnerable lead VC (Yz c 1) chooses the least skilled 
partner if the available VCs in the pool have an infinite cost of due 
diligence (k = ~0, i.e. extremely busy). 

Proofi It follows from Eq. (9) above. 

We assume that k< cc. It is clear that for the equality in Eq. (9) to hold, VC, 
must be suficiently vdnerable to VC,‘s skills (i.e. Y2 is sufficiently smaller 
than unity).44 If so, then VC, has a disincentive to choose a VC, who adds value 
to the project since it considerably diminishes his bargaining power and hence 
his payoff. On the other hand, a better (i.e. with larger network) VC, has the 
incentive to exert more effort in due diligence, which in turn allows better 
investment decision. Thus, Eq. (9) shows thatVC, balances his marginal benefit 
from greater effort exerted by a better VC, with his marginal cost (in terms of 
lower bargaining power) from a better syndicating partner. For the rest of the 
analysis, we assume that the equality holds.“’ This gives ~(“,~=x~,,(x~~,,Z,y) as an 
interior maximum. 

The SOC for maximum holds, if L < 0, where 

By previous assumption+ Yzz ~0, Y2< 1. Also, with these assumptions, we can 

derive from Appendix (Proposition 1 (ii)), 9;’ ~0. So, SOC holds. 
,iz 

5.2. Comparative Statics 

Since xi2 is a function of x,,,, an interesting question arises regarding the nature 
of syndicating partners. How is a VC’s choice of syndicating partner affected 
by his own value-adding ability? We differentiate Eq. (9) w.r.t. x0,. and 
rearranging, we get 

-- - 

Proposition 3: (Birds of a feather flock together). Assuming Yz suffi- 
ciently smaller than unity, Y,z<O and Y, < 1, good (bad) VCs tend to 



Syndicutkm Amorrg Venture Capitalists: When and With Whom 301 

syndicate with other good (bad) VCs if they are complements (Y!, >O) in 

their value-adding capabilities. Thus, ?‘2 > 0. 
JX,,, 

Proof See Appendix. 

The intuition for the result is the following. The conditions that Y, is 
sufficiently smaller than unity (i.e. VC, is sufficiently vulneruhle) and Y,:<O 
ensure that there is an interior maximum x,,:. Otherwise, the choice of 
syndicating partner is unaffected by the quality of the lead VC’s value-adding 
skills. 

Y!, > 0 implies that VC,‘s marginal contribution to the payoff from the larger 
coalition (i.e. Y!, which is positive by assumption) is enhanced in the company 
of a lead VC with a larger network of contacts (i.e. higher x,,,), and by 
symmetry, the same holds for VC, . 

In Figure 4, the marginal contribution to the project return of a VCI with a 
larger network of contacts than B, is given by the dashed area in panel (a). 
Some of the contribution is lost due to overlaps in the networks of the two VCs, 
as shown by the starred area. This area is also an index of vulnerability of VC, 
with network of size A (see Fig. 1 for definition). Thus, a better VC2’s marginal 
contribution is the complement of the lead VC’s vulnerability. The skills of the 
two VCs are complementary if the overlap in their networks get smaller for 
larger VCs. In panel (b), the wavy (tilda) area shows how much VC,‘s marginal 
contribution increases (and VC,‘s vulnerability decreases) when VC,‘s network 
is larger than A. Complementarity suggests that smaller lead VCs may have 
more generic skills while the larger lead VCs reduce their generic skills and 
develop their speciaLed skills by even more. In this case, the former are more 
likely to have overlapping skills with a VC, than the latter. So, any VC? of a 
given skill set is likely to be more useful to the VC, with specialized skills. 

Thus, though VC, is vulnerable, his vulnerability diminishes as his own 
value-adding skills increase or as he becomes more specialized, if there is 
complementarity. There is a change in the composition, and not just in size, of 
the lead VC’s network relative to VC,‘s. Choosing a better VC as a syndicating 
partner imposes a cost on vulnerable lead VCs in the form of lower bargaining 
power. However, if there are complementarities in networks of VCs, “more 
skilled” lead VCs face a lower marginal cost (compared to “less skilled” lead 
VCs) of choosing “more skilled” syndicating partners, Thus, in equilibrium, 
they choose partners with larger networks so that MC and MB are equated (see 
Eq. (9)). But for a relatively less-skilled lead VC, the marginal cost of choosing 
a partner with much greater skills would be very high. Thus, hc must choose 
a less-skilled partner compared to thd chosen by a more-skilled lead VC, So. 
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in case of complementarities, we should see lead VCs with smaller networks 
pairing up with VCs with smaller networks, and those lead VCs with larger 
networks associating with VCs in similar class. 

