
A Nationwide Test of Early 
Warning Research in Banking

Three years ago the United States banking and finan
cial system faced the severest test of its stability and 
capacity to endure heavy financial strain since the 
1930’s. The nation’s financial institutions came through 
that test with far less damage than might have been 
expected during a period Of economic and financial 
trauma. That the rampant inflation of the early 1970’s, 
compounded by a sharp recession and an energy cri
sis, did not do more damage than it might have prob
ably reflects a far stronger financial base than is com
monly recognized. At the same time, the difficulties of 
the early and mid-1970’s disclosed some areas of 
financial weakness that will occupy the attention of 
bank managements and bank supervisors for some 
time to come.

In view of the responsibility of the bank regulatory 
agencies1 to maintain a safe and sound banking sys-
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1 Commercial banks in the United States come under the 
jurisdiction of three Federal regulatory bodies. The Federal 
Reserve regulates state-chartered member banks and bank holding 
companies, the Comptroller of the Currency regulates national 
banks, the Federal Deposit Insurance Corporation regulates state- 
chartered commercial banks that carry FDIC deposit insurance 
and are not members of the Federal Reserve. Further, each of the
fifty states has regulatory jurisdiction over the commercial 
banks they charter.

tem that meets the nation’s credit needs, the Banking 
Studies Department of this Bank has for several years 
pursued a project to discover through statistical tech
niques banks that appear to be vulnerable to financial 
deterioration. Statistical early warning procedures are 
intended to supplement the investigative and analytic 
tools already used by bank supervisors. The most 
important tool is the on-site examination, which pro
vides comprehensive and reliable information on the 
condition of a bank or bank holding company. In 
aiding bank supervision, statistical early warning can 
help identify and monitor significant changes that may 
be taking place in a bank’s financial condition between 
scheduled examinations. Thus, supervisors can be 
alerted to emerging conditions that indicate more de
tailed investigation and analysis are needed at particu
lar banks.

In this article, we report on a nationwide test of 
the early warning concepts and procedures that were 
developed from information on member banks in the 
Second Federal Reserve District. This test became pos
sible when nationwide historical data on the bank 
supervisory ratings of member banks were made avail
able to us by the Board of Governors of the Federal 
Reserve System.2 The results strongly suggest that 
these early warning procedures can provide insight 
into the degree of bank risk and also can help

2 There are four possible supervisory ratings that can be accorded 
a member bank. A rating of "1 ” is the highest indication of 
soundness and safety. A rating of "2" is considered intermediate, 
but nonetheless quite satisfactory. Ratings of "3" and “4 ” 
indicate financial difficulty and represent the range referred 
to in this paper as a "low supervisory rating". All these 
ratings are awarded banks on the basis of information obtained 
in on-site examinations as well as other relevant information.
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improve the efficiency of bank supervision. The statis
tical screening procedures we have developed facili
tate the deployment of resources for the examination 
of banks that have a measurable potential for weak
ness, while minimizing supervisory outlays on banking 
institutions that are strong and likely to remain so. 
These screening methods have been under discussion 
within the Federal Reserve System for some time in a 
joint effort of Federal Reserve personnel to develop 
improved and more cost-effective methods of detecting 
actual and potential bank weakness. Those discussions 
have contributed significantly to the refinement of the 
early warning techniques reported here. This year a 
bank surveillance program based on that joint effort and 
using the methods described in this report was added 
to Federal Reserve supervisory procedures.

The results of that early warning research were 
reported in a series of articles published in this 
Bank’s Monthly Review, dating back to September 
1974. The most recent of these papers was published 
in July 1976.3 That report showed that several impor
tant measures of bank financial condition— namely, 
capital in relation to risk assets, operating expenses 
and revenues, loss provisions, and certain indicators 
of portfolio risk, all obtained from the data filed 
regularly in financial reports to the bank regulatory 
agencies— can be combined to provide an index of 
bank vulnerability. Research conducted on member 
banks in the Second Federal Reserve District indicated 
a strong tendency for member banks that appear most 
vulnerable on the basis of our bank score index to 
receive low supervisory ratings subsequent to their 
receiving weak bank scores on the basis of reported 
data. A low supervisory rating reflects the judgment of 
bank supervisors, based on information obtained in an 
on-site examination, that the bank in question has 
sustained marked financial deterioration.

The nationwide results reported in this article indi
cate a remarkable degree of consistency in the extent 
to which bank vulnerability can be detected through 
statistical techniques that employ regularly reported 
financial data. The analysis is effective either for re
gional groupings of banks or for selected nationwide 
size classes. This is an important finding, since it sug
gests that bank supervisors have wide latitude in using

3 See David P. Stuhr and Robert Van Wicklen, “ Rating the Financial 
Condition of Banks: A Statistical Approach to Aid Bank Supervision” , 
Monthly Review  (Federal Reserve Bank of New York, September 
1974), pages 233-38; Leon Korobow and David P. Stuhr, “Toward 
Early Warning of Changes in Banks' Financial Condition: A 
Progress Report", Monthly Review  (July 1975), pages 157-65;
Leon Korobow, David P. Stuhr, and Daniel Martin, “A Probabilistic  
Approach to Early Warning of Changes in Bank Financial Condition", 
Monthly Review  (July 1976), pages 187-94. These papers contain 
a number of references to early warning research conducted by 
others in the field.

regional and national data to conduct early warning 
analysis. Since banking data usually are available first 
at the regional offices of the Federal bank regulatory 
agencies, while national tabulations are ready somewhat 
later, regional analyses can be conducted without delay. 
Furthermore, regional groupings may, in some circum
stances, provide the most appropriate basis for com
parison of the performance of individual banks. Na
tional samples, when available, can be useful in the 
study and surveillance of the practices of institutions 
engaged in similar types of banking activities.

On bank vulnerability
An empirical investigation of the concept of bank 
vulnerability must use measures that accurately re
flect the ability of a bank to withstand economic and 
financial strain. This problem might be approached by 
developing a comprehensive econometric model of 
bank operations. Such a model would focus on the 
factors that may stimulate high-risk lending and bor
rowing as well as those that result in losses leading 
eventually to closure or supervisory mergers. However, 
the information required for such an approach would 
be massive and largely unattainable. Alternatively, the 
investigation could focus on broader economic and fi
nancial factors which have been found to be important 
leading indicators of financial strength or weakness. 
From a practical point of view, supervisory judgments 
necessarily must come into play in the selection of 
specific measures that could be used as early warning 
indicators of financial strength or weakness, since it 
is essential for these measures to have operational 
significance.

Before turning to the specific variables and proce
dures this report uses to measure and test vulner
ability in banking, a brief word is in order concerning 
the inherent problems in such an investigation and the 
nature of certain solutions adopted in this report. To 
begin with, it is possible to construct a variety of 
indicators whose ostensible purpose is to measure 
bank vulnerability on the basis of performance in 
several financial areas considered important to the 
investigator. In prior research, we have reported on 
a specific indicator of bank vulnerability, that is, a 
bank score or index developed from several financial 
ratios that are considered important from a supervisory 
point of view. An objective test of this indicator, and 
others like it, requires some independent information 
on the consequences of bank vulnerability— such as 
the incidence of bank failure, the market discipline 
imposed by creditors, the behavior of stock prices, 
the difficulty in attracting capable management, and 
similar information.

