An Intracyclical Analysis of the Risk Sensitivity
of Bank Stock Returns

Elijah Brewer III"
Federal Reserve Bank of Chicago

Cheng Few Lee
Rutgers University

Abstract

Using a two index market model, this paper tests for the responsiveness
of bank stock returns to changes in stock market returns and
unanticipated interest rate changes over the period January 1978 through
June 1984. Based on daily data, the empirical results indicate
significant differences in sensitivities to stock market movements and
unanticipated interest rate changes (i.c., structural changes) over the
business cycle. Previous studies implicitly have assumed that such risk
sensitivities are constant over the cycle or that differences over the cycle
are not significant. This research shows that the assumption is
untenable and that the differences over the cycle are statistically
significant.

Introduction

The determinants and measurement of bank risk are important to bank
managers, investors, depositors, and regulators. Previous studies have measured
the contribution of the different risk factors.] But they have not considered
whether the contribution differs over the business cycle. The implicit
assumption is that bank risk sensitivities are constant over the business cycle or
that differences over the cycle, if they exist, are not significant.

The stability question is interesting for at least three reasons. First,
empirical tests of the efficient market hypothesis almost without exception have
assumed that the stock market coefficient for a given security is stationary over
time. Second, bank regulators and others often have asked whether market

*The authors would like to thank Herbert Baer and several anonymous
referees for many ideas and helpful comments. The views expressed herein are
solely those of the authors and do not necessarily represent the views of the
Federal Reserve Bank of Chicago or the Federal Reserve System,

1See, for example, Lloyd and Shick [13], Lynge and Zumwalt [14], Chance
and Lane [4], Flannery and James [5], Booth and Officer {2], and Scott and
Peterson [17]. These studies have used the two factor model developed by Stone
[18] to examine the return required of a bank by the stock market.
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discipline of banks exists. This is a key public policy questions for bank
regulation because if market discipline is present, the rationale for bank
regulation is less compelling. To investigate this question, banks' decisions, as
reflected by their accounting statement data, are related to stock market betas. If
these stock market betas are nonstationary, then the difficulties in evaluating the
information content of accounting statement data are more complex than is
suggested by most of the research in this area (e.g., Pettway [16], Jahankhani
and Lynge [10], and Lee and Brewer [12]).

Finally, risk sensitivity coefficients obtained from various versions of the
market model have been used to investigate the effects on bank stock returns of
changes in economic or financial activity, such as mergers and acquisitions, and
to identify the response of banks to particular or general changes in regulation.2
Failure to account for nonstationarity in the risk sensitivity measures makes it
difficult to determine whether movements in bank stock returns are associated
with particular events or cyclical variation.

There may be several reasons for business cycle effects on bank stock
returns. For example, an important source of bank stock returns variability over
the business cycle is related to earnings variability due to the business risk of a
bank represented by the demand and supply shifts for its services and inputs,
specifically loans, deposits, and transactions services. Bank stock returns are
related to future cash flows from changing levels of bank activities, such as
lending. The present value of loan business may change, in part, with expected
changes in economic activity. Business expansions increase the quantities of
bank loans, securities, and deposits. These factors are thought to have a positive
impact on the expected eamings stream and, as a result, bank stock returns.
Conversely, business recessions may affect the performance of the existing loan
portfolio and decrease the quantities of bank loans, securities, and deposits. This
would tend to have a negative implication for bank stock returns.

Alternatively, monetary policy is likely to shift over the business cycle.
Homa and Jaffee [9] indicate that changes in stock prices are related to change in
money supply. As the Federal Reserve system shifts, for example, from tight to
easy monetary policy during the business cycle, this may lead to a shift in the
relationship between bank stock returns and the market index.