Complementarity was a sufficient condition for the above result in 
Proposition 3. However, if lead VCs become “more skilled” (i.e. higher xuI) not 
by developing specialized skills but by gathering mostly generic skills, their 
skills will overlap even more with a given partner - they would be substitutes 
(see Fig. 4, panel (c)). Since lead VCs with larger networks become more 
vulnerable (compared to lead VCs with smaller networks) to better VC,, they 

would seek out less-skilled syndicating partners JKi,? 

( 1 ax;); 
<o . The benefits of 

choosing a better partner are outweighed by lead VC’s increased vulnerability 
to his partner’s network. In this case, lead VC with larger network will choose 
to syndicate with those with worse networks since there are not adequate gains 
due to them overlapping.‘” 

Comlla~ 2: (Opposites Attract). For Y, < 1, Y? sufficiently smaller than 
unity and Y?,<O. better lead VCs tend to syndicate with worse VCs iff 
their skills are sufficiently substitutable (Y?, 4 0). 
Pro& See Appendix. 

Thus, the compo.sition of a lead VC’s network relative to that of other VCs 
plays the crucial role in deciding whether he will syndicate with more- or less- 
skilled partners. Size of a VC’s network alone need not say anything about its 
composition or about the variety of skills available from these contacts. 

In a sample of VC investors, Lemer (1994) finds that VC firms in the largest 
quintile (in terms of size of fund) syndicate about 50% of their first round 
financings with other VC firms in the top two quintiles. Similarly, the firms in 
the smallest quintile syndicate about 43% of first round financings with other 
firms in the same quintiie.J7 Similar pattern, though less pronounced, is visible 
in other financing rounds. This paper suggests that this co-investment pattern 
has its basis jn specialized skills among larger venture capitalists (i.e. 
complementarities). Size per se is inadequate for explaining these empirical 
iindings. Thus, larger VCs seem to nurture specialized skills which distin- 
guishes them from others. 

The database of VC portfolio analyzed in Bygrave and Timmons (1992) 
shows the extent of connectedness”* amongst VCs. In this sample, the 
connectedness of the “top 21” high-tech firms” was as high as 37%. The 
connectedness is much higher, at 69%, for the nine California “top 21” high- 
tech firms. This is not surprising since large VC firms in California, especially 
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in Silicon Valley, are reputed to possess very specialized, and hence 
complementary, skills. Thus, this paper provides a theoretical basis for these 
empirical findings of co-investment activity among large VCs. 

6. SYNDICATION DECISION 

After getting the project from the entrepreneur, VC, decides at t= 1 whether to 
undertake the project without further information, or seek more information 
from another VC and syndicate. Thus, he weighs his private benefits from not 
syndicating and syndicating. For this analysis, we assume that there is an 
interior maximum for the lead VC’s choice of syndicating partner, i.e. YZ is 
sufficiently smaller than unity and Yzz < 0. 

Using Eqs (3) and (6), VC, will decide to syndicate with another VC if 

Substituting P(h), we can write this as 9, 

w=ypcvl - (-ypu+(l -y)(l -pH)); -‘“2’-’ 20 

(12) 

(13) 

It should be noted that since the model is solved backwards, the lead VC will 
take p(; and x,,: as endogenous variables. 

If Y, is sufficiently small (e.g. Y1 < 1), an increase in VC,‘s network of contacts, 
(i.e. higher xliI) increases his non-syndication payoff (11,) more than his 
syndication payoff (Cr,) - the term in square brackets is negative. The incentive 
to syndicate is further influenced by the secondary effect of a higher x,,, via the 
effort exerted in due diligence by VC, (last term). If Y, < 1, VC2 is vulnerable 
to the lead VC’s skills, and thus has a lower incentive for due diligence (from 
Proposition l(i)). This diminishes the expected project return and hence VC,‘s 
expected syndication payoff too. “’ Thus, a better lead VC has a lower incentive 
to seek further information and syndicate, The opposite results holds for 
sufficiently large Y, - lead VCs with larger networks are more likely to 
syndicate because of greater due diligence by VC, as well as his high marginal 
contribution (Y,) under syndication. The results, summarized in corollary 
below, do not depend on whether the abihties of the VCs are complements or 
not. The proof follows directly from Eq. (14). 



Cnrollar~ 3: if Y, < 1, then a better lead VC has a lower incentive to 

syndicate (i.e. yq <O). But for sufficiently large Y,, the reverse holds (i.e. 
dY h,, 
-.- >O). 

%,I 

Again, to consider the effect of higher investment ievels on the lead VC’s 
decision to syndicate, we differentiate Eq. (13) w.r.t. I, and get 

An increase in the level of investment required for the project reduces VC,‘s 
payoff both under syndication and non-syndication. However, the latter effect 
dominates so that the incentive to syndicate is increased. The explanation is 
based entirely on the need for better information, rather than lack of adequate 
funds. 

