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The exposure of financial intermediary firms to market interest rate
risk has become a significant concern of regulators, investors, and
managers throughout the financial sector. Market rates had become
increasingly volatile during the 1970’s, with a quantum change accompanying
the Federal Reserve Board’s October, 1979 policy revisions. Prior to that
event, little empirical (or theoretical) research had addressed the impact
of market rate fluctuatlons on financial institutions, though predictions
of significant bankruptcies were not infrequent. (Greenbaum, Ali, and
Merris [1976] 1is one exception.) One recent paper (Flannery [1981])
concludes that large commercial banks (assets over $2 billion) had
effectively hedged themselves against interest rate risk during the period
1960 to 1978. Market rate changes became reflected equally quickly in
these banks’ revenue and costs, leaving net operating income statistically
unaffected by market rate conditions. Morrison and Pyle [1978] reach the
same conclusion via a simulation type model of a '"wholesale" bank. Unlike
large banks, savings and the loan associations appear to be exposed to
sizeable interest rate risk because of their maturity-mismatched
asset/liability portfolios (Nadauld [1977}).

What about small, non-wholesale banks? These institutions should be
better off than the savings and loans because they have a substantially
broader set of assets and liabilities. Yet many small banks share the
predominantly retail nature of savings and loan association operations,
some even operating as speclalized mortgage lenders. Moreover, small banks
may be either better or worse off than their money center counterparts.

Small bank deposit and loan customers may be relatively insensitive to
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market conditions, making it unnecessary for smaller commercial banks to
respond promptly to sharp market rate swings. If deposit supplies exhibit
low cross elasticities with respect to market rates, the bank may earn
monopoly profits that fluctuate directl? with the level of market rates.
Alternatively, if retail loan customers are more averse to interest rate
risk than money center borrowers, smaller banks may acquire proportionately
more fixed rate loans than do wholesale banks. In addition to all this,
small banks may be susceptible to interest rate risk simply because they
lack management skills or cannot afford the resources needed to make timely
market rate predictions.

For any of these reasons small banks may differ from large banks in
their exposure to interest rate risk, but the magnitude of their risk
exposure remains a purely empirical issue. This paper evaluates the
historical impact of market rate changes on smaller banks’ profitability.
Section T summarizes the regression specification used to determine the
short and long run effects of market rates on bank revenue, costs, and net
income. Time series data on sixty individual banking firms with 1978
assets less than $1 billion are described in Section II, along with the
statistical techniques employed for efficient estimation. Empirical
estimates of each bank’s response to market rate changes are presented in
Section ITII, whose conclusion is rather negative: no evidence exists that
banks are dangerously susceptible to interest rate fluctuations. Most
sample banks’ profit margins show no statistically significant response to
market rate changes. The conventional wisdom that banks chronically and

seriously "borrow short and lend long" is not supported by the data.
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Nonetheless, some banks’ profits do fluctuate with market rate changes, and
regulators would doubtless like to connect observable bank balance sheet
and income variables with interest rate risk exposure. Section IV
therefore describes a tentative attempt:to explain cross-section
differences in average asset and liability maturities implied by time

series regression results for the sixty sample banks. The paper concludes

with a brief summary.

I. THE MODEL
The motivation for this paper’s empirical analysis of bank interest

rate risk follows from the simple valuation formula:

oo - Ct
(1) vV = t£1 .P:t_.__t__
(1+1i )
t
where V = current market value of the bank;

R, = gross after tax (cash flow) revenues derived by the firm in
period t exclusive of capital gains or losses on existing assets
and liabilities 1in the portfolios;

Cy = total after tax (cash flow) cost incurred in period t: interest
paid on liabilities plus operating cost;

iy = the discount applied by the market in period t.
Both Cy and Rt should include regular amortizations of premia or discounts,
but exclude realized or unrealized capital gains or losses on bank assets
and liabilities.!

The concern over bank interest rate risk centers on a presumpﬁion
that, while Ry and C; are both responsive to market interest rates, costs
come to reflect current market conditions more promptly than revenue.2 If

§0, the numerator in (1) can become negative for substantial periods of
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time, driving market value to zero. Two distinct aspects of market rates
are evaluated in the empirical work reported below: the average rate level
over the estimation perfod, and the week-to-week variability of market
rates within each year.3 i

The trick to evaluating (1) empiricallylinvolves a method of utilizing
bank accounting data (the only kind available) to infer the short run and
long run responses of individual bank’s Ri and Ct to market rate changes.
If the reported return on assets (cost of liabilities) always reflected the
estimation period’s average market rate of interest, for example, one would
infer that the bank’s assets (1liabilities) matured within the estimation
period. More realistically, multi-period fixed rate assets (1iabilities)
cause revenue (costs) to reflect current market rate conditions only with a
lag. As described below, the extent of this lag implies average asset and
liability portfolio maturities. This method’s primary strength lies in its

ability to infer average maturities from the data instead of making ad hoe

assumptions about the maturity of different asset and liability categories.