This paper examines the stability of the relationship between bank stock
returns and market and interest rate risks over the January 1978 through June
1984 period. The empirical results indicate significant differences in risk
sensitivity estimates for many banks over the sample period, which includes
three economic upswings and two downswings. The risk sensitivity estimates

23ee, for example, Aharony, Saunders, and Swary (1] and Brickley and
James [3].
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are stationary over the business cycle for a small number of banks. These
results have important implications for bank stock market studies. They suggest
that failure to account for the nonstationarity of the estimated coefficients in
bank stock market studies can make it difficult to evaluate the financial
performance of banks and to identify the response of these firms to changes in
particular or general changes in regulation and to nonbank acquisitions.

Empirical Specification, Data, and Methodology

To assess the relationship between bank stock returns and market and
interest rate risks, the following equation is estimated:

M Rjr=aj+BMjRMt+Brj RL + &jt

where:

Rj,t = the rate of return on security j in excess of the risk free rate of
interest over time interval t;

RM,t = the rate of return of the market portfolio in excess of the risk free
rate of interest over time interval t;

Ry = a measure of unanticipated changes in interest rates over time
interval t;

aj = the regression intercept for security j;

BMj = the beta coefficient, measures the relative riskiness of security j in
comparison with the market as a whole;

By = measures the effect of unanticipated changes in interest rates on the
stock returns of bank j given its relation to the market index; and

€j.t = a disturbance term having zero expectation, variance cz over all
time t, uncorrelated with RM ¢, R1t. and Rk ¢ (k#j), and not
autocorrelated.

Banks' stock returns are sensitive to unanticipated changes in interest rates
because banks typically engage in interest rate intermediation in which the
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interest sensitivity of their assets differs from that of their liabilities.3 Thus,
unanticipated changes in interest rates will affect the market value of the two
sides of their balance sheet differently and impact both their net worth and stock
return. Because different banks are not likely to have the same exposure 10
interest rate risk, there need not be a unique relationship between unanticipated
interest rate changes and the return on the stocks of each and every bank.
Moreover, because banks can and do change the direction of their interest rate
exposure through time, the relationship may not be unique for a particular bank
or group of banks through time. This paper tests for structural changes in stock
market and interest rate sensitivities over the business cycle.

Equation (1) was estimated using 1,642 daily time series observations on
return data for a sample of 45 banks between January 2, 1978, and June 29,
1984. Daily common stock total returns (including dividends) were obtained for
the sample of banks from the Automatic Data Processing, Inc. (ADP) Security
Price File.# The bank returns data are technically for bank holding companies
(BHCs) because most of the publicly traded stock of banking organizations is
that of the BHC.

For each of the bank holding companies included, commercial banking was
the major activity of the holding company in terms of assets.) Assets at the
commercial banks subsidiaries accounted for over 88 percent of the consolidated
BHC assets for each of the 45 firms in the sample. The market index employed
in this study was the value-weighted portfolio (NYSE and AMEX) obtained from
the Center for Research in Security Prices (CRSP) data base.

A measure of unanticipated changes in interest rates was constructed from
yields on U.S. Treasury obligations to ensure that the estimation of the relation
between bank stock returns and unanticipated changes in interest rates is free
from contamination resulting from changes in default premia. The appropriate
interest rate should be for a security whose maturity does not far exceed that of
the bulk of bank assets and liabilities. Following Aharony, Saunders, and
Swary [1], this research chose to relate bank stock returns to unanticipated

31f the duration gaps are not zero, then any interest rate change will affect
both sides of the balance sheet differently. It is assumed that the expected change
in interest rates is incorporated in beta.

4 Automatic Data Processing, Inc. of Ann Arbor, Michigan provides
publicly available daily prices and trading volume, dividends and interest
payment data, and descriptive data items for stocks, bonds, and options.

30ther BHC subsidiaries include savings and loan associations, morigage
banking, consumer and commercial finance, investment advising, various types
of leasing concerns, insurance brokerage and underwriting, and data processing
firms.
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changes in the rate on three year Treasury notes. The unanticipated change in the
rate for any day is measured by the difference between the actual three year
Treasury note rate and the (estimated) expected rate of the relevant day,

®  @R3-R).

where (R3 is the actual yield in time t on a three-year Treasury note; and tﬁg is
the (estimated) expected rate in period t.