The objective test employed in this and prior reports
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is the incidence of low supervisory ratings among 
member banks that have been ranked according to an 
index of vulnerability which is comprised of a group 
of key financial indicators. In this test, we expect that 
a high concentration of banks ranking poorly on the 
index of vulnerability will tend to receive low supervi
sory ratings in a subsequent period. There are sub
stantive reasons for using this test. A low supervisory 
rating is objective evidence of a considerable weak
ness in a bank, since it is developed from information 
obtained in an on-site examination. While there may 
well be instances involving malfeasance or criminal 
activity where the problem cannot be detected in time 
even by on-site examination, the evidence of the past 
few years indicates that a large portion of all the 
member banks that closed or were merged out of exis
tence for supervisory reasons had been identified by 
examination personnel as institutions having difficul
ties.4 Thus, there is good reason to expect that accu
rate advance information (early warning) of the likeli
hood of a bank being awarded a low supervisory rating 
could help to improve the efficiency and effectiveness 
of bank supervision by providing additional time in 
which to forestall more severe difficulty.

The reader should recognize that there is a wider 
dimension to the testing of vulnerability discussed in 
this paper. It is evident that many banks ranking poorly 
in our index of vulnerability do not subsequently re
ceive low supervisory ratings and by far most of the 
banks awarded low supervisory ratings recover. Also, 
occasionally, some banks that encounter severe diffi
culty may seem to be strong prior to a crisis. We be
lieve the apparent inconsistencies are few in number 
and the reasons for them can at this point be left 
for future research.

Specific measures of vulnerability
Since our objective is to measure financial vulner
ability, we studied a number of financial factors that 
are generally believed to be closely related to the fun
damental causes of bank weakness in cases where out
right criminal activity is not the principal factor. These 
causes are mainly: (1) poor management, (2) erosion of 
earnings and capital, (3) poor internal control of ex
penses, and (4) unanticipated loan or investment 
losses.

4 An extensive, but not exhaustive, search of public records
of failures or supervisory mergers of member banks during 
1970-76 disclosed that in forty-three out of fifty-eight cases
the bank in question had been awarded a low supervisory rating 
at least one year prior to the crisis. Of course, the reader 
should be aware that the number of these situations is only
a very small fraction of the total number of member banks
awarded low supervisory ratings in these years.

In the earliest stages of the study of early warning 
indicators, data from examination reports were utilized 
to construct indicators of bank financial condition and 
to determine whether or not supervisory judgments 
in the Second Federal Reserve District could be re
plicated by means of statistical variables.5 A measure 
of success was achieved, and this led to a search for 
early warning variables that could be obtained solely 
from the financial reports filed by banks with the bank 
regulatory agencies, without the benefit of information 
gained from an on-site examination. We predicated this 
search on the belief that the potential for marked finan
cial deterioration in banks can be discerned from the 
condition and income reports regularly reported by 
member banks.6

Management caliber is generally considered one 
of the most important factors affecting bank sound
ness, and therefore several measures of management 
ability were studied. One of the first tests of this 
nature made use of net income in relation to equity 
capital— that is, the rate of return on investment— since 
we hypothesized that good management should be 
reflected in relatively high income. We found, how
ever, that this variable can provide erroneous early 
warning signals since reported income cannot be 
adjusted for the riskiness of the underlying loan port
folio that generates the profit. Thus, a bank in the 
early stages of pursuing high-risk loans may show 
an impressive profit record only to report marked diffi
culty at a later date as many of the risky loans de
fault. This was indeed the case when banks receiving 
low supervisory ratings over the period studied often 
reported above-average income in the two or three 
years prior to the emergence of the difficulty.7 As 
an alternative, we have employed an efficiency vari
able— namely, a measure of operating expenses in 
relation to revenues— which has proved to be a rela
tively reliable leading indicator of management ability 
to operate a sound and efficient organization.8

Another variable utilized in earlier work involved 
dividends in relation either to capital or to income. We 
found that banks paying relatively high dividends 
tended to be strong. This evidence might be inter-

5 See footnote 3 (Stuhr and Van Wicklen).

4 See footnote 3 (Korobow and Stuhr).

7 Unpublished research— conducted by Joel E. Majors, Examiner, 
at the Federal Reserve Bank of Atlanta early in 1977— unearthed 
a similar finding.

8 The operating expenses/operating revenues variable also has been 
identified by both Majors and Sinkey as an important leading 
indicator of impending difficulty for banks. Majors (see footnote 7); 
Joseph F. Sinkey, Jr., “A Multivariate Statistical Analysis of
the Characteristics of Problem Banks” , Journal of Finance 
(March 1975), pages 21-38.
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preted to indicate that most bank managements re
ward stockholders only if the underlying financial 
position is strong. However, the higher the dividend 
the less the contribution is made to capital through 
retained earnings which, potentially at least, could 
weaken the bank. Moreover, the role of holding com
pany affiliations presented a complication that could 
not readily be explored. Thus, dividend payout is not 
now being used in our early warning research.

It was expected at an early stage of the research 
that increased size might be positively related to bank 
soundness, on the grounds that large organizations 
are able to attract superior management and diversify 
loans more widely than small ones. Nevertheless, our 
empirical work, based on the evidence available in the 
Second Federal Reserve District, could not isolate size 
as a significant factor influencing bank vulnerability. 
It may be that, while large banks have operational and 
managerial advantages, they also tend to be associated 
with the more venturesome aspects of banking such as 
liability management, term lending, and the like.9

The effects of branching on bank vulnerability were 
also investigated, without clear results. The concept 
of branch banking appears to have complex implica
tions for bank vulnerability, since a broad network of 
branches adds to a bank’s expenses but also expands 
the opportunities for diversification. This category of 
variable, therefore, has not been actively investigated 
in the latest research.

Rates on loans and time and savings deposits were 
also studied in earlier research. It was felt that these 
variables would capture some of the risk aspects of 
the loan portfolio and measure the costs associated 
with reliance on time deposits. While the loan rate 
frequently appeared to be significant, it was difficult 
to separate the risk aspects from the market interest 
rate factors and, therefore, this variable was dropped. 
We did not find the rate paid on time deposits to be a 
consistently significant indicator of vulnerability.10

While investigation of many financial variables for 
member banks in the Second Federal Reserve Dis
trict resulted in the elimination of a large number of 
variables, these investigations should not be consid
ered exhaustive. Different results might emerge from

’ This view does not preclude the possibility that differences 
in vulnerability may be found through a nationwide study 
of banks of varying sizes.

10 See George J. Benston, "Interest Payments on Demand Deposits 
and Bank Investment Behavior” , The Journal of Political 
Economy (October 1964), pages 431-49, and Albert H. Cox, Jr., 
Regulation of Interest Rates on Bank Deposits, Michigan 
Business Studies, Volume XVII, Number 4, (Bureau of Business 
Research, Graduate School of Business Administration, The 
University of M ichigan, Ann Arbor, Michigan, 1966).

new data available as a result of the recent expansion 
of the financial information banks are required to re
port or from the use of a different model than the one 
tested in this report.

In the refinement of the early warning research 
reported in previous articles, several of the variables 
were redefined to incorporate insofar as possible the 
banking operations conducted at the foreign offices 
of the nation’s banks that engage in worldwide opera
tions. On the basis of such new data for member banks 
in the Second Federal Reserve District, and limited 
tests for other Districts, five financial variables proved 
to be the most useful early warning indicators.11

(1) Loans and leases -4- total sources of funds
(2) Equity capital adjusted risk assets
(3) Operating expenses -f- operating revenues
(4) Gross charge-offs net income +  provision for 

loan losses
(5) Commercial and industrial loans total loans.

The exact definition of each of these variables is given 
in the box on page 41.