Bank Revenues

In the absence of any inherited multi-period assets, the optimal bank
asset portfolio would yield a desired or "target" level of reported

accounting income:

&
(2) RS = f(r,oz, TA)
where R* = desired gross operating income
TA = bank total assets
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r = average level of the market interest rate
02r = variability of the market Interest rate.
The role of market rate levels (r) in determining a bank’s optimal gross
revenues is intuitively cleaf. Rate va;iability may also affect the bank’s
asset choices (and hence revenue), for example by changing the relative
demands for fixed versus floating rate loans. (See Flannery [1981] for
further discussion.) Obviously, expression (2) summarizes a considerable
amount of intermediary and customer optimizing behavior.

Since some assets are carried over from the past, actual bank revenue
differs from R* to the extent that past market rate conditions differ from
those currently prevailing.4 Reported revenue adjusts toward R* with a lag
that depends on the asset portfolio’s average maturity (duration), and a
properly specified regression equation must incorporate this partial
ad justment. In ad&ition, a growing bank acquires new resources each period
that can be invested in assets whose returns reflect current market rates.

The Appendix derives (3) as the proper specification for this two-part

adjustment process: '

R TA. - TA
t R 2 t t-1 ~
(3) TA_, % *t al(TA)t_l tapr, g + o lr ( T, )+ e

The first four terms in (3) describe a standard partial adjustment
specification for revenue to R*; the term multiplying @, captures the

return on net new assets. Expected coefficient signs are:5



ag, a2, a4 > 0

0.320.

The revenue stream’s estimated speed of adjustment is (l-al), which implies

a mean lag (corresponding to the portfolio’s average maturity) of fog/(1-

®1)}. The reasonableness of this implied lag constitutes one check on the

specification (3).

Bank Operating Costs and Net Income

The optimal cost of acquiring a liability portfolio (C*) is determined
in a way exactly analogous to R¥ in (2). Specifying the same type of

partial adjustment process, bank costs are described by:

C TA_ - TA
t _ C 2 t t-1
=By + BI(TK)t_l + Byry + Bygp + B, [r ( Th_,

(4) Y] + 1.
£-1 t

The coefficients’ expected signs and interpretations are analogous to those
for regression (3).
Finally, the same partial adjustment process was specified for bank

net income (NI):

NI TA,_ - TA
£t NI 2 t t-1 ~

where net income is the difference between Ry and C;, less taxes, realized

capital gains or losses, and other extraordinary items.



IT. ESTIMATION PROCEDURES

Data

In constructing a detailed data base on smazll (and, in most cases,
nontraded) banks, one is effectively 1i;ited to the Federal regulatory
agencies’ Reports of Income and Condition. Ihese are available on computer
tapes at least back to 1960, although frequent reporting format changes
make it difficult to assemble consistent series for any length of time.
Annual data were gathered on individual banks in continuous existence from
1960 to 1978.6 Twelve insured banks were chosen at random from the
national population in each of five asset size categories (base on yearend
1978 assets): 1less than $25 million, $25-49.9 million, $50-99.9 million,
$100~299.9 million, and greater than $300 million. Holding company
subsidiary banks were excluded from the first four size groups;’/ banks
above $300 million were included regardless of their subsidiary status,
since large independent banks may not be representative of the population.8

Federal reporting forms underwent a major revision in 1969, making it
difficult to compare pre-1969 with post-1968 data. (See Federal Reserve
Bulletin (July 1970), especially pages 571-572.) Several reporting
categories were changed at that time {(e.g. the Provision for Loan Losses is
excluded from net current operating expenses prior to 1969 but fncluded
thereafter), but consistent time series could be assembled with some
care. Two more substantial reporting changes should be noted in detail.
First, banks with assets above $25 million were required to accrue all
expense and revenue items beginning in 1969. (Either cash or accrual

accounting had previously been acceptable.) The effects of changing over
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from cash to accrual accounting precedures cannot be determined, but they
are likely to be small for annual data. In any event, this change affects
only the sample’s smallest banks.
The second maior change in 1969 isipotentially more important. Banks
may genetally form subsidiaries that undertake banking activities at a

geographic place in which the bank itself is empowered to operate. The
most common subsidiaries involve mortage banking and equipment leasing.9
Such subsidiaries should reasonably be consclidated with the bank in
assessing the effects of market rate changes. Before 1969, banks had the
option of consolidating their majority—owned subsidiaries or not. In the
latter case, net income from subsidlaries was reported as "income from
other investments". After 1968, banks were required to file fully
consolidated balance sheet and Income statements for significant
subsidiaries. To avoid the time series shifts that might occur between
1968 and 1969 for banks that had not been consolidating, banks that
consolidated any subsidiaries in 1976, 1977, or 1978 were assumed to have
had major subsidiaries before 1969 and were therefore excluded from the
sample. (Call Report forms contained no information on the presence of
consolidated subsidiaries prior to 1976.) While this procedure does not,
of course, guarantee that no sample banks operated important subsidiaries
earlier in the sample period, it seems a reasonable enough precaution.