Cornllarq 4: Higher investment increases the lead VC’s incentive to 

syndicate; 
tdY 

>o. 
di 

Pmof. SW Appendix 

So far, we have assumed that the syndication decision was made by the lead 
VC. This VC’s decisions were influenced not by the social benefits but by his 
private benefits from syndication, leading to a second-best situation. Instead, let 
the syndication decision be made by a social planner. However, we assume that 
the choice of syndicating partner and the partner’s due diligence decision 
continue to be made by the respective agents.” Thus, we have the same x,‘,? and 
i’:!i in the planner’s problem too. 

The expected payoff from investing without VC, in the project is given by 
II,,,, which is positive by Assumption (4). However, the expected payoff from 
syndicating is given by 

rv’ = rIi,,?(h)P(h) 

= -y$Y - lP( 11) 

Thus, the social planner would syndicate if 

(16) 
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Simplifying this expression yields 0, defined as 

@  = y[pgv - x,,,] + IP(f) 2 0 (17) 
Comparing Eqs (12) and (16) we see that, in a situation of no syndication, 
VC, ‘s payoff (given by RHS of Eq. (12)) is lower than the total project returns 
(given by RHS of Eq, (16)). In the second-best (no planner) case, a share of the 
total returns (given by the Shapley values) goes to the entrepreneur. The same 
is true when there is syndication. Thus, there m ight be over- or under- 
syndication vis-a-vis the social planner’s syndication decision. 

Proposition 4: The lead VC’s propensity for syndication is not more than 
that of the social planners2 
Proof: See Appendix. 

VC, prefers to not syndicate a project whenever the planner chooses to not 
syndicate. However, for some parameter values, VC, does not syndicate even if 
it is socially desirable (i.e. from the planner’s perspective). There may thus be 
under-syndication by the lead VC, but not over-syndication. This is another 
source of inefficiency in syndication in the VC industry, the first being 
inadequate due diligence. 

Corolfuly 5: If “opposites attract” (i.e. z!<O), then a better lead VC’s 
ill 

private disincentive for syndication is greater than the social planner’s 
a@ nT 

disincentive for syndication (i.e. ~ -< ~ ~0). 
f&l a”% , 

Proof: See Appendix. 
A lead VC with larger network of contacts has a lower incentive to syndicate 
if the syndicating partner is vulnerable (from Corollary 3). However, this 

decision is unaffected by 2 since it is internalized by the lead VC. But the 
Ii1 

social planner’s syndication rule must account for the effect of a better VC, on 
the choice of his syndicating partner. If they are sufficiently substitutable (SO 

that a4,2 --<O, from Corollary 2). then it further reduces the social planner’s 
h,! 

propensity for syndication when a lead VC has a larger network of contacts. On 
the other hand, if the lead VC has a smaller network (or is less skilled), social 
planner will seek to syndicate more than what the lead VC would. In such 
cases, measures to promote syndication on the part of the social planner would 
be in order. The social planner could provide policies to enhance the skills or 
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networks of VCs. Thus, whether syndication is desirable (from a social 
planner’s perspective) depends crucially on the linkages between and the 
composition of partners’ skills or networks. 

7. CONCLUSION 

The analysis in this paper has focused on the formation of syndicates in venture 
capital industry. We consider first round financing for a new venture. The 
entrepreneur is assumed to be unable to undertake the project on her own, and 
thus approaches an investor to be the lead VC. We show that although the lead 
VC may take up the project as stand-alone investment, he is more likely to 
syndicate the deal if the required investment is higher. However, if a partner is 
vulnerable to the lead VC’s skills, the latter is less likely to syndicate if his own 
value-adding abilities are higher. Assuming there is syndication, good VCs are 
likely to syndicate deals together, if their value-adding abilities are com- 
plementary. But “good” VCs are likely to syndicate with “bad” VCs (i.e. 
opposites attract), if and only if their skills are suficieatly substitutable, The 
entire analysis is based on moral hazard in due diligence pre-investment on the 
part of the syndicating partner. Thus, this asymmetric information model 
emphasizes the dual role of risk-neutral VCs - due diligence and value-adding 
- in the syndication process, as well as the inter-linkages between the skills or 
networks of the VCs in adding value to the project. It also highlights the 
inefficiency in syndication on two grounds - under-effort in due diligence, as 
well as potential under-syndication. 

There are some interesting policy implications of these results. Small and 
innovative firms constitute an important sector for a nation’s economic growth. 
Given their very nature, they tend to be rationed out of the market for funds. 
Providing investible funds is often inadequate to ensure their survival, as seen 
by the failure of US government’s SBIC program. This paper suggests that 
there needs to be a concerted effort to improve the skills required to undertake 
due diligence. For instance, resources need to be expended for improving the 
knowledge base of these evaluators so that they may be better able to 
understand new technological breakthroughs and also identify their commer- 
cial viability. Furthermore, measures should be adopted to put in place better 
channels of information-exchange and communication. To this end, trade 
seminars and conferences need to be encouraged among potential investors. 
These will promote greater syndication and hence improve the returns from 
investment. An example is the 128 Venture Group, named for its location in the 
Route 128 high-technology region, which serves as a forum where actors 
interested in creating new technology ventures meet to pursue complementary 
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interests (Nohria, 1992). These are also relevant for developing countries and 
aid programs of international development agencies (like the World Bank). A 
better task force would attract large VC funds to seek out syndicating partners 
from these countries where they may want to invest. 