Data for the five variables above are readily avail
able both currently and on a historical basis and have 
consistently produced promising results. They have 
been the subject of intense discussion within the 
Federal Reserve System in connection with a System- 
wide surveillance program. We deemed it useful, there
fore, to investigate the early warning value of these 
particular variables in a nationwide test.

A nationwide framework of analysis
In broadening the investigation to the nationwide uni
verse of member banks, we have taken two directions:
(a) several regional groups were established and
(b) a number of size classifications were created. Banks 
were grouped by region to determine whether finan
cial practices, risk factors, and supervisory judgments 
vary in specific regions across the nation. The par
ticular regional groups selected (see map) were 
chosen largely on pragmatic grounds. The main con
straints were to protect the confidentiality of super
visory data for each Reserve District and to limit the 
total number of banks under analysis in one sample 
to a group that could be handled by a computer pro
gram. As shown on the map, the nation’s member

11 One of the six variables (measuring liquidity) employed 
in the July 1976 report was dropped because its contribution 
was found to be insufficient to warrant its continued 
inclusion. Further, it was found that the use of loss provisions 
in place of gross charge-offs yielded closely sim ilar results, 
suggesting that many banks provide for future loan losses on 
the basis of current loss experience.
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Definitions of the Five Early Warning Variables

(1) Loans and leases -4- total sources of funds (LL.TS)
N um erator: Loans, to ta l dom estic  and fo re ign  +  d ire c t lease 
financ ing
D enom ina to r: Tota l dom estic  and fo re ign  dep o s its  — cash 
item s in p rocess of co lle c tio n  +  Federal funds purchased 
+  o the r lia b ilitie s  fo r borrow ed m oney

(2 ) Equity capital adjusted risk assets (EQ.ARA)
N um erator: Tota l equ ity  ca p ita l +  loan va lua tion  reserves +  
deferred  taxes of In te rna l Revenue Service bad deb t reserve 
+  m ino rity  in terest in conso lida ted  subs id ia ries  
D enom inator: Total assets +  loan va lua tion  reserves — tota l 
cash and due from  banks (dom estic  o ffices only) — U nited 
States Treasury securities  — U nited  States G overnm ent 
agency securities  — trad ing  accoun t securities  — Federal 
funds sold

(3) Operating expenses :- operating revenues (EXP.OP)
N um erator: Tota l opera ting  expenses 

D enom inator: Tota l opera ting  revenues

(4) Gross charge-offs -5- net income +  provision for 
loan losses (GCO.NI)
N um erator: Loan losses charged to  reserves 

D enom inator: Net ope ra ting  incom e +  p rov is ion  fo r loan 
losses

(5) Commercial and industrial loans -t  total loans (CI.LN)
N um erator: C om m erc ia l and indus tria l loans booked at 
d om estic  o ffices
D enom inator: Total g ross loans booked at dom estic  o ffices.

banks are grouped into four regions: Northeast, Mid
west, South, and West. These groups were formed 
from the combination of data for several Federal Re
serve Districts. The Northeast region is comprised of 
the First, Second, Third, and Fourth Districts; the 
Midwest region the Seventh and Eighth Districts; the 
South, the Fifth, Sixth, and Eleventh Districts; and 
the West, the Ninth, Tenth, and Twelfth Districts.12

As noted, the prior research did not uncover any 
significant relationship between bank size and poten
tial strength or weakness. In this report, a fuller in
vestigation of size classification was made possible 
by the availability of nationwide supervisory data. 
Moreover, it is a common procedure in the analysis of 
financial institutions of the same size and character 
of business to determine whether the particular type 
of institution under study is performing up to par or 
meeting standards for its industry or peer group. The

12 An a lte rna tive  .g roup ing  in w h ich  a ll m em ber banks in the 
nation cou ld  be cons ide red  toge the r was re jected because 
it w ou ld  have been too  unw ie ldy. However, we believe 
the  reg ional g roup ings  to be a fa ir ind ica tion  of how such 
a na tionw ide  sam ple  w ou ld  behave.

main purpose of this investigation, therefore, is to shed 
light on the question of whether peer-group analysis 
contributes to accurate and cost-effective early warn
ing measures of bank vulnerability.

We created six nationwide size classifications in 
terms of the total assets of member banks: zero to $10 
million, $10 million to $20 million, $20 million to $50 
million, $50 million to $100 million, $100 million to 
$300 million, and $300 million and over. The classes 
were chosen so as to have a smooth gradation in 
size while maintaining in each size class a sufficient 
number of banks that received low supervisory ratings 
over the period studied to permit statistical analysis. 
We chose the largest size class— those banks having 
$300 million and over in total assets— to correspond 
to the group of member banks that provide quarterly 
income reports to the Federal Reserve and the Comp
troller of the Currency. These expanded quarterly re
ports can, in time, be expected to provide useful early 
warning information.

Estimation of early warning functions
There are two phases in the development of an em
pirical forecast. The first step is to'estimate the rela
tionship in the sample data. Once the estimation is 
completed and a functional relationship is obtained, 
that relationship must be tested using separate and 
distinct data from that employed to estimate the func
tion. No matter how accurately a function may fit 
past data, the acid test of its usefulness is its ability 
to provide accurate forecasts for a future period.

The July 1976 report defined and tested a relation
ship between bank scores developed from key finan
cial ratios for member banks in a given base year 
versus the incidence of low supervisory ratings among 
those banks in a subsequent period. Financial ratio 
data were calculated for member banks in the Second 
Federal Reserve District. The average value of each 
of the five financial ratios was computed and the dif
ference of each bank’s value from the appropriate 
average obtained. Measuring the value of each bank’s 
ratio in relation to the group average enables us to 
determine the extent to which a bank is unusually strong 
or weak with respect to the five key financial char
acteristics. The differences from the average for each 
variable were divided by the standard deviation for the 
entire group.13 This step, in effect, weights each bank’s 
deviation from the average to reflect the degree to 
which bank practices vary in each of the key financial 
characteristics.

13 The standard  devia tion  is a m easure of the v a r ia b ility  o f sam ple 
data about the  average. The m ethod of com pu ting  a s tandard 
dev ia tion  can be found in m ost basic s ta tis tics  textbooks.
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Further, these “standardized” deviations about the 
average can be added together for each bank to form 
a bank score or index. This procedure captures the 
combined influence of all the variables and ensures 
that moderate weakness in several ratios will not be 
overlooked. In combining the standardized deviations 
to form the bank score, each deviation from the mean 
is given an appropriate algebraic sign to indicate 
whether high or low values of the variables imply 
vulnerability or strength. For example, larger than 
average ratios of total loans, expenses, charge-offs, 
and commercial and industrial loans are indicative 
of high-risk exposure and, therefore, suggest vulner
ability. Similarly, smaller than average values of these 
ratios are indicative of low-risk exposure and, hence, 
strength. In the case of the equity capital ratio, for 
example, above-average values are desirable, since a 
high ratio indicates a strong capital cushion, whereas 
a below-average capital ratio indicates a low level of 
protection. Each of the key variables thus provides

an unambiguous indication of strength or weakness, 
an indication which of course must be tested.

In the current report, the five key financial ratios 
are combined in a manner equivalent to the procedure 
used in the July 1976 report, except that rather than 
bank scores a direct estimate is obtained of the prob
ability that a bank will receive a low supervisory rating 
under given economic conditions in the future.14 More
over, the method used in this report yields separate 
estimates of the contribution of each of the five key 
variables to the estimated probability that a partic
ular bank will receive a low supervisory rating.