The level of market interest rate was represented by the average
annual yield on 3-5 year government bhonds. (Empirical results using the 12
month treasury bill rate are very similar.) Market rate variability was

proxied by the standard error of an ARl regression for the weekly bond
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rates within each year.l0 Conceptual difficulties make it cumbersome or
impossible to differentiate anticipated market rate changes from
unanticipated. Essentially, the conundrum is that at any point in time a
bank’s portfolio of fixed rate assets éhd liabilities has been negotiated
over numerous past time periods. Since security values are not marked to
market daily, new information 1s not immediately incorporated into asset or
liability prices (book values). The information set relevant to separating
anticipated from unanticipated rate changes is therefore ill-defined even
in principle. In addition, deposit market imperfections, interest rate
cellings, and so forth may limit the bank’s or customers’ ability to
respond even to rate changes that are fully anticipated by all concerned.
Under the circumstances, ex post market rate observations seem at least as
relevant as (ambiguously defined) ex ante anticipations would have been.

Bank revenue in (3) is represented by gross operating income, which
includes both fee éhd interest income. Presumably, fee income does not
vary particularly with market rates and is largely captured by the constant
term in (3)}. Bank costs in (4) should include all expenses asgociated with
financing the bank’s liability portfolio: interest costs and selected
noninterest expenses that constitute implicit interest payments on deposit
balances subject to Regulation Q. Unfortunately, reported noninterest
expenses include both implicit interest items and other operating costs.
If the latter--fixed costs and those associated with asset management—-do

not vary importantly with market interest rates, total operating expenses

can be used to represent C, in regression (4). This seems a plausible

assumption.
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Net income in (5) is the bank’s "bottom line" profit after taxes,
realized securities gains or losses and other extraordinary income items.
The last two items are somewhat discretionary and can be used to smooth out'
income fluctuations. (Data on current operating income net of relevant
taxes would therefore have been preferable, but were unavailable.) The
impact of income smoothing behavior on the empirical results reported below
cannot be ascertained. WNote, however, that smoothing only re-distributes
income through time, and does not create additional, fictitious income. If
a bank possesses sufficient net income to smooth out short run interest
fluctuations of the relevant size, the danger to bank stability (that is,
its exposure to interest risk) cannot be too great! In any event, the
basic assessment of a bank’s risk exposure can be derived by comparing the

revenue and cost regressions ((3) and (4)) without reference to the net

income results.

Statistical Techniques

The parsimonious specifications (3), (4}, and (5) may well omit some
explanatory variables that affect two or more regression equations. These
regresslons were therefore estimated simultaneously for each commercial
bank using Zellner’s "seemingly unrelated" method. This approach generates
noticeably more efficient (i.e. smaller variance) estimates of the
underlying parameters than OLS. In addition, Zellner generates covarilances
between coefficient estimates in different equations, allowing more

accurate comparisons of the revenue and cost stream adjustments to market

rate changes.
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Autocorrelated distufbances in the presence of a lagged dependent
variable in (3) fhrough (5) would bias coefficient estimates (especially
the speed of adjustment) and the estimated stan&ard errors. In order to -

avoid this possibility, each{tgg:éésion?wag_eq;ima;ed using the iterative

R

Cochrane~Orcutt correction fdr.serial corrgiation.

Finaily, the regtegsiohiﬂesCfibing g:bs; prertax revenue (3) must be
ad justed to recognize ﬁhé tax—ffee status of intergst_income from state and
-local bondg. In equilibrium, the state aqd-locai_bond rate would be
approximately (1-T) tiﬁeg the fullf téxabié.tate; where  is the market’s
marginal tax rate. Assuming.a 50Z marginal baﬁk tax rate, reported revenue
as a proportion of assets could be adjusted to a pre-tax equivalent by
elther dodﬁling the interest earned on municipgl bonds or by halving the
stock of municipai'debt held (denotéd.SL;;n:(3?)), Since data on tax free
interest income were unavailablg_p;iot-;d }969,'thé 1at£er method was
emﬁloye&, vielding a fevénﬁe equatiﬁﬁ-tofbé'estimated:

R ) .
. t R . 2
S TS T T % ! (TA=(0.3)8L)__, T are ¥ %%

(TAr(G.SésL)él— (TA-(0.5)SL) _, -
toolr( CTA=T(0.5)8LY N+ e

IITI. EMPIRICAL RESULTS
- The paper’s primary empirical results are presented in Table 1, which

summarizes coefficient estimates and relevant hypothesis tests for each of

LTS

the sixty sample banks. (Table A-1 in the Appendix reports additional

BRI Mg | b g



TABLE 1:

Basic Regression Results

B
Bank o Hypothesis %2 2 _Y%...
Number ay By Y1 Tests™ 17 1-B 1-vy
1 1.015 -0.081  0.366. bec  -4.895 -0.045 0.081 -
2 -0.187 0.575  -0.933* 0.031  0.043 0.017°
3 0,483 0.684 0.320 d -0.040  0.053 -0.05
4 0.906 0.960 1.114 ' 1.312 3.742  0.568
5 0.891 1.025 0.606 1.587  =0.103 0.256
6 -0,338*% 1.098*  0.601 b -0.036 -0.107 0.165
7 0.884 0.519 0.192 -1.346 -0.594 =0.092
8 0.155 0.297 1.029 -0.052 -0.005 =1.642
9 0.211 -0.073 0.687 0.009 -0.024 0,047
10 0.243 -0.112 0.898 0.033 -0.045 -0.058
11 0.883 0.934 0.601 1.003  0.416 0.183
12 - 0.357 0.591  -0.095 ¢ 0.454  0.438 0,081
13 -0.612* -0.165 0.378 -0.017 -0.029 0.066
14 0.469 0.661  -0.122 bed 0.847 0.826 0.022
15 1.085 0.711% 0.611 bed -2.385 0.069 0.195
16 ~0,047 0.120 0.128 a2 c¢d  0.259 -0.102 0.077
17 -0.193 -0,178 0.141 -0.114 -0.115 0.019.
18 0.707 0.579  -0.465* b 0.513  0.601 0.014
19 0.260 0.664  0.226 bec C0.777  0.499  0.187
20 10.899 0.921  -0.351 2.639  0.674 0,522
21 0.668 0.774 0.765 1.134 1,393 -0,097
22 0.865 0.921°  0.721 ¢ 1.697  0.956 0.193
23 0.552 0.557 0.717 0.885  0.692 -0.018
24 0.660 0.763 0.176 1.111  1.174 0,028
25 0.707 1.026 0.077 b e 1.357 -2,285 0.114
26 0.812 0.803  -0.416 1,489  1.256 0.064
27 1.043 0.793 0.009 b e -2.529  1.452 -0.066
28 0.815 0.863 0.051 1.705  2.032 -0.020
29 0.535 0.685  -0.023 be 0.939  0.833  0.061
30 -0.600 0.649 0.065 1.747  1.532  0.112
31 0.939 0.902 0.225 d 3,777  1.498 0.189
32 0.834 0.769 0.325 0.933  0.630 0.044
33 0.731 0.823 0.776 a ¢ 1.331  0.912 0.262
34 0.902 1.062 0.389 2.349  -0.749 0.115
35 0.485 1.261* -0.604 b -0.023 0.026 0.082
36 0.708 0.770 0.136 bed 0.672  0.252 0.080
37 0.592 0.755 0.527 b d  1.556 1,471 -8.020
38 0.787 0.890 0.297 0.911 = 1.503 0.099
39 0.470 0.229 0.785 0.141 -0.001 0.154
40 0.688 0.791 0.344 0.886  0.550 -0.009
41 -0.037 ~0,250 0.911 -0.280 -0.178 0.018

e T



s

TABLE 1: Basic Regression Results (Cont’d)
% By '3
Bank Hypothesis -

Number 1 B Yy Teste*™ 1" 178 1=y
42 0.585: 0.750 0.631. - b.. . 0.189. 1-0,297- -.0.067
43 0.85% 1.015 0.636 be '1.806 .8 0,167
44 - 0.846 1.009 0.601 be 1.577 1,890 . 0,069
45 -0.046 0.110 0.308 a ¢ 0.233 .164 0.397
46 0.564 0.905  -0.606* b 1.261 63313 -0.141
47 0.454 0.458 0.698 a ¢ 0.717  0.259° 0,203
48 0.697 0.813  ~0.220 1.146  0.974 0,091
49 0.596 0.894 0.802 be 0.940  1.764 -0.148
50 -0.175 0.110  -0.007 0.732  1.079 -0.,044
51 0.341 0.480 0.118 b e 0.654  0.543 0.038
52 0.081 0.010 0.039 a 0.304  0.178 0.093
53 0.725 0.647 0.772 ab 1.914  0.946 0,516
54 0.525 0.616 0.558 1.079  0.961 - 0.029
55 0.238 0.801 0.263 bec 0.919 1,602 0.179
56 -0.199* -0.257 0.715 b 0.528 0.377 -0.013
57 0.710 0.846 0.122 c 1.366 1.527  0.120
58 -0.102 0.131  -0.281 bed 0.604 0,598 0.017
59 '~0.037 0.096 0.152 0.831  0.840 0.149
60 0.789 0.626 -0.104 a 1.536 : 0.236

*Significantly oﬁtside'

the [0, 1] intefval 5% cohfideﬁee:leéel.

*Significantly different from zero, 52 confidence level (one—
tailed test).

ing hypotheses.

a. long run interest rate impact onm bank revenue f
differs from the long run impact on bank cost [

**Letters indicate acceptance (57 confidence level) of the follow-

a,/(1-a,)]
82 /(1-eD)] .

b. Revenue adjustment speed (I-a ) differs from cost adiustment
speed (1-8 Y .

c. Revenue interest rate coefficient (a ) differs from cosi

cofficient (B ) .