To estimate expected rates, an ARIMA model was used based on one year of
previous daily interest rate data. The original coefficient estimates are taken
from the January 3, 1977, to December 30, 1977 estimation period. These
estimates are used to generate the daily expected rates for the period January 2,
1978 through January 6, 1978. Then the estimation sample is updated to
include the actual data for January 2, 1978 through January 6, 1978 and exclude
the data for January 3, 1977 through January 7, 1977. The model is reestimated,
and a forecast of the daily expected rates for the period January 9, 1978 through
January 13, 1978 is generated. This updating, dropping, reestimation, and
forecast procedure is continued throughout the forecast sample until June 29,
1984, the last date of the sample period.®

6The following Theil decomposition statistics are used to check the
unbiasedness of the interest rate forecasts:

Ae -
[th - (R3)2

Mo
Ul=—"usg

[STDGRS) - p(STD(R3)P2

R_
Ut= MSE »and

yD - {1- 0% [STDGR3)2
- MSE

where:

MSE = the mean square error;

— A A,
tR3 and tﬁg = the sample means of {R3 and [Rg;
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The parameters in equation (1) were estimated for each of the 45 banks. To
capture the effects of intracyclical behavior, equation (1) is estimated over five
time periods: three economic upswings and two economic downswings. To test
for overall structural changes, the standard "Chow" F-test is used. Designation
of the upswings and downswings utilizes National Bureau of Economic Research
(NBER) definitions of peaks and troughs. Using these definitions, the period
from January 1978 through January 1980 is designated as upswing I; the period
from February 1980 through July 1980 is designated downswing I; the period
from August 1980 through July 1981 is designated upswing II; the period from
August 1981 through November 1982 is designated downswing II; and the period
from December 1982 through Junc 1984 is designated upswing III.

Empirical Results

The results of estimating equation (1) over the entire sample period for each
of the 45 banks are reported in Table 1.7 The results indicate that market and

A, A
STD(R3) and STD(R) = the sample standard errors of (R3 and (R and
p = the correlation coefficient between R3 and (RS

UM is called the bias proportion, UR the regression proportion, and UP the
disturbance proportion. Gi and Newbold [8] show that unbiased forecasts
should have values of UM and U® close to zero and, therefore, UP should be close
to 1. The results (in percent) for the forecast of the three year Treasury note rate
are UM = 0.03, U* = 0.12, and UP = 99.66. The Granger and Newbold conditions
of unbiasedness, therefore, are satisfied. Unbiasedness is 2 necessary condition
for these forecasts to be rational in Muth's sense [15]. A complete test of
rationality also would require testing for efficiency.

TThe simple correlation coefficient between Ry and Ry is -0.18 and is
statistically significant from zero. Because these two factors exhibit some degree
of multicollinearity, several studies (see Lloyd and Shick [13], Lynge and
Zumwalt [14], Flannery and James [5], Booth and Officer [2]) have used
orthogonalizing procedures to remove this multicollinearity. The procedures
used were equivalent to using only the residuals from a ion of the return
on the second factor against the other explanatory vari or variables. Such
orthogonalization procedures are equivalent to a transformation that extracts the
common dependence between the variables, assigning such dependence to the
explanatory variables in each orthogonalizing regression equation. This
procedure will change the OLS estimators and their standards errors on the
variables that are ized, but it does not add any additional explanatory
power. For example, if the true equation is

Rj,t = aj+ BMj RM,¢ + B1j R1,¢ + €j,¢ but
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interest rate risks are statistically significant in explaining bank stock returns.®
Although all of the estimated stock market coefficients are significantly different
from zero, banks are sensitive to market risk to different degrees. Economic
risks will have a differential impact on banks because regulation and market
forces have led banks to develop different exposures to risk. When banks are
ranked by stock market sensitivity, the average beta coefficient of banks in the
top quartile was 0.8929, whereas banks in the bottom quartile have an average
beta coefficient of 0.1722. The results indicate that for every 100 basis point
change in the return on the market portfolio, returns will change, on average, 89
basis points for banks in the top quartile and 17 basis points for banks in the
bottom quartile.