The actual estimation of the probability function is 
analogous to a regression analysis in which the ob
served dependent variable is the occurrence or non
occurrence of a particular event. In this report, the

14 The data employed are the condition and income reports 
filed by all member banks from 1975 dating back to 
1969, the earliest year for which data are available to us in 
a consistent and m achine-readable form.

*  Includes Puerto Rico and United States Virgin Islands (Second Federal Reserve District). 

+ Includes Alaska and Hawaii (Twelfth Federal Reserve District).

This map shows the four regions as they appear on the basis of the current boundaries 

of the twelve Federal Reserve Districts. The boundary between the Eleventh and Twelfth 

Federal Reserve Districts was altered in January 1977. Thus, the South and West regions 

used in this study differ very slightly from those shown on the map.
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dependent variable is the occurrence or nonoccur
rence of a low supervisory rating. The value of one is 
assigned to those banks that received a low super
visory rating during the relevant estimation period; 
the value of zero is assigned to those banks that did 
not receive a low supervisory rating. The independent 
variables are the five financial ratios. Various earlier 
tests of the relationship between the bank scores 
and the incidence of low supervisory ratings suggested 
a nonlinear function and we have used an equation 
of the form shown in the accompanying box.

The function we are using reflects our expectation 
concerning the relationship between the independent 
variables and the probability of receiving a low rating. 
As bank vulnerability increases— indicated by the 
values of the five variables— the probability of finan
cial weakness increases as well, approaching a limit 
of one. Conversely, as bank vulnerability decreases, the 
probability of finding weakness approaches zero. The 
relationship between changes in the variables and 
changes in the estimated probability of future weak
ness is relatively complex. Since the function is non
linear, the exact incremental effect of a change in 
any one variable on the probability of future weak
ness depends on the value of all the variables in 
combination. For example, a change toward strength 
or weakness in the operating expense ratio will have 
a large or small effect on the estimated probability of 
weakness, depending on the extent of the strength or 
weakness in the other four variables. In general, if a 
bank is extremely strong or extremely weak in most of 
the key variables, a change in one variable alone 
would not contribute greatly to a change in the esti
mated probability of future weakness.

The coefficients a0, a^ a2, a3, a4, a5 of the function 
are estimated using a maximum-likelihood technique 
that assigns high probabilities of weakness to banks 
that receive low supervisory ratings during the estima
tion period and low probabilities to those that do not.15 
The “goodness of fit” of the probability estimates can 
be evaluated by comparing them with (a) the ideal 
situation in which there is a perfect fit— that is, where 
each bank that received a low supervisory rating over 
the estimation period is given a 100 percent probabil
ity of receiving a low rating— and (b) the opposite 
extreme, a situation where high- and low-rated banks 
are accorded the same probability, indicating that the

15 In the  estim ation  p rocedure, the  fo llo w in g  express ion  is 
m axim ized: L =  2  log P, +  2  log (1 — P,)

(low -ra ted  (o ther 
banks) banks)

Th is m eans tha t the  coe ffic ien ts  a0, a^ a2, a3t a4, aB o f the
early  w arn ing  fu n c tio n  are chosen so as to m axim ize
the  va lue  of L. P! is the  p ro b a b ility  o f a low  superv iso ry ra ting.

The Probability Function

P =  .5 + — arctan (a0+ a 1LL.TS+a2EQ.ARA-f

where
a3EXP.OP+a4G CO .N I+a5CI.LN)

P =  Probability that a bank will receive a low 
supervisory rating;

LL.TS =  Loans and leases -f- total sources of funds;

EQ.ARA =  Equity capital -f- adjusted riSk assets;

EXP.OP =  Operating expenses operating revenues;

GCO.NI =  Gross charge-offs net income - f  provision 
for loan losses;

CI.LN =  Commercial and industrial loans -f- total 
loans; and

*0 =  a constant term.

. . .. , . . ■ < : : .

five variables have no explanatory power. A statistic 
known as the likelihood ratio index (LRI) provides a 
convenient form for this comparison. Similar to the 
R-square of linear regression analysis, it ranges from 
zero to one, where values very close to zero show that 
the probability estimates approach the equal probabil
ity assumption and values close to one suggest the 
case of a perfect prediction.16 In the results reported 
here, the estimation procedure was constrained17 in a 
manner that parallels the process of generating bank 
scores, a technique already in use for supervisory

16 If Lmax. is the  va lue  o f L fo r the estim ated equa tion, and
l_o the  va lue  under the  assum ption  tha t the  five early  w arn ing  
va riab les  have no exp lana to ry  power, the  LRI is de fined  as:

LRI =  (L0 — Lmax.) -r- Lq.
The s ign ifica nce  o f the  LRI can be tested, using  the  test 
s ta tis tic  —2 (LmaI. — Lo), w h ich  under the  equal p ro b a b ility  (nu ll) 
hypo thesis  is d is trib u te d  as a ch i-sq u a re  w ith  the  num ber 
o f degrees o f freedom  equal to  the  num ber of exp lanatory  
va riab les . H igh va lues o f the  test s ta tis tic  ind ica te  tha t the 
estim ated equa tion  is un like ly  to  have been obta ined  by chance 
if “ tru e ”  p ro b a b ilitie s  w ere  equal fo r a ll the  banks.
See D. M cFadden, “ C ond itiona l Log it A na lys is  o f Q ua lita tive  
C ho ice  B eh av io r" in P. Zarem bka, ed., Fron tiers o f E conom etrics  
(New  York: A cadem ic  Press, 1974); pages 105-42.

17 The co e ffic ie n ts  are su b je c t to  the  fo llo w in g  constra in ts :
(a) The a pp rop ria te  a lg e b ra ic  s ign  is a pp lied  to each co e ffic ie n t 
in accordance  w ith  its expected  co n trib u tio n  to  bank 
vu lne rab ility , (b) The re la tive  im portance  o f each fin an c ia l ra tio  

.in  the  fu n c tio n  is inve rse ly  p ropo rtiona l to  its respective  
standard  dev ia tion  and d ire c tly  p rop o rtio na l to  a co e ffic ie n t 
dete rm ined  by the  m axim um  like lih o o d  estim ation . It is poss ib le  
to  f it a non line a r fu n c tio n  w itho u t im pos ing  these constra in ts .
In genera l, the unconstra ined  fu n c tio ns  p rov ide  resu lts  not 
g rea tly  d iffe re n t from  those  of the  constra ined  es tim ations .
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purposes within the Federal Reserve System. It is hoped 
that the analysis and evidence presented in this report 
will aid in the further development and refinement of 
this supervisory use.

Regional early warning functions
The base year of 1969 and the subsequent three years
1970 through 1972 provide a convenient starting point 
for the estimation of early warning functions. (Since 
the data cover only 1969-75, the sample periods 
available for study are limited.) It may be helpful for 
the reader to consider the general framework in which 
these early warning functions are estimated before 
focusing on the specific details of the results. First 
of all, the total number of member banks that received 
low supervisory ratings over the 1970-72 estimation 
period is small in all four regions, ranging from 41 
banks or 3 percent of the total number of member 
banks in the Midwest to 149 member banks or 10 
percent in the South (see Table 1). These percentages 
can be thought of as the overall average probabilities 
that banks in each of the regions would deteriorate to

the point of receiving a low supervisory ratingjn an 
economic environment similar to the one that pre
vailed over the three years 1970-72.