i
v

d. Revenue interest rate variability coefficient (03) differs
from cost coefficient (B ) .
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information about these regression.) Banks in Table 1 are numbered in
order of increasing asset size. Although it is difficult to summarize 180
regressions, on the whole the estimated models fit the data well. First,
F-gtatistics (reported in Table Ari) fndicate statisticaliy_gignificant
relations (5% level) for 159 of léo_estimated equatioqs. Setoﬁd;"theory
requires that the adjustmént speed-in each reg;eaéion lie between zero and
unity. This hypothesis is accepted at the 52 level for all but 3 of 60 o
estimates, 2 of 60 B) estimates and 3 of 60 Y] estimates. The number of
outliers is well within the margin of experimental error: with three
regressions for each of 60 banks, approximatéiy 9 coefficient estimates
would be expected to lie significantly outside.of the theorectically
correct range by chance alone. The majority of “1n¢orrect“ adiustment
parameters occur in small banks whose accounting procedures may be somewhat
unreliable. Finally, the model’s overall stability was tested b§ dividing
the sample period in half: 1961*1969 and 1970-1978. Chow t¢sts accepted
the hypothesis of homogeneity at the 5% level for 177 of the 1805est1m§ted
regressions. {This result has further implications for interpreting the
results about bank balance sheet hedging. See the Conclusion.)

Rate Variability. As reported in the Appendix (Table A-1), the market

rate variability (Ui) coefficients were only sporadically significant (5%
level, one-tailed test): 11 of 60 in the revenue regressions, 10 of 60 in
the cost regréssions, and 8 of 60 in net income (4 negative, 4 pqsiéive).
This compares with coefficients on the interest rate level which were :
significant in 45 of 60 revenue regressions, 31 of 60 cost regressioms, and

24 of 60 of net income regressions. More importantly, the study’s primary

TP
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conclusions regarding relative asset/liability maturities and the long run
impact of market rate changes on bank profits were basically unaffected by
the presence or absence,of.rate variability emong the explanatory
variables. . The slight impact of ‘market™ rate variability ou bank profits ist
an important negative conclusion. The ensuing discussion focuses |

exclusively on market rates levels.

Asget/Liability Average Maturities. The speed hitn:which'e bank’s
revenue adjusts tomarﬁet rate changes is given by (l—ul); the 1iability
cost adjustment speed is (I-Bl). A maturity miomatch (or "funding_gap")
corresponds to statistically different estimated values of o, and Bl in
Table 1. The estimated coefficients are statistically indistinquishable
for 38 of 60 sample banks. Of the remaining 22, the inplied aoset maturity
1s significantly shorter for 17. These results.contreet sharply with the
"borrow short and lend long" view of banking. The hypothesis that banks
match maturities is. accepted for a sizable majority of sample benks, among
those that appear to have different asset ani'linbility naturitien 772 !fﬂ!i

for a shorter average maturity than they borrow!

Impact of Market Rate Changes. The immediate (contemporary) effect of

a change in market rates on a bank’s profit margin {s measured by the
difference between By and a2. These coefficients are statistically
indistinquishable for 39 of 60 banks (65%Z), still leaving 21 banks showing
a significant short run impact of market rates on their pretax prof%t
margin. This effect diminishes over time, as differing asset/liability

maturities and different contemporary market rate effects tend to cancel

one another out. The long-run impact of a change in market rates on
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¥evenue and cost differs (at the 52 level) for only 7 of 60 banks. Most of
thege institutions (5 of the 7) are large--above $100 million in total
asgets——and in all seven cases the banks’ average interest margin varies

A

directly with the level offm;rket tates;j,Thésé:resnltéAaié?s@rpxisihgly

N FIIRTIMUR

sanguiﬁe; containing no eiidénce that'markgt_rate fluetuations pbse serious
dangers'tb coﬁmercial banks.asﬁa’group._'Toﬁthéfcontrary, they apﬁgar
remarkab1§VWe11 hedged against ﬁarket rate changés. Banks tend to horrow a
bit shorter term than they lend, and the only banks ﬁith gignificant long
run responses to market rﬁte changes beﬁefiﬁ from higher interest rates.
The long run impact of a market rate change on_EEE_indoﬁe cdﬁséifutes'
an altefnative criterion for evaluating the interest rate risk exposure of
banking firms. This measure may be less rgliable than the profit margin
resulté pépof;gd'above because net_incqme'ié‘ﬁdre susceptible to income
stoﬁhiﬁg manipuiations than are revéﬁpes or costs. The NI results
nonetheless reinforce thé impréssioﬁ that market rate risk exposure is not
terribly widespread. Thirty—six gsample banké'éhow no significant response
of NI to market rate changes, and F-statistics indicate that 30Z of the NI
regressions (18 out of 60) have no explanatory power at atl (5% confidence
level). (See Table A-l in the Appendix.) The long run impact on NI of a
market rate change differs significantly from zero for only 19 banks, with
17 showing NI positively related to the level of interest rates.ll Ag
T \

before, the NI regressions indicate that a large majority of banks &re not

significantly mismatched and those that are seem to benefit from market

rate increases.

YT

B
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Short Run Responges to Rate Change. Despite these sanguine long run

implications,. banks could still be threatened if market rate changes
temporarily raise eoets-substantially above revenuel This possibility

tntneo‘outgto be a tednhertlﬁg} Starting from an assumed\long-run

R e

equilibrlum; each bank’s estimated regression eoefficients from (3), (&)
and (5) were used to simulate the dynamic reeponses of revenue, costs, pre-
tax interest margin, and net 1ncome to several patterns of market interest
rate shocks:

l. a permanent incfeesefof 100 basis points;

2. a flve-year increase of 100 basis points, followed by a return to
the initial level;

3. a three year increase of 100 basis points, a one~year ‘drop of 100
basis points, followed by a return to the initial level.