An analysis of the estimated interest rate coefficients indicates that all but
nine of the coefficients are significantly different from zero at the 10 percent
level. Of the 45 banks for which 1 1 is estimated, 44 of them have a negative
sign for this coefficient (36 of these are statistically significant). Thus, in the
case of only one bank does unanticipated interest rate changes produce a positive
response, and this coefficient is not significant.

Parameter estimates for each of the five subperiods were obtained for each of
the 45 banks. The results are reported in Table 2. A review of the table
indicates that the relationship between bank stock returns and stock market and
interest rate risks may not necessarily be constant for a particular bank over the
business cycle. Chow F-tests were used to determine if the market and interest
rate coefficient estimates in Table 2 were significantly different over the business
cycle. These tests are reported in Table 3. The tests indicate that 27 of the 45
banks have significant differences in market coefficient estimates over the
business cycle, while only 12 banks have significant differences in interest rate
sensitivities. Only eight banks, however, exhibit statistically significant

Rjt = 0j+ bMj Rm,t + blj R 1 + ¢j; is estimated. Where
*

Ry =Rit- [CovRM ¢, R,p/Var(RM,0] RM, ¢

it can be shown that

A A A A

BM;j = bymj but Byj = byj.

It also can be shown that the standard errors will change for all but the second
factor, R (see Giliberto [7]). Giliberto [7] points out that this
orthogonalization technique, if anything, will bias results in favor of finding an
interest rate effect. As a result, such a procedure was not used in this paper.

8No problems resulting from infrequent or nonsynchronous trading were
experienced.
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differences in both stock market and interest rate sensitivities over the estimation
period.

These results suggest that for many banks the risk sensitivity estimates for
various phases of the business cycle are not likely to be representative of risk
sensitivity estimates either of other phases of the cycle or of the full cycle.?
Bank risk sensitivity coefficients can be expected to change because of shifts in
governmental policies in the areas of deposit insurance and forbearance and
demand and supply shifts for its services and inputs, specifically loans and
deposit services. These supply and demand shifts are due to changes in real
economic activity over the business cycle. Banks' equity returns are related to
future cash flows from changing levels of bank activities affected by general
economic activity such as lending. These profits represent, in effect, future
investment opportunities for banks. There is reason to expect that changes in
future investment opportunities will be reflected in the percent of the bank's
resources committed to various activities (both on and off balance sheet) at a
given time. The evidence presented in this paper suggests that researchers and
practitioners alike should consider the variation in bank risk sensitivity measures
over the business cycle before drawing any conclusions about the correct pricing
of bank stocks relative to the market, the interest sensitivity of banks, and the
effects on bank stocks of particular events.

Future research, therefore, would do well to develop a model of bank stock
return movements that considers the financial characteristics of the bank as well
as the economic environment.

Conclusions

This paper has investigated the intracyclical pattern of bank sensitivities to
market and unanticipated interest rate changes over the period January 1978