The job of the early warning function is to estimate 
more precisely than the overall average the chances 
for a low supervisory rating for each of the banks 
in the four regions. The effectiveness of the function 
is suggested by the probability it accords member 
banks that received low supervisory ratings over the 
estimation period versus the probability accorded 
banks that did not receive low ratings. In the North
east, Midwest, and South, the low-rated banks have 
an average estimated probability of weakness about 
three times that of banks that did not receive low 
supervisory ratings. In the West the probability ac
corded low-rated banks is just over twice as large. 
The function thus provides an information gain that is 
large in the case of banks that received low supervisory 
ratings in each region. This gain is especially large 
in the case of banks that received low supervisory 
ratings and that are placed by the function in the weak
est percentiles. It is these information gains that are 
responsible for the high statistical significance of the 
LRI’s of the regional functions.

When the banks are arrayed from the lowest to the 
highest probability of financial deterioration, the weak
est percentiles of each region contain a high concentra
tion of those banks that actually received low super
visory ratings over the estimation period. The weakest 
20 percent of the banks in each of the four regions 
contains over 50 percent of all the low-rated member 
banks observed during 1970-72. The weakest 50 per
cent contains 82 percent to 95 percent of all these 
low-rated banks.

The reader may wonder why the function awards a 
less than 100 percent probability to those banks that, 
in fact, received low supervisory ratings over the 
estimation period. The answer is that, while the fi
nancial variables employed in this research are in
dicative of vulnerability, they cannot with perfect ac
curacy predict whether that vulnerability will in each 
case be translated into marked financial deterioration. 
The events under investigation in this report are prob
abilistic in the sense that intangible management 
and other factors not captured by the variables can 
often be the deciding factor in the success of a bank. 
Thus, it is the difference between the probabilities the 
function awards strong banks and those the function 
awards weak banks that is important rather than the 
levels of the probabilities alone.

Improving supervisory efficiency
The efficiency of bank supervision can be improved 
by concentrating on banks that are classified as vul

Table 1

Ability of Regional Early Warning Functions to 
Identify Low-Rated Banks: 1970-72

C haracte ris tic  N ortheast M idw est South W est

Total member banks (1969). 1,295 1,406 1,533 1,480
Banks tha t rece ived low  
superv iso ry ra tings, 1970-72. 56 41 149 120
Percentage o f to ta l .............. 4.3 2.9 9.7 8.1

Average probability of low 
supervisory rating from 
function (in percent):
Banks tha t received low 
superv iso ry  ra tings ............... 15.7* 8.8* 25.4* 17.6*

Banks tha t d id  not receive 
low superv isory ra tings . . . 4 .5* 3.0* 9.0* 8.1*

Percentage of total low-rated 
banks placed in weakest 
percentiles by the function:
W eakest 10 percent ............ 44.6 46.3 38.3 35.0
W eakest 20 percen t ............ 60.7 65.9 56.4 54.2
W eakest 50 percen t ............ 85.7 95.1 83.2 81.7

Likelihood ratio index (LRI). 0 .0 9 7 t 0 .090t 0 .1 4 7 t 0.10 6 t

* These p ro b a b ilitie s  are s ig n ifica n tly  d iffe ren t from  those 
tha t w ou ld  be expected if the p ro b a b ility  o f severe 
d e te rio ra tion  was un ifo rm ly  d is trib u te d . A ch i-squa re  test 
y ie lded  s ig n ifica n t results w ith  co n fidence  of 
99.9 percen t o r better.

t  S ta tis tica lly  s ign ifica n t at co n fidence  level of 99.9 percent.
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nerable. Member banks considered strong can be 
subject to on-site examinations at less frequent in
tervals or may be given a more limited type of exam
ination than banks considered vulnerable. Banks are 
considered vulnerable or strong in each region on the 
basis of their position in the bank array. As explained 
in the July 1976 Monthly Review, the computation of 
the gain in efficiency is based on information concern
ing the historical distribution of low-rated banks, the 
size of these banks, and their location in the bank 
array. Using these data, we can obtain for an estima
tion period a dividing line between banks that appear 
strong and those that appear vulnerable.

The procedure employed for this purpose is highly 
sensitive to classification errors with respect to rela
tively large banks. The costs of failing to designate 
as vulnerable relatively large member banks that sub
sequently receive low supervisory ratings would pre
clude substantial net savings in the cost of conducting 
on-site bank examinations. An early warning func
tion yields a large potential gain in efficiency only 
when a high percentage of banks that receive low 
supervisory ratings over the estimation period— par
ticularly the largest of those banks— are given rela
tively high probabilities of weakness by the function.

In each of the bank arrays,* there is at some point 
an optimal cutoff probability separating banks that 
should have priority in scheduling on-site examina
tions from banks whose examination can be deferred 
or reduced in scope. However, this point can be found 
only after the fact, using a computer program. This 
program determines the cost of classification errors at 
every possible cutoff point and selects the highest 
possible gain in efficiency.18 The optimal gains are 
shown in Table 2 and range from 43 percent to 79 
percent. Since the optimal cutoff point will never be 
available at the time a forecast is made, a judgmental 
rule based on experience is required. One such rule 
consistent with the findings is to select for a full 
examination the weakest 50 percent of the array in 
each region. This might well involve full examinations 
of more banks than necessary in retrospect. Nonethe
less, even using a rough rule of 50 percent, the poten-

18 For de ta ils  of the  cost fu n c tio n , see foo tno te  3 (K orobow  and 
Stuhr, pages 162-63). In the  ca lcu la tion  o f these cos t savings 
a fte r the  fact, we assum ed tha t the  expense incurred  in 
an on-s ite  exam ina tion  o f a bank deem ed vu lne rab le  is fu lly  
o ffse t by the superv iso ry  bene fit o f early  de tec tion  in 
those cases in w h ich  the vu lne rab le  bank does in fa c t becom e 
weak. In those cases in w h ich  the  vu lne rab le  bank does 
not deterio ra te , the  exam ina tion  costs are charged aga ins t any 
savings tha t w ou ld  have resulted  from  defe rring  on-s ite  
exam inations o f strong banks tha t rem ain s trong. Thus, the  gain  
in e ffic iency  is the  percen tage  cost saving  exc lus ive  of 
the  costs of exam in ing  those vu lne rab le  banks tha t subsequen tly  
de te rio ra te  m arkedly.

Tab le  2

Characteristics of Regional Early Warning 
Functions: 1970-72

C ha ra c te ris tic N ortheast M idw est South W est

Gain in efficiency 
(in percent):

At op tim a l c u t o f f ............ 58.3 78.8 42.5 46.8

A t 50 percen t cu to ff*  . . 32.6 36.4 28.8 26.2

Function elasticities at 
50th percentile:t

LL.TS .................................. +  0.86 + 0 .5 5 + 0 .8 3 + 0 .7 2

EQ.ARA ............................. - 0 .1 2 - 0 .1 8 - 0 .3 3 - 0 . 2 0

EXP.OP .............................. + 1 .1 6 +  1.03 +  1.26 +  1.36

GCO.NI ............................., + 0 .0 4 + 0 .0 6 +  0.10 + 0 .0 2

C I.LN .................................. +  0.27 + 0 .1 4 +  0.29 + 0 .1 7

* P robab ility  level tha t d iv ides  the  array o f banks in each 
region  at the 50th percentile .

t  A pos itive  e la s tic ity  coe ffic ien t ind ica tes tha t an increase 
in a va riab le  increases the p rob a b ility  o f w eakness; 
a negative coe ffic ien t ind ica tes  tha t an increase reduces 
the p robab ility . See box on page 41 fo r de fin itions  
o f five  early w arn ing  va riab les.

tial gains in efficiency are substantial in the estimation 
period for each region, ranging from 26 percent to 36 
percent. Moreover, this rule can be modified in light of 
operational experience.