In each case, bank revenues et al. converged to their long run levels
monotonically. Since the equations are linear in interest rates, larger or
smaller transformations of these shock patterns would generate proportional
responses in revenue, costs, etc.

Structural Stability. The data evaluated here end in 1978, but

institutional changes undertaken since then may prominently affect retail
banking (at least on the deposit side) in years to come. If Regulation Q
has effectively limited the competition for retail deposit balanceg, the
conclusion that banks are substantially unaffected by market rate
fluctuations cannot be extended to a deregulated future. Yet marke§
conditions and institutional arrangements also varied considerably between
the 1960’s and the 1970°s. As market rates moved higher and became nore

volatile, Regulation Q was liberalized to allow an increasing assortment of

A 3 e et 0 e o
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longer—term certificate accounts that had not existed prior to 1969. For
large money center and regional banks the change was even more dramatic, as
negotiable CD ceilings were effectively eliminated in 1970 and the industry-
moved to a variable prime rate. Despil:: l-a11 this, the Cheﬁf<,teeta_,_ described
above indicate that virtually all the estimated regressions are stable over
the entire sample period (1961—19?8). Banks responded similarly 1n both ;
decades to market rate changes, even though the 1nstitutional and economic

environment underwent significant modifications.

IV. BALANCE SHEET DETERMINANTS OF BANK INTEREST RATE RISK EXPOSURE
Despite the fact that bank interest rate risk exposure dees not appear
to be widespread, recent history indicates that excessive risk—-taking by
individual instituriens ceh cause regulatory problemsg"h'methodifor
estimating individualzbank's agset/liability balanee-froﬁ%rerorted
information would therefore be a uvseful policy tool for bank regulators..
The relatively coarse balance sheet information historically available from
public sources will likely make this goal difficult to'achieve; though
recent Call Report format changes have moved in the direction of_providing
additional relevant information.
This section contains a tentative effort to explain cross—section
.variations in asset and liability maturities with readily available balance
sheet information. Various asset and liability items were caleuletﬁe for
each bank as a proportion of total assets for the entire sample period and
for two subperiods: 1961-1969 and 1970-1978. (Each bank’s asset ratios

sum to unity, as do the liability ratios.) The following cress—seetion

regression was then estimated separately for assets and liabilitities:12

IR g S i h i
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(6) Cy = By & Byt

where Cj = the estimated asset (liability) adjustment coefficient of
the ith bank: ay (Bp)y! -

Pyj = proportion of total assets held in the form of the ith
‘asset {(or 1iability): of ‘the Jjth bank.

i R G G

By omitting one balance sheet item with known maturity from (6), the & : f
.provide estimates of each asset (liabiliff)nitemﬁs maturity relative to
that of the omitted item.13 Cash was the asset item omitted from the
regression; equity was omitted from the 1iability side. Since neither of
these items generates reported revenue or costs, mérket rate changes are
never reflected in fhe return‘on cash of cost of equity, A bank with all
its assets in cash would have @) = 1; a bank funded entirely with equity
would have B = 1. Any asset (liabilitf) whose reported return (cost)
variés with market rates will 1n¢reése-revenue's-(pést’s) spéed of

ad justment when subs;ituﬁed for cash (eqdity). In other words, all. the
estimated coefficients In (6) should be negative.

While separate regressions were calcﬁlated for three sample‘periods,
the most sucessful results occurred for the>period 1970-78. These
regressions are reported in Tables 2 and 3. The 1iability regression is
highly significant, and most of the estimated coefficiénts are either of
the correct sign or insignificant. The exception is "Other Borrowings",
whose coefficlent 1is large, highly significant and incorrectly signed.
This result may be due to the fact that Other Borrowings incorporatés a
diverse set of liabilities that are not comparable across sample banks. %

Maturity differences among the liabiiity categories in Table 2 can be "

evaluated via the estimated coefficients’ variance-covariance matrix. The



TABLE-Z: Cross—Section Variation in
Liability Adjustment Speeds (1970-78)

Dependent
Independent - . “Variable,
Variable : S Bl
Time and ' 0.14
Savings Deposits : (1.02)
Demand Deposits -0.62**
(3.20)
Other Borrowings 11,9%
(2.20)
Mortgage and -1.43
Capital Notes {(0.18)
Federal funds Purchased -6.71%*
(3.89)
2 .66
F-statistic 20.29**
‘Mean of Dependent .599
Variable
SER .211
n 60

Independent variables are all expressed as a percentage of total
assets.

Numbers In parentheses are t-statistics.

statistically significant at the 5% level, one—tailed test.

o

k%

statistically significant at the 17 level, one-tailed test.