9To identify structural change in market and interest rate sensitivities
further, two additional tests were conducted. The first compares coefficient
estimates for adjacent economic swings of the business cycle. F-statistics are
calculated for each bank comparing upswing I with downswing I, downswing I
with upswing II, upswing II with downswing II, and downswing II with
upswing III. These F-tests are available from the authors on request. The tests
indicate that significant differences in stock market and interest rate sensitivities
exist between adjacent economic swings of the business cycle for most banks.
All but four banks have at least one significant structural change between
adjacent economic swings of the business cycle. The second set of tests
examines whether the different risk sensitivity measures are equal across all
upswings or all downswings. These tests are also available from the authors on
request. The results indicate significant differences in market risk sensitivity
measures over upswings for 23 of the 45 banks and downswings for 16 of the
banks. Only six banks had significant differences in interest rate risk sensitivity
measures over downswings, while 15 had significant differences over upswings.
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through June 1984. The findings suggest that bank risk sensitivity coefficient
estimates for different firms are significantly distinguishable, on average; banks'
market risk sensitivity coefficients tend to be more nonstationary than the
interest rate risk sensitivity coefficient; and the risk sensitivity coefficients are
stationary over the business cycle for a small number of banks. A few banks
tend to be subjected only to structural changes in either stock market sensitivity
or interest rate sensitivity over the business cycle, while some banks appear to
experience fundamental changes in interest rate sensitivity as well as stock
market sensitivity over the business cycle. Because the findings of this paper
indicate that bank risk sensitivities can vary for some banks over the business
cycle, these patterns should be incorporated into commercial banking studies to
avoid misleading interpretations and implications. In particular, failure to
account for the nonstationarity of the risk sensitivity measures makes it difficult
to use market models to evaluate the financial performance of banks and identify
the response of these firms to changes in particular events.
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Table 1

Estimates of Bank Risk Sensitivities

Marine Midland Banks, Inc.

Old Nat'l Bancorporation

United Virginia Bancshares, Inc.

Bankers Trust NY Corp.

Lincoln First Banks, Inc.

Bank of NY Co., Inc.

Northern Trust Corp.

Merchant's Nat'l Corp.

Harris Bankcorp, Inc.

Suburban Bancorporation

Union Trust Bancorp

Security Pacific Corp.

Sovran Financial Corp.

Union Planters Corp.

Market

0.8086
(0.0573y¢**

0.2973
(0.0497)%**

0.2114
(0.0231)***

0.8530
(0.0445)y«*+*

0.3502
(0.0443)* >

0.5369
(0.0400)***

0.2124
(0.0235)***

0.2032
(0.0390)%**

0.4056
0.0462)***

0.0917
(0.0243)***

0.0801
(0.0364)**

0.6508
(0.0388)***

0.3238
(0.0352)***

0.1057
(0.0421)**

136

Panel A: Entire Period
Interest Rate RZ2  F-Statistics

-42.0270
(17.6692)**

0.1195

-8.5684
(15.3197)

0.0218
-33.0124  0.0698
(7.1219)%**

-62.2193  0.2090
(13.7030)***

-76.7023  0.0640
(13.6663)***

-45.6018  0.1170
(12.3345)%**

-25.8995  0.0618
(7.2452)%**

-20.4173
(12.0282)*

0.0194

-26.1569  0.0506

(14.2349)*

-23.8524  0.0167
(7.4823)***

-25.3012
(11.2087)**

0.0062
-48.9929  0.1690
(11.9438)***

-39.0990  0.0639
(10.8378)***

-20.5649
(12.9636)

0.0052

112312

19.319

62.563

217.851

57.059

109.694

55.050

17.206

44.756

14.944

6.100

167.836

56.977

5.330




Table 1 (continued)
Estimates of Bank Risk Sensitivities
Panel A: Entire Period
InterestRate R2 F-Statistics

Northeast Bankcorporation

Hartford Nat'l Corp.

CBT Corporation

NBD Bankcorp, Inc.

First Jersey Nat'l Corp.

Manufacturers Hanover Corp.

First Empire State Corp.

J.P. Morgan & Co., Inc.

Chemical NY Corp.

Citytrust Bancorp, Inc.

Chase Manhattan Corp.

Citicorp

Manufacturers Nat'l Corp.

Fidelcor, Inc.

First Pennsylvania Corp.