Importance of early warning variables
While all five early warning variables have been found 
to contribute substantially to the ability to identify 
banks likely to receive a low supervisory rating, the 
specific contribution of each is of interest, particular
ly with respect to banks that are close to a thresh
old of vulnerability. Where this threshold is located 
cannot, of course, be determined precisely. Several 
levels of vulnerability have been studied in this report. 
One is the 50th percentile of the bank array, which 
is a working rule to set priorities in the scheduling 
and format of on-site examinations. Another possible 
cutoff is the weakest 20th percentile, which should in
clude a higher proportion of banks that subsequently 
receive low supervisory ratings. The early warning 
functions are tested for the effect of changes in each 
of the five variables by obtaining elasticities of each 
of these variables at the selected thresholds. This 
measures the percentage change in the probability 
of weakness resulting from a given percentage change
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in one of the independent variables. The computa
tion uses the average values of the variables that pre
vail for a small sample of the member banks that are 
located in the vicinity of the 50th percentile and a 
small sample of those close to the weakest 20th per
centile of the arrays in each region. Using these aver
age values, we computed elasticity coefficients for 
each of the five early warning variables when they were 
changed by 10 percent. The resulting elasticity co
efficients at the 50th percentile threshold are shown 
in Table 2.19 A positive coefficient indicates that an 
increase in a variable increases the probability of 
weakness; a negative coefficient indicates that an in
crease reduces the probability.

In all four regions the operating expense ratio 
(EXP.OP) has the highest elasticity, ranging from 1.4 
in the West to 1.0 in the Midwest (Table 2). These 
coefficients mean, for example, that a 10 percent in
crease in the expense ratio for a bank at the 50th 
percentile of the array for the West will raise that 
bank’s probability of future weakness by 14 percent; 
a 5 percent increase will raise the probability by 7 
percent, and so forth. The next largest elasticity co
efficient is the ratio of loans and leases to total sources 
of funds (LL.TS), ranging between 0.55 and 0.86 in 
the four regions. All the other variables have consid
erably smaller elasticities in every region. Some of 
these differences in the size of the elasticity may re
flect regional variations with respect to business and 
banking practices, since the elasticities are affected 
by the variances of the financial ratios.

At the weakest 20th percentile of each of the four 
regional arrays (not shown in the table), elasticities 
are generally higher than at the 50th percentile, inas
much as the function in this range is reflecting the 
impact of changes that produce marked vulnerability. 
The expense ratio continues to have the highest elas
ticity in all regions, ranging in this case from 1.4 to 
2.1. The elasticity relating to the ratio of commercial 
loans to total loans (CI.LN) is raised to 0.70 at the 
20th percentile in the South; it is substantially lower 
in all other regions. In contrast, the elasticity of the 
equity capital ratio (EQ.ARA) does not change mark
edly by region at the 20th percentile. Indeed, there is 
a remarkable degree of consistency among all re
gions in the relatively high importance of the expense 
ratio and the three portfolio risk variables in deter
mining the probability of weakness.20

19 These data are provided to illustrate the relative importance 
of the early warning variables. The reader does not have 
sufficient information in this report to compute probabilities 
for specific banks.

w Interested readers can obtain this data from the authors.

Forecasting low-rated banks by region
It is not sufficient to estimate a relationship from past 
data; the estimated relationship must be tested. To 
evaluate the accuracy of the early warning function ob
tained for each region, each of the functions is applied 
to the financial ratios of member banks for a year sub
sequent to the one used in the estimation period. The 
computer program we employ to rank the banks in each 
region in order, from lowest to highest probability 
of weakness, provides a numerical estimate of each 
bank’s probability of deterioration over the forecast 
period— given an assumption as to economic condi
tions in that period. We expect a high concentration 
of the low-rated banks in each region to appear in the 
high vulnerability range of the array. Further, using 
the function probabilities, we can forecast the number 
of low-rated banks.21

The period 1973-75 provides an opportunity to test 
whether the financial data filed by member banks in 
earlier years indicates which banks whose super
visory ratings were satisfactory at the time of the fore
cast would subsequently deteriorate. During those 
three years, a total of 525 member banks received 
low supervisory ratings at one time or another. The 
vast majority of these low-rated banks (three quarters 
or more in each region) did not have low supervisory 
ratings in 1972, which is the base year of the three-year 
forecast.

In the Northeast region, 117 member banks received 
low supervisory ratings in 1973-75 (Table 3). Looking 
first at the ability of the early warning function to array 
the banks in order of vulnerability, the function places 
38 percent of all the banks that received low super
visory ratings in the weakest 10 percent of the array, 
62 percent in the weakest 20 percent, and 86 percent in 
the weakest half.22 The forecast performance of the 
early warning functions for the other three regions—  
Midwest, South, and West— is quite similar. In these 
three regions, too, high percentages of the banks that 
actually received low supervisory ratings in the fore
cast period are in the weakest 10, 20, and 50 percent 
of the bank rankings.

The average probabilities of future weakness ac
corded by the functions to banks that actually re-

This figure is obtained by adding the probabilities assigned 
to each bank through the particular percentile range 
which is of interest. The probability estimates can be 
recomputed as new data become available, thus providing an 
ongoing measure of a bank’s condition.

22 These percentages are not shown in Table 3, but can be 
easily obtained by dividing the actual number of low-rated banks 
the function placed in each percentile in the region by 
the total number of low-rated banks actually observed  in that 
region during the forecast period. See also Table 8.
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ceived low supervisory ratings in each of the four 
regions are relatively high— about 15 percent to 21 
percent. This compares with 4 percent to 10 percent 
for member banks that did not receive low supervi
sory ratings.

With respect to the use of the array to set priorities 
for on-site examinations, the dividing line between 
vulnerable and strong banks is set on the basis of the 
probability accorded the bank at the 50th percentile 
for the estimation period. The vulnerable group deter
mined in this manner would receive priority in the 
scheduling of on-site examinations. Since the median 
probability of marked weakness is higher in the fore
cast period than in the estimation period, the size of 
the vulnerable group is larger (see Table 3) than 50 
percent of the total number of banks. Nonetheless, 
this cutoff point yields gains in efficiency of about 20 
percent to 27 percent in the four regions.

Out of the 117 member banks that received low 
supervisory ratings in the Northeast during 1973-75, 
107 banks (not in table) are included in the vulnerable 
group, while 10 of these member banks are classified 
as strong. The average size by assets of the low-rated 
banks that are classified as vulnerable is $1.2 billion; 
the average size of the low-rated banks classified as 
strong is $28.8 million. In the Midwest, 58 member 
banks having average assets of $497 million are classi
fied as vulnerable and received low supervisory ra
tings; three banks having average assets of $5.2 mil
lion are classified strong, but also received low ratings. 
In the South, 158 member banks averaging $137 mil
lion in total assets are correctly classified as vulner
able, whereas 31 banks having average assets of $27 
million are incorrectly classified as strong. In the West, 
135 member banks having average assets of $336 mil
lion are correctly classified as vulnerable, while 23 
banks averaging $9 million in assets are incorrectly 
classified as strong. These results reflect the high im
portance which the formula that computes efficiency 
places on the classification of relatively large member 
banks in accord with supervisory ratings.

The regional functions in general come reasonably 
close to predicting correctly the number of low-rated 
banks in various selected percentiles of the bank rank
ing. In the weakest 20 percent of the arrays in the 
Northeast, South, and West, the function predicts 83 
percent to 98 percent of the total number of member 
banks that actually received low supervisory ratings. 
In the Midwest, the comparable figure is 65 percent. 
The function predicts 76 percent to 82 percent of the 
total number of low-rated member banks that were 
observed in the poorest half of the arrays in each re
gion. The functions generally tended to underpredict 
the total number of low-rated banks that were actually

observed during the forecast period, which is not sur
prising in view of the relatively high incidence of banks 
that received low supervisory ratings in 1973-75, com
pared with the incidence in the estimation period of 
1970-72.