TR M s e e L L
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following liabilities’ average maturities differ significantly (57 level)
from one another (listed in order of increasing matufity):

Federal Funds Purchased

Demand Deposits

Time and Savings Deposits

Other Borrowings.
It is reassuring to find federal funds with a significantly shorter
maturity than the other items. Also notable is the implied demand deposit
maturity: significantly longer than federal funds but shorter than time
and savings deposits. This finding, i{f substantiated, would carry
important implications for calculating a bank’s average liability maturity.

The asset regression in Table 3 also explains a highly significant
proportion of the cross~section variation in @), The coefficients ére all
negative or insignificant. The fact that the coefficient on Building and
Real Estate exceeds (in absolute value) that on Federal Funds Sold is
worrisome, but the difference is statistically 1nsigqificant. Most asset
categories’ implied maturities do not differ statisticali& from one
another, but the maturity of Federal Funds Sold is significantly shorter
than Agency and Government Bonds, Gross Loans, and Municipal Bonds. This
is, of course, consistent with expectations.

Taken together, Tables 2 and 3 provide grounds for a modest degree of
optimism. Even though assef and liability items are quite coarsely
defined, the regressions explain a large proportion of the croés~se?tion
differences in average maturities. The statistically significant m;turity
differences appear sensible. With further refinements and more detailed

data, this preliminary methodology may ultimately provide some guidance to



TABLE'3: Cross—-Section Variation in

Asset Adjustment Speeds (1970-78)

Dependent ‘ N ; -
Independent Variable . : '
Variables ] e | _
Federal Funds Sold -4.81* o
(2.28) ’ .r
Building and Real -14.6"
Estate (2.08)
Agency and Govermment 015
Bonds (.03)

Other Securities -1.33

(.23)
Municipal Bonds 194

(.11)
Gross Loans 126

(.44)
B2 .53
F-statistic 9.63*%*
Mean of Dep. Var. .498
SER 326
n 60

Independent variables are all expressed as a percentage of total

assets.

Numbers in parentheses are t—statistics. !

* = gtatistically significant at the 57 level, one-tailed test.

* = statistically significant at the 17 level, one~tailed test.

AL dee L
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regulators concern with identifying maturity mismatched financial

institutions. Further research in this direction seems warranted.

CONCLUSION

The primary empirical conclusion emerging from this Study'can be
expressed in a negative fashion: no evidence exists to support the
presumption that commercial banks as a group.are dangerdusly exposed to
interest rate risk. Individual banks certainly can undertake such risk,
but most banks have access to a sufficient range of asset and liability
choices to effectively hedge their profit margins: Only seven sample banks
display a permanent effect on pre-tax profit margins when market rates
change. Even in the short run, profit margins do not swing wildly when
market rates change. ﬁowever, a greater number of sample banks (19 out of
60) exhibit significant market rate effects on their met income. Does this
imply that approximately one-third of all banks are potentially endangered
by rate fluctuations?

This fraction must be considered a substantial qverestimate of
Interest rate risk exposure for several reasons. First, the sample under
conslderation does not accurately reflect the bank population. Large banks
are greatly overrepresented here, and their net incomes are more likely to
show significant Interest rate effects. Second, unless income is
positively related to market rates, bank market values will vary ingersely
with interest rates. (To be exact, the change in NI per 100 basis goint
change in the market rate that just stabilizes bank market value is the
bank’s capital/asset ratio.) The long run NI results in Table 1 are

therefore consistent with banks hedging their market values as opposed to

2 R I A R S~ s T L
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their income streams. Finally, and perhaps most important, the empirical
results make no distinction between anticipated and unanticipated rate
changes, though the former should have relatively little effect on true
(i.e. economic) bank 1ncome.' Aﬁ wﬁrst,‘one can fear that‘one—third of #11
banks might be exposed to interest rate risk--and this only 1f the net
incoﬁe results are preferred to the profit margin results reported above.

Preliminary efforts to explain cross section asset/liability balance
characteristics from average balance sheet ratios met with limited
success. This effort represents an initial step toward regulatory
application of the paper’s analysis. For individual bank planners, who
have or can generate far more detailed information than what is available
publicly, this sort of estimation effort may meet with greater success.

Application of these conclusions to the evolving, less regulated
financial environment requires an assumption that the underlying model
specification will not fundamentally changed. While this situa;ion
characterizes all empirical work, many analysts view tﬁé post—-1978
institutional changes in the depository intermediary sector as profound and
far-reaching. Will these results carry forward te an environment without
binding Regulation Q ceilings? Clearly, those who believe that implicit
interest payments have effectively substituted for explicit will have
little pétience with the notion of a profound structural shift. Fo;
others, the Chow tests reported above should prove relevant: despiée the
fact that the financial environment of the 1970’s differed sharply from the
1960°s, very few estimated regressions displayed a statistically

significant structural shift between the two decades. Individual banks can
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(and doubtless will) choose to undertake sizable interest rate risk
exposure, but this is by no means a pangeneric element of banking.
Regulators can adequately deal with interest rate risk on a case-by-case
basis. The uniformity of these conclusions suggests——though it surely does
not prove--that the banking system’s exposure to interest rate risk should

not be a prominent policy concern in the vears to come.