This analysis could also be extended beyond the venture capital industry. 
Joint activity is common in most spheres of economic life. For instance, firms 
cooperate in their pursuit of new technology and product development through 
R&D ventures.‘” In these situations too, one has to address the issues of when 
and with whom to pair up, as has been done in this paper. 

We have ignored the role of the entrepreneur, except as the originator of the 
project. Naturally, this leaves out several important issues that may be related 
to an entrepreneur - her choice between different sources of funds, preference 
for debt, equity or other forms of finance, the strategic interplay between her 
and the financiers, among others.“’ Moreover, we assume that there are only 3 
players in the coalition. But often, there are more than just three. The number 
of syndicating partners should be a choice variable of the lead VC. This paper 
also ignores other factors that could be important in the decision to syndicate, 
namely, size of the VC fund, and the degree of competition in the market for 
projects. Syndication in subsequent rounds of financing brings up additional 
issues of incentives and asymmetric information.“” Thus, this paper scrapes the 
surface of the myriad of issues involved in syndication in venture capital. It is 
Ieft for future research to delve into these issues at greater length. 

NOTES 

1. In 1996, about 37% of United States’ venture capital investment went to start- 
ups. See Economisr (p. 5 I). 

2. The lack of adequate collateral makes bank loans difficult to secure. The equity 
market requires firms to be of a minimum size and to have an established marketable 
product. Most of these characteristics are missing from start-ups. 

3. We define syndication loosely to mean sharing amongst VCs of net returns from 
a project. 

4. We define “lead” VC to be the one who receives the business plan from the 
entrepreneur and who makes the syndication decision. 

5. It is suggested that VC firms invest in one deal for every 100 business plans they 
receive. Interestingly, this ratio was about the same for the first organized private equity 
firm, ARD. In its first four years (1946-1949), it finally funded only 16 of the 3,000 
applications it received for financial assistance. See Fenn, Liang and Prowse (1995). 

6. Conversations with several VCs in Silicon Valley have confirmed the importance 
of information exchange amongst them. 

7. A study by Gupta and Sapienza (1988) shows VC firms investing in early stage 
are less likely to diversify because early stage firms need greater non-financial 
invoIvement. 



8. A general partner of a venture capital fund IVA and an investor in tirm called 
NBI was responsible for the hiring of two of NBl’s three top people ~ VP of Marketing 
and VP of New Business Development. He also attracted William Hembrecht of H&Q 
as an investor and member on NBI’s board. Hembrecht played a critical role in the 
firm’s IPO. Also see Gompers and Lerner (I 997). Megginson and Weiss (1 YYI) and case 
studies, HBS (1986), HBS (1995). 

9. While Lerner (19Y4) ignores the value-adding role of VCs, Amit et al. (1997) 
present two separate symmetric-information models, one for each role of VC. Both 
ignore the issue of the choice of syndicating partners. Formal academic works on 
syndication have been few and far between. 

10. The average size of a venture capital partnership in 1993 was $78.9 million 
(Table 2, Fenn, Liang & Prowse, 1995). 

11. Another interpretation might be that information-sharing per se controls risk for 
the VCs, and syndication is the process through which this information is acquired. This 
is not inconsistent with our analysis. See Norton and Tenenbaum (1993). 

12. Number of papers like Hansen (199 i ). Marx (1993), Trester ( 1993) and Comelli 
and Yosha (1997), have studied different contractual arrangements to explain some of 
the observed features (like staged financing) in venture capital investment, We ignore 
these financial contract issues in this paper. One of the few papers to talk about 
negotiation among the parties is Brophy et al. (1982). 

13. We can determine the price per share of the firm and each VC’s investment 
share in the project. from the payoffs received by the VCs in the bargaining game. See 
Lemma 1. 

14. The project can be assumed to have no liquidation value. This makes sense in 
the context of high-tech start-ups where most of the investment occurs in human capital 
rather than in physical capital. Such investment are more difticult to recoup. 

IS. This prior could be considered to be an index of the state or quality of the 
“project market”, ascribing higher prior probability of success if the business conditions 
(for example, the state of the IPO market) look good. 

Ih. Tu keep the analysis from being trivial, we assume that the signals are not 
perfect, i.e. they do not completely reveal the quality of the project. 