While a three-year period has proved to be a useful 
time interval in which to study the relationship be
tween the probability of future weakness and the in-

Tab le  3

Regional Early Warning Forecast: 1973-75*

C harac te ris tic  N ortheast M idw est South West

Total number of low-rated 
member banks:

96 57 169 144

117 61 189 158
A ctua l as percen tage
of to ta l banks ............................... 9.3 4.5 12.4 11.0

Number of low-rated banks 
placed in weakest percentiles 
by the function:

W eakest 10 pe rcen t:

51 24 63 50
45 27 58 50

W eakest 20 percen t:

60 3C 84 68
72 46 86 80

Weakest 50 perce n t:

77 42 126 104

101 54 153 129

Average probability of a low 
supervisory rating from 
function (in percent):

Banks tha t received low  su pe r
v iso ry  ra tings ............................... 19.71 1 4 .9 t 21 .0 t 19.21

Banks tha t d id  not receive low
superv iso ry ra tings  ...................... 6 .4 t 3 .7 t 9 .7 t 8.91"

Gain in efficiency
(in percent)* ............................... 24.2 26.8 19.7 21.8

Size o f  vulnerable group
(as percen tage  of to ta l m em ber 
banks in the  region) ................... 60.3 61.9 54.2 57.5

* Sam ple period : 1970-72.

t  D iffe rence  from  expected p ro b a b ility  o f a un ifo rm  d is tr ib u tio n  
s ig n ific a n t at be tte r than 99.9 percen t confidence.

X C a lcu la ted  at m edian  p ro b a b ility  o f the  sam ple  period.
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Tabte 4

Regional Early Warning Forecasts: 1974-75

S am ple  period : 1970-71 N ortheast M idw est South West

Total number of low-rated 
member banks:

P red ic ted  .................................. 93 52 147 108

A ctua l ......................................... . . .  110 59 180 140

Number of low-rated banks 
placed in weakest percentiles 
by the function:

W eakest 10 percent:

Predicted ........................ .. 57 23 63 38

Actua l .......................... ............. 53 34 56 54

W eakest 20 percen t:

P redic ted  .................................. 27 81 51
A ctua l ......................................... 43 91 77

W eakest 50 pe rcen t:

P redic ted  .................................. 39 114 78

A ctua l ......................................... . . .  101 55 148 115

S am ple period : 1972-73 N ortheast M idw est South W est

Total number of low-rated 
member banks:

P red ic ted  ......................................... 64 33 103 99

A ctua l ................................................  110 59 180 140

Number of low-rated banks 
placed in weakest percentiles 
by the function:

W eakest 10 p e rcen t:

Predicted  ......................................... 29 14 37 37

Actua l ............................................... 55 34 55 53

W eakest 20 pe rcen t:

P redic ted  .................................... .. 35 17 50 48

A ctua l ................................................  77 43 91 77

W eakest 50 percen t:

Predicted ......................................... 49 24 75 72

Actual ................................................  102 55 150 115

cidence of low supervisory ratings among member 
banks, we felt that a two-year period might be a more 
practical planning horizon from an operational point 
of view. We therefore selected as a forecast period the 
two years 1974-75— years in which economic condi
tions were especially strained.

Forecasts for these years are made using the experi
ence of two alternative historical periods: 1970-71 
and 1972-73. (The base year for computation of the 
five financial ratios is 1969 for the former period and 
1971 for the latter.) These two estimation periods differ 
in an important respect. The 1970-71 period appears 
to represent a fairly typical one with respect to the 
incidence of low supervisory ratings among member 
banks. In contrast, the years 1972-73 were heavily in
fluenced by inflationary factors that may have sus
tained some weak borrowers and thus delayed the 
emergence of many problem loans that subsequently 
resulted in low supervisory ratings for a number of 
member banks. Thus, the incidence of low supervisory 
ratings among member banks in 1972-73 was less than 
might have been expected from the study of financial 
and supervisory data of other periods.

Comparison of the forecasts yielded by the two 
estimation periods indicates important similarities as 
well as differences. In each of the four regions, the 
two early warning functions ranked the member banks 
quite similarly (Table 4). In each of the two forecasts, 
the banks that received low supervisory ratings in 
1974-75 are concentrated in the weakest percentiles. 
About 31 percent to 58 percent of all member banks 
that actually received low supervisory ratings are in 
the weakest 10 percent of the bank rankings in each 
region, 51 percent to 73 percent are in the weakest 
20 percent, and 82 percent to 93 percent are in the 
weakest half of the arrays.23

The early warning functions developed from the 
experience of 1972-73 tended to underpredict the 
number of member banks that would receive low su
pervisory ratings more substantially than the functions 
based on the experience of 1970-71. The two forecasts 
for the West, however, are similar, suggesting that the 
incidence of problem banks in this region did not 
change during these alternative estimation periods.

It seems clear from the results that, whatever the 
eventual number of problem banks may be in a region, 
a large percentage of these banks is likely to fall in the 
weakest 10-20 percent of the bank ranking. However, 
forecasting the exact number of problem banks re
quires an accurate appraisal of the possible economic

23 These percentages can be obta ined from  Table 4 by the 
same procedure  exp la ined in foo tno te  22. See also Table 8.
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environment during the forecast period and the selec
tion of a comparable historical period over which to 
develop appropriate probability relationships.

Early warning in selected size classes
In general, the early warning functions estimated 
for size classes of member banks based on data for 
1970-72 yielded probability figures not greatly differ
ent from those obtained from the regional functions 
estimated over the same period. As before, banks that 
received low supervisory ratings during those years 
were given substantially higher probabilities of weak
ness than banks that did not receive low ratings (see 
Table 5). Moreover, the banks that received low super
visory ratings tend to be concentrated in the weakest 
percentiles of the ranking in each size class. It is 
notable, however, that the function estimated for mem
ber banks having assets of $300 million or more in 
total assets did a relatively poor job in placing low
rated banks in the weakest 10 percent and 20 percent 
of the respective bank rankings.

The overall performance of these early warning 
functions is suggested by the LRIs shown in Table 5. 
They all indicate a statistically significant information

gain over the average probability of marked deteriora
tion in each size class, and they generally exceed the 
LRIs for each regional functions estimated for the 
same period. There is a very sharp increase in the 
LRI of the function estimated for the size class of $50- 
100 million and then a tapering-down of the index for 
functions estimated for banks in the $100-300 million 
and larger size classes. These changes, however, may 
not be significant because of the relatively small num
ber of low-rated banks in the larger size classes.

As shown in Table 6, all of the functions estimated 
show high gains in efficiency in retrospect and the 
gains remained substantial even if a pragmatic de
cision rule is used— that is, when the vulnerable group 
is defined as the weakest 50 percent of the banks. 
The gains in efficiency generally are above those in
dicated by the early warning functions estimated by 
region for the same period. It thus seems that, at 
least in the estimation process, the early warning 
functions obtained when member banks are grouped 
by size class have a somewhat improved ability to 
distinguish high-risk banks in most size classes up 
to $300 million.