FOOTNOTES

1Though it is tempting to include capital gains or losses on
ocoutstanding assets and liabilities in Rt» this would amount to double-
counting and should be avoided. (In addition, of course, data on market
value changes are largely unavailable.) Consider the impact of an increase
(say) in market rates on the value of fixed rate assets. The constancy of
nominal returns relative to the discount rate causes the capital loss:
substracting that loss from interest income in (1) and discounting once
again would double-count the impact of market rates on the asset’s value.
When capital gain or losses .are realized, the situation is further
complicated, but this income is very small among sample banks. The
absolute value averaged less than .03% of total assets in 1978.

2Naturally, market rate changes may affect the discount rate in (1),
but for a bank whose market value is initially positive a discount rate
change is not very likely to induce firm failure.

3See Flannery [1981], for a discussion of why and how these two
aspects of market rate conditions should be are separated.

41n principle, a bank could adjust its reported revenue to (2)
instantaneously by liquidating all old assets whenever market rates
change. Such a policy is neither particularly feasible nor advantageous to
the bank’s shareholders.

3Since the average increment to investable assets is approximately (/4
(TAt-TA¢-1)), a4 should be less than 0.5 by the proportion of nonearning
assets held at the margin. However, a seasonal pattern of asset growth
would make [Hb(TAt—TAt_l)] a blased estimate of average new assets, tending
to either raise or lower oy,

6Banks that acquired other banks via merger during the period were
included in the sample provided the acquiring bank 'did not change its name.

7Subsidiary banks were excluded for two reasons. First, an individual
bank’s cost and revenue data may be biased if the parent has any incentive
(tax or otherwise) to transfer cost/revenue among subsidiaries. Since the
paper’s empirical procedure relies on the accuracy of noninterest costs, it
seemed best to exclude holding company subsidiaries. Second, regulators
manifest concern about the risk exposure of individual banks, but a holding
company may prefer to manage its overall risk exposure by offsetting
different subsidiary banks’ net positions. If the holding company would
tend to "bail out" subsidiaries that become troubled in order to protect
its integrity in the financial compunity, serious interest rate risk
exposure among individual holding company subsidiary banks would not
neccessarily imply a danger of financial sector instability.
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84n important further study would investigate whether subsidiary banks
are more or less risky in this regard than independent banks. Evidence
reported below applies only to sample banks larger than $300 million and
suggests no overwhelming difference between the behavior of independent and
subsidiary banks. Seven of the twelve largest banks were holding company
subsidiaries. Of 3 banks with significant long run profit margin changes
following a market rate change, 1 was a subsidary. Of 6 banks showing a
significant long run effect on net income, 4 were subsidiaries. (See the
discussion of Table 1 below.)

9Note that these differ from subsidiaries of the holding company that
may own a bank.

1010 other measures of market rate variability yielded similar
results: the unadjusted standard deviation of weekly rates around the
mean, and the range (highest minus the lowest) of rates over the year,
omitting the five highest and five lowest observations.

Hpor these 19 banks, the average long run change in net income
associated with the market rate increase of 100 basis points is +17.3 basis
points (18.9 basis points ignoring signs), compared to a 1978 average value
for NI/TA of 103 basis points.

1ZRegressions of the same form explaining cross-section variation in

interest rate responsiveness (&g, By, ap By) Were about as successful as
those shown in Table 3 and 4.

13This interpretation of (6) is valid only if the asset and liability
items are homogeneous across sample banks. (For example, all banks’ demand
deposit balances must possess approximately the same average maturity.)
Otherwise, " errors in variables may bias the estimated
coefficients toward zero.

-IAThis specification assumes that Oi does not affect earnings on net
new investable assets.
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APPENDIX
Derivation of Regression Specification (3).

Total nominal revenues can be written
(A-1) = 2 (TA, - TA, ,)] + GoOI +
6oL, = glr,, oy, t t-1 t

The first component represents the return on net new assets, which
should fully reflect current market rates. The portfolio of "old"
assets (TAt—l) earns GOI: this period, reflecting current market
rates only to the extent some old assets have matured and been rein-
vested. Assuming that a linear form of (2) describes the target

return on old assets

* 2
- - +
(A-2) GOIt [wo w, r +w Ut] TAt—

1t 2 1

*
and approximating the adjustment of GOI: to GOIt with

+ *
(A-3) feor, - Gor, _,1 = v[GoI, - 6oL __,]

yields an expression for GOI::

+
(A-4) GOI_ = (1-A) GOI__, + [dwy + dw; ¢

2
+ szot] TA, -

t

The first component of (A-1) can be approximated linearly byl4

(A-5) g(e) =r [¢. (TA - TA _ )] 0<¢<1,

t-1

where ¢ controls for the period’s average change in assets. (If
assets change linearly at a constant rate throughout the period, for

example, ¢ =15 ) Substituting (A-4) and (A-5) into (A-1) yields the



following expression for nominal bank operating (after dividing

through by TA¢-1):

GOL
(4-6) T =+ “1(‘%%}"%-1 Toagre t °‘3°§
t-1

TA - TA
t t-1 ~
* ah[rt(_'ﬂ__—").] Toeg
t-1

This is the regression form estimated in the text.
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