17. All through, we use payoffs (X=x or 0) and states (G or B) interchangeably. 
18. We assume that the entrepreneur’s decision on who to approach is not a strategic 

decision. 
19. We use the term “lead” for VC,. Moreover, the pronoun “he” will refer to VC,, 

while “she” will refer to VC,. 
20. These assumptions explicitly rule out lack of adequate funds and risk 

diversilication as reasons for syndication. The literature on venture capital, however. is 
still somewhat undecided on the issue of risk neutrality. For instance, while Amit et al. 
( 1997) and Admati and Pfleiderer ( I9Y I) assume VCs to he risk neutral. Marx ( 199.1) 
conducts her analysis with risk averse VCs. 

2 I. Thus, there is potentially one-sided moral hazard in the paper. For simplification 
and tractability, we assume that VC, does not conduct any due diligence. Most of the 
qualitative results of this paper do not depend on this assumption. 

22. An alternative specification could use I>,, as her effort variable. 
23. Most of the qualitative results go through if we assume (with some restrictions) 

that the cost function is such that (:‘(I?~;) > 0, L.“(II(;) > 0, c.“‘(l>J 10. 
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24. The lead VC can seldom take another VC to court for inadequate effort though 
he can get proxies for the effort used, through discussions and reports. 

25. This assumption allows us to characterize the lead VC by x0,. It is also useful 
when doing comparative statics with respect to a change in the lead VC’s skills, using 
xoi as an index for VC,. 

26. One interpretation of E is the extent of overlap. Thus, if E’>E’, then 
g(x,,,.s,w),4 < g~-%,.52k%k). 

27. This assumption matches well with reality. It can also be justified by high 
contracting costs. 

28. This seems quite realistic. A contract giving the “right of first refusal” to the lead 
VC is almost never signed in the first round, though it is quite common in subsequent 
rounds of financing. 

29. While in reality an entrepreneur is important in any coalition, the focus of our 
paper is on the VCs and their information-gathering and value-adding skills. 

30. All through this paper, ‘better” refers to a a VC’s higher value-adding skills, not 
information-gathering skills. 

31. By Assumption 4, the lead VC would not reject the project and not invest. 
32. We can easily assume that VC, also gathers information, subsequent to which he 

takes an action. But with a few changes to this model, it can be shown that he has the 
incentive to reveal his information to VC, thereby doing away with any strategic 
decisions involved in his information revelation decision. The basic results of the paper 
remain unchanged. 

33. The focus of this paper is not so much information revelation problems but 
information generation. However, the main results go through even if we allow for less 
than perfect partitioning of the information space (for instance, when there arc three 
possible signals received by VC,). 

34. This can be justified by emphasizing that VCs are basically intermediaries in the 
private equity market. Thus, if they are able to raise the money for the future from 
primary investors, they need to build reputation through high returns in the present 
projects, with or without syndication. 

35. In this model, we allow for all possible permutations of players in a large 
coalition of 3 to cooperate, except for the coalition with the 2 VCs without the 
entrpreneur (by Assumption 1). 

36. This solution concept has the advantage that it gives a unique expected payoff 
allocation for each coalitional game. One can derive Shapley values as equilibrium 
outcomes of non-coperative games as well. See Gul (1989), Hart and Mas-Collel 
(1996). 

37. The above returns for each of the players can be expressed in terms of their 

U;(h) equity shares, cr,,b’i = 0,1,2, in the project. So, a, = __ II,,,,(h)’ where i=(i aE = l. Iz 

38. This is so not because information is hard, but because of VC,‘s action, who 
approaches the negotiating table only if she gets a high signal. We can modify this 
model to allow for imperfect signal revelation (e.g. three-signal model), but the results 
will not change qualitatively. 

39, An identical explanation would hold for VC, if I’? 5 1, 
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42. If instead VC, conducts due diligence for eliminating “losers” (i.e. the choice 
variable is p,$ her maximization problem is: Max, P(h)UZ - c(p,,). The optimal effort, 

c?py ,,I I Ii +JF 
pi,? has the following properties: --= 0, s; >O, hT 

a(,,,; 
<O. Since no project is 

undertaken if a poor signal is received, the only benefit from exerting effort in this case 
arises from saving the amount that would have otherwise been invested. 

43. In other words, VC,‘s contribution to the large coalition (of three) increases when 
the syndicating partner’s network increases. 

44. Thus, I’?< 1 is a rrecessa~, but not s&cient, condition for Eq. (9) to hold as 
equality. 

45. The FOC equality will hold for appropriate parameter values. 
46. Suppose VC? is in the business of identifying losers through due diligence 

(choosing p,J and that there exists an interior solution to VC,‘s choice of partner 
problem. Then, the lead VC with a larger network of contacts will choose a syndicating 
partner with a larger (smaller) network, if their abilities are complements (substitutes). 

Thus, 
ax,]’ 
ax 

>(<)(I, iff Y?,>(<)O. 
(,I 

47. For his sample of VC firms, Lemer (1994) tests the null hypothesis that a VC 
firm in a quintile is equally likely to syndicate with a firm in any quintile. He rejects the 
null for first round financing at 0.01 level of confidence. 