Market
0.0874
(0.0327)%**

0.4599
(0.0418)y***

0.2366
(0.0377)***

0.3247
(0.0373)y***

0.2676
(0.0540)***

0.7873
(0.0415)***

0.5026
(0.0514)%**

0.7244
(0.0304)y***

0.7130
(0.0421)***

0.1176
(0.0337)***

0.9282
(0.0382)***

1.2120
(0.0462)***

0.5136
(0.0425)***

0.5635
(0.0594)»»*

0.8618
(0.0888)***

137

-13.4043
(10.0794)

0.0052
-35.2641  0.0799
(12.8857)%**

-46.5472  0.0380
(11.6320)***

-31.8623  0.0539
(11.4993)%**

-20.4659
(16.6372)

0.0164
-71.7647  0.2127
(12.7980)***

-52.5620  0.0685
(15.8467)***

-48.5731  0.2867
(9.3774)x**

-49.5126  0.1692
(12.9825)***

-0.7287
(10.3896)

0.0065
-51.5664  0.2900
(11.7691)***

-57.2210  0.3184
(14.2458)***

-54.3041  0.1018
(13.0994)***

-40.8535
(18.3067)**

0.0598

-21.4392
(27.3584)

0.0570

5.290

72.255

33.418

47.788

14.666

222.669

61.350

330.854

168.142

6.350

336.081

384.339

94.034

53.213

50.560



Table 1 (continued)
Estimates of Bank Risk Sensitivities
Panel A: Entire Period

Equimark Corp.

Pittsburg Nat'l Corp.
Maryland Nat'l Corp.
NCNB Corporation
Wachovia Corporation
American Fletcher Corp.
Continental IHinois Corp.
First Ci\icago Corp.

Indiana Nat'l Corp.

First Oklahoma Bancorp, Inc.

U.S. Bancorp.

BankAmerica Corp.

Wells Fargo & Company

Crocker Nat'l Corp.

City Nat'l Corp.

Market
0.3631
0.0734)%**

0.4467
(0.0335)***

0.3983
(0.0365)***

0.6578
(0.0442)%*+

0.3695
(0.0420)***

0.3290
(0.0371)*>*

0.8392
(0.0579)y***

(1.0192)
(0.0534)***

0.3916
(0.0370)***

0.2809
(0.0423)**=

0.5192
(0.0373)>*+*

0.9809
(0.0427y**>*

0.8071
(0.0449)***

0.5440
(0.0455)***

0.5251
(0.0607)y***

138

Interest Rate
-59.8221  0.0212
(22.6183)***

-51.7435  0.1247
(10.3192)***

-31.3004  0.0792
(11.2406)***

-52.6984  0.1392
(13.6095)***
-19.3132  0.0495
(12.9422)

-32.7480  0.0563
(11.4209)***

-40.6988
(17.8513)**

0.1245

-26.9048
(16.4645)*

0.1918
-33.0851 0.0756
(11.4124)%**

8.9587
(13.0277)

0.0252
-33.0348  0.1195
(11.4896)***

-64.0815 0.2718
(13.1517)***

-49.5621  0.1841
(13.8379)%**

-30.8500
(14.0281)**

0.0893

-31.4846
(18.7108)*

0.0487

R2 F-Statistics

18.789

117.905

71.560

133.653

43.734

49.911

117.669

195.761

68.096

22.230

112334

307.213

186.186

81.464

42.970




Table 1 (continued)
Estimates of Bank Risk Sensitivities
Panel A: Entire Period

Market Interest Rate RZ2 F-Statistics
U.S. Trust Corp. 0.3302 -122522 0.0565 50.177
(0.0345)***  (10.6368)

Panel B: Summary Statistics for the Two Factor Market Model

Arithmetic Interquartile
Mean Median Range
Market 0.4941 0.4467 0.7206
Interest Rate -36.7801 -33.0851 -45.6943

R2 is the coefficient of determination corrected for degrees of freedom. The
number of observations in each equation is 1642. The numbers in parentheses
beneath the regression coefficients are the corresponding standard errors of
estimate

* Indicates significance at the 10 percent level

** Indicates significance at the 5 percent level
*** Indicates significance at the 1 percent level
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