48. Connectedness is the number of pairs of firms with one or more actual co- 
investments as a percentage of the maximum number of all possible pairs. If the 
connectedness is 1 OO%, every firm has co-invested one or more times with every other 
firm in the network. 

49. These are VC firms that invested most frequently in high-tech firms and included 
most of the large VC funds by size. 

50. There is a fourth term which captures the effect of higher xl), on his expected 

brackets is Ey. (O), which is zero. This is so hecause both the syndication decision under 
consideration here as well as the choice of syndicating partner are made by the same 
player, namely VC,. 

51. Realistically, the ensuing process cannot be controlled by the planner. This is 
more relevant for policy purposes. 

52. The same result holds when one compares the likelihood of syndication by the 
entrepreneur vis-a-vis the social planner, and the proof is similar. 

53. See Katz (1986), Kamien, Muller and Zang (1992). 
54. Ashaboglu et al. (1997) study the entrepreneur’s choice of resource provider, 

based on both financial and non-financial resources provided by such a provider as well 
as the nature of the venture. 
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55. A similar problem is studied in Banerjee and Cadot (1996) in the context. of 
international loan refinancing. However, the only contract type allowed there is a debt 
contract. 

ACKNOWLEDGMENTS 

We have benefitted greatly from the project on “Information Value and the 
Organization of Industries” supported at Stanford University by the Alfred P. 
Sloan Foundation. We would also like to thank B. Doublas Bemheim and 
Thomas Hellmann for numerous discussions and invaluable advice. 

REFERENCES 

Admati, A. R., &  Pfleiderer, F? (1994). Robust Financial Contracting and the Role of Venture 
Capitalists. Journal of Finance, 49(2, June), 371-402. 

Amit, R., Brander, J., &  Antweiler, W. (1997). i@ntur.. Crrpisal Sytdication: Improved knrure 
Selection versus rhe Value-Added Hypothesis. Mimeo, University of British Columbia, 
Jllly. 

Ashaboglu, F. H., Hicks, J. B., &  Johnson, B. E. (1997). A Model of Resource Acyuisirion Bv New 
lientures. Mimeo, Dept. of EES-OR, Stanford University, January. 

Banerjee, S., &  Cadot, 0. (1996). Syndicated Lending Under Asymmetric Creditor Information. 
Journal of Devckopment Economics, 49, 289-306. 

Brophy, D. J., Amonsen, E., &  Bontrager, P  (1982). Analysis of Structuring and Pricing of Venture 
Capital Investment Proposals. Frontiers of Entrepreneurial Research, 358-395. 

Bygrave, W. D. (1987). Syndicated Investments by Venture Capital Firms: A  Networking 
Perspective. fournol of Business Venturing, 2, 139-154. 

Bygrave, W., &  Timmons, J. (1992). Venture Capiful ar rhz Crossroad.~. Boston: Harvard Business 
School Press. 

Cornelli, F., &  Yosha, 0. (1997). Srage Financing and the Role of Coraversiblv Debt. Mimeo, 
London Business School, April. 

The Economist (1997). Behind America’s Small-Business Success Story. Dec. 13-19, pp. 51-$X. 
Fenn, G. W., Liang, N., &  Prowse, S. (1995). The Economics of Private Equity Market. Staff Study 

No. 168. Washington, DC: Board of Governors of the Federal Reserve, December. 
Gleba, D. T. (1995). Shrinking Venture Syndicates. Upside, Sept., pp. $0. 
Gompers, P  A., &  Lemer, J. (1997). Venture Capital and the Creation of Public Companies: Do 

Venture Capitalists Really Bring More Than Money? /ournni of Privafe Eguiry, Fall, 
15-32. 

Gorman, M., &  S&man, W. A. (1989). What Do Venture Capitalists Do? Jvwnal of Busines.~ 
&mu-kg, 4, 231-248. 

Granovetter, M. S. (1974). Gelring a Jub: A Srudy of Comacfs and Coreer,s. Cambridge: Harvard 
University Press. 

Gul, F. (1989). Bargaining Foundations of Shapley Value. Economerrica, 57(1, Jan.), 81-95. 
Gupta, A., &  Sapienza, H. (1988). The Pursuit of Diversity by Venture Capital Firms: Antecedents 

and Implications. Frontier of Entrepreneurial Research, 296302. 
Hansen, E. (1991). Venture Capital Finance With Temporary Asymmetric Learning. Discussion 

Paper No. I 12. LSE Financial Markets Group, Jan. 



Hart, S., & Ma+Collcl, A. (I 9Y6). Bargaining and Value. E~nnow~etric~a. 64(2. Mar,). 357-380. 
Harvard Business School (1986). Palladian Software -A Case Study. No. 4-286-065, Sept. 
Harvard Business School (1988). Centex Telemanagement Inc. - A Case Study. No. Y-2864)59, 

Sept. 
Harvard Business School ( 1995). Benjamin Rosen and Compaq - A Case Study. No. 9-296-002, 

Sept. 
Kamicn, M., Muller. E.. h Zang, 1. (1992). Research Joint Vcntureb and R&D Cartels. Ampric.ctr~ 

Ewnonlic Reikv. 82, I293- 1306. 

Lcmer, J. ( i9Y4). The Syndication of Venture Capital Investments. Finrrn<,i~rl Ma>rcrx~n~enr, 2313. 
Autumn). I h-27. 

Marx. L. M. (l(lY3). Negotiation and Renegotiation of Venture Capital Contracts. Mimetr. 
University of Rochester. Dee. 

Mcgginson. W. I,.. bt Weiss, K. A. (1991). Venture Capitalist Certitication in lmtial Public 
Offerings. .houmul of Financr, 46(3, July), 879-903. 

Milgrtnn. P. ( 1981). Good News and Bad News: Kcprescntation Theorems and Applications. &I( 
./ourriu/ of Ewmmics, 12. 380-39 1 

Myerscm. R. B. ( 199 I ). Ganle Thuorv: Anul~.sis oj Cbn/l~rr. Cambridge: Harvard University 
Press. 

Nahria, N. (1992). Information and Search in the Creation of New Business Ventures: The Case 
of the I28 Venture Group. Working Paper No. 92-077, Harvard Busjness School. 

Norton, E., & Tenenbaum, B. H. (1993). Specialization versus Diversification as a Venture Capital 
Investment Strategy. .lournnl0~Rfr.siness Enruring, 8, 43 1442. 

Sahlmun, W. A. (19YO). The Structure and Governance of Venture Capital Organizations. ./oun~c~i 
of Finuwid .knnwnic~s. 27, 473-52 I. 

Trestcr, J. J. ( 1994). Venture Capital Contractjnp Under Asymmetric Information. Refr. No. 94-06. 
University of Pennsylvania: Wharton Financial Institutions Center. 

Vinccnti, L. (l9Y6). Mine. Mine. Mine. Venture Cupirai Joumd. Jan., 3941 

APPENDIX 

Proof of Lemma 1. 

Let I, hc VC,‘s investment in the project, and the price per share be T, Vi = 1,2, 

where c I, = I. It is realistic to assume that the number of shares received by 
,=I 1 

VC, is k,=‘. Thus, VC,‘s expected payoff is k,lI,,,Jh). In order that these 
7 

payoffs he the same as the Shapley values, we get the following two equations. 

for each i= I ,2, U,(h) =? TIll12(h). Solving for I, and 7, we get It = ru PI --A ..- 
7 U,(h) + U?(h) 
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and r* = u z$(,. So, fi =I - IT. However, we need to check that the 
I 2 

remaining profits from the project (II,,,(h) - 2 k&,(h)), which go to the 
,= 1.2 

entrepreneur, are such that the entrepreneur’s Shapley value (U,,(h)) holds. Note 
that 

= %2(~) - c U j(h) ,= 1.2 

= U,,(h) 
where the last equality follows from the calculation of Shapley values, and this 
proves the result. (Q.E.D.) 

Proof of “under-effort in due diligence”. 
To prove that pf,! <#. Since 

LHS of Eq. (8) 1 ,,<;~,,;R=Y 

< y( Y - I) - c’(p:F) = 0 (from Eq. (7)). 
The inequality holds because (Y - I) is the maximum net payoff and, Y - I 

I I 
> P(G ( h)V, - 6 > VL - 6 > 0. Also, from SOC of maximization problem, 

g (LHS QfW (8)) I p,.=,,~~~o 
c 

This proves the result. (Q.E.D.) 

Proof of Proposition 1 (comparative statics on second-best effort). 

From Eq. (X), 
y- -%I y - c’(pg8) = 0. where V, =pr + Xf, and 
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(i) Differentiating Eq. (8) w.r.t. x,,, , other things remaining same, gives. 

Rearranging terms, we get, 

dY 
where Y, 3 z- >O and c”@~~) >O, by assumptions. Therefore, 

ill 
Y, f 1. 

(ii) Differentiating Eq. (8) w.r.t. x,,~, other things remaining 
rearranging terms, we get, 

> 0, as Y, > 0, by Assumption (3). 

(iii) Differentiating Eq. (8) w.r.t. y, other things remaining 
rearranging terms, we get, 

same, and 

same, and 

(iv) Differentiating Eq. (8) w.r.t. I, other things remaining same, and 
rearranging terms, we get, 
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i (v) Putting c(y,,=%. and differentiating Eq. (8) w.r.t. k, other things 

remaining same, and rearranging terms, we get, 

This proves the proposition. (Q.E.D.) 

Proof: Note that both p:,!’ and g are functions of (.x,&~,),+,,) 
02 

(i) This follows directly from the proof of Proposition 2(i). 

(ii) From Proposition 2(C) (above), we have 

entiating this w.r.t. x0, (keeping all other variables unchanged, including XX,) 

and rearranging, we get - = $, Y2]. Given c” > 0, the above 

expression is r (<> 0, iff Y2, > ( < ) 0. (Q.E.D.) 

Proof of Proposition 3 (Birds of a feather flock together) 
I3X 

RTP: “*>O. 
%I, 

Differentiating Eq. (9) w.r.t. x ,,,, we get, 

+ y2 - 1 aPG T ax, +$Y2,+Y$$0 

In the above equation, we can substitute 



and by rearranging, we get 

The term in curly brackets on the LHS is A (from Eq. (IO). Also, we can 
substitute from Lemma 2{(i) and (ii}) above and Proposition 2((i) and (ii)) on 
the RHS. We get, 

Note, A <Q (from Eq. {IO)), assuming an interior maximum xu2 exists. This is 
so if Yz is sufficiently smaller than unity. The sum of the last two terms of the 
expression in bold brackets on the RHS is positive if Y, < 1 also. So, Y,, >O is 
a sufficient condition for the RHS bucket expression to be positive. So, 

f&l? assuming Y, < 1 and Yz sufficiently smaller than unity, --->O it’ Y,, >O. 
d4, I 

(Q.E.D.) 

Proof of Corollary 2 (Opposites Attract) 

From previous proof, we see that, 

y2Y,+l 2Yz+’ f y Y2- 1 Y, - 1 
- 1 ..-- 

k3 3 
A necessary condition for 
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RHS to be negative is I’:, ~0. However, if there is some ?,, ~0, that is small 

enough, the RHS becomes negative. So - z’! CO. (Q.E.D.) 
(1 I 

Proof of Corollary 4 

RTP: ;; > 0 

Substituting c@J=q in Eq. (S), we get #=$ 
( 1 

V, - f . Plugging this in 

v,-I 
w, - 1) 

Eq. (9), along with 2 from Proposition l(ii), we get, -~ f= - - 
v2 - 

2Y,+Z . 
6 

= - y + xic CL:’ (from above derivations) 
2 
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P(s=h) yp,,z(Y~- 1) Note that -aG>O - --- 6- - 6 .iy+j < i. The LHS is maximum if 
? 

2(Y, - 1) is 

2Yz+l 1 
minim”m , i.e. if Y2 =O. So the maximum LHS becomes, 

&=h) + -WC, < 1 
6 3 2’ 

which is true since both P(s = h) and -y,~r; are less than one. 

Thus, ;; >O. (Q.E.D.) 

Proof of Proposition 4 (under-syndication vis&vis planner’s decision) 

W.l+o.g., we assume that in case of indifference between syndicating and not 
syndicating, no syndication takes place. From Eq. (16), we see that the social 
planner’s syndication rule showing weak preference for not spiicating is: 

n 
So, t 2 -:I. From Eq. (15), we get that VC, prefers not to syndicate if, 

Since there is an interior maximum for VC2’s effort maximization problem, at 
py, P(hjU, - c@,;) > 0; or, 

Note that G > B if 

Or, 
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Comparing this with Eq. (18) and substituting U, and U, from Eqs (2) and (4), 
A 
2 

>B if 

This holds since l&,(h)>O, by Assumption (4). So, t >B. So, 

(a) If ! 2 ?“c I the,-, B < ??” - ’ 
2 2’ 

-. Thus, VC, has a strict preference to not 
2 

syndicate when the social rule weakly prefers to not syndicate. 
A -v-o, - 1 (b) Tf 2 > ~ 2 ~~ 2 B, VC, prefers to not syndicate, though there is 

syndication in the first-best scenario. 

(c) If; >B2 E;-!, syndication occurs in both the first- and second-best 

scenarios. 

Thus, there are some parameter values for which there is syndication under the 
social planner but not by the lead VC. Therefore, there is under-syndication vis- 
kvis the planner’s propensity to syndicate. (Q.E.D.) 

Proof of Corollary 5 

Differentiating Eq. (17) w.r.t. x,,,, and rearranging, we get 
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Compare the first square bracket term in Eq. (19) with i1p from Eq. (14). 
11, 

Thus, 

[ 
-(l-&)+(Y-I$ 

Ill 

Rearranging, we get, 

I 
Note (Y-I)> V, - 6 i 1 , since the total payoff from the project if it is Good 

must be greater than what VC, can receive as his share. Also, RHS > 0 if Y, < 1. 

Moreover, if Y, < 1, then by Proposition l(i), 
a 
~~~ 

%,, 
,I:,!’ < 0. Thus, the 

r;>; 1:1111c 
above inequality holds. Note also that the second square bracket term in 

Eq. (19) is positive. Thus, if fh,, 
d.x~, , 

<O (which in fact is consistent with Y, < 1 

from Corollary 2), then adding the second term frotn Eq. (19) to the LHS of 
Eq. (20) leaves the inequality unchanged, giving us the result. (Q.E.D.) 