As noted earlier, each of the function coefficients

Table 5

Ability of Nationwide Early Warning Functions
Based on Size Classes to Identify Low-Rated Banks: 1970-72

C ha ra c te ris tic 0-10 10-20
Asset s ize c lass  of m em ber banks (in  m illio n s  o f d o lla rs ) 

20-50 50-100 100-300 300 or m ore

Total member banks (1969) ..................................... 2,409 1,385 1,096 358 290 176
Banks that received low  supervisory ratings, 
1970-72 .................................................................................... 173 90 60 16 18 10
Percentage o f t o t a l .............................................................. 7.2 6.5 5.5 4.5 6.2 5.7

Average probability of receiving a low supervisory 
rating from function (in percent):
Banks tha t received low  superv iso ry  r a t in g s .......... 19.0* 18.0* 19.6* 35.1* 27.4* 18.6*
Banks tha t d id  not rece ive  low  superv iso ry  ra tings 7.2* 6.5* 5.6* 4 .1* 5 .7* 4 .8*

Percentage of total low-rated banks placed 
in weakest percentiles by the function:
W eakest 10 p e r c e n t ............................................................ 40.5 46.7 51.7 68.8 50.0 20.0
W eakest 20 p e r c e n t ............................................................ 61.3 66.7 60.0 81.3 66.7 30.0
W eakest 50 p e r c e n t ............................................................ 88.4 86.7 88.3 100.0 94.4 90.0

Likelihood ratio index (LRI) ..................................... 0 .1 2 0 t 0.12 3 t 0 .1 2 7 t 0 .2 7 8 t 0.19 6 t 0.13 2 t

* D iffe rence  from  expected p ro b a b ility  o f a unifo rm  d is tr ib u tio n  s ig n ifica n t at 99 percen t confidence, 

t  S ta tis tica lly  s ig n ific a n t a t co n fidence  level o f 99.9 percent.
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Tab le  6

Characteristics of Nationwide Early Warning Functions Based on Size Classes: 1970-72

C ha ra c te ris tic 0-10 10-20
Asset s ize c lass  o f m em ber banks (in  m illio n s  o f do lla rs ) 

20-50 50-100 100-300 300 o r m ore

Gain in efficiency (in percent):

At op tim a l c u t o f f ............................................................. 60.7 66.0 81.5 65.8 45.9
At 50 percent cu to ff*  .................................................. 43.3 45.9 52.3 49.5 38.1

Function elasticities at 50th percentile:t

LL.TS ................................................................................... +  0.60 +  0.77 +  0.86 +  1.12 +  1.45 +  1.92
EQ.ARA .............................................................................. - 0 .1 8 - 0 .2 0 - 0 .4 3 - 0 .5 2 -  0.48 - 0 .6 3
EXP.OP ............................................................................... +  1.38 + 1 .6 8 +  1.92 + 2 .2 3 +  2.36
GCO.NI ............................................................................... +  0.06 +  0.11 +  0.13 +  0.08 +  0.18
CI.LN ................................................................................... +  0.24 + 0 .2 2 +  0.20 +  0.15 +  0.39 +  0.58

* P ro ba b ility  level tha t d iv id e s  the  array of banks in each size c lass  at the 50th percen tile .

t  A pos itive  e la s tic ity  co e ffic ie n t ind ica tes  that an increase in a va ria b le  increases the p ro b a b ility  o f w eakness; a negative co e ffic ie n t 
ind ica te s  tha t an increase reduces the  p rob a b ility . See box on page 41 fo r d e fin itio n s  o f five  early  w arn ing  va riab les.

affect the estimated probability of weakness in a com
plex way. Nonetheless, there are noticeable differ
ences with respect to the impact of the five variables 
on the probability of future weakness, as illustrated in 
Table 6. The table shows the elasticities of the five 
early warning variables at the 50th percentile for each 
of the six functions estimated on the basis of size 
classes. The reader will observe that all the elastici
ties increase markedly with bank size.24 At the same 
time, the average probability of weakness estimated by 
the functions at the 50th percentile (not in table) tends 
to diminish with bank size. For example, the average 
probability of weakness at the 50th percentile for the 
1970-72 estimation period is 5.7 percent for banks in 
the $0-10 million size class, 3.1 percent for banks in 
the $50-100 million size class, and 3.8 percent for 
banks in the $300 million and over size class. At the 
20th percentile, the probabilities decline for banks of 
up to $100 million in size and then increase somewhat 
for larger banks. A possible explanation for this result 
is that the functions are capturing some of the pro-

24 These changes in part re flect the  tendency fo r the variances 
o f each fin an c ia l ra tio  to d ec lin e  w ith  la rge r size c lass ifica tio ns  
o f m em ber banks. The d ec lin e  in va riances suggest tha t 
large banks have m ore in com m on w ith  respect to th e ir risk 
exposure  and fin an c ia l m anagem ent than the substantia l 
num ber o f sm all banks tha t serve loca l m arkets all across the 
nation. To dete rm ine  w he the r th is  e ffect was in fluenced  by 
the  constra in ts  im posed on the va riab les , the same functions  
were estim ated using  an unconstra ined  regression  equation.
M uch the  same effects were observed.

tective effects inherent in an expanded scale of bank 
operations. This is the first evidence we have turned 
up in this project that suggests increased bank size 
alone has a positive effect on bank soundness. How
ever, for the years 1970-72, the protective effect of 
bank size appears to reach a plateau quickly and does 
not show any additional effect for banks above $100 
million of total assets.

Looking at the elasticities of each of the five early 
warning variables at the 50th percentile, the expense 
ratio (EXP.OP), as in the regional functions, has the 
largest impact on the probability of weakness in all 
size classes, followed closely by the ratio of LL.TS. 
The variables EQ.ARA, CI.LN, and GCO.NI have a sub
stantially lower impact. Further, the relative order of 
the importance (as measured by elasticity) of the vari
ables in the functions estimated for the selected size 
classes is similar to that found for the regional func
tions.

The computation of elasticities at the weakest 20th 
percentile produced substantially higher elasticities 
in each class.25 At the 20th percentile, the order of 
importance (by size of elasticity) of the equity capital 
ratio diminishes in the two largest size classes and in 
almost all other size classes as compared with the 
elasticities at the 50th percentile. Thus, for this sam
ple, at least, expense and risk factors rather than the

25 Data not show n but can be obta ined  from  the authors.
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Tab le  7

Nationwide Early Warning Forecast Based on Size Classes: 1973-75

C haracte ris tic 0-10 10-20
A sset s ize  c lass  o f m em ber banks (in  m illio n s  o f d o lla rs ) 

20-50 50-100 100-300 300 o r m ore

Total m em ber banks ( 1 9 7 2 ) ...................................................... 1,656 1,514 1,308 512 335 240

Total number of low -rated m em ber banks:
Predicted  ............................................................................................. 153 120 107 37 30 28
Actual .................................................................................................... 142 116 124 38 40 65
Actua l as percentage of to ta l banks .................................... 8.6 7.7 9.5 7.4 11.9 27.1

Num ber of low-rated banks placed  
in weakest percentiles by the function:
Weakest 10 percen t:

Predicted  ............................................................................................. 62 44 51 21 16 17
Actua l .................................................................................................... 52 32 53 15 10 13

Weakest 20 percen t:

Predicted  ............................................................................................ 79 57 62 24 20 20
Actual .................................................................................................... 80 65 73 23 14 26

W eakest 50 percen t:
P redicted ............................................................................................. 114 86 83 30 25 25
A ctual .................................................................................................... 124 96 106 32 27 54

A verage probability of a low rating from  function 
(in percent):
Banks tha t received low  superv iso ry  r a t in g s ................... 21.8* 16.9* 21.6* 24.2* 21.9* 18.1*
Banks tha t d id  not receive low  superv iso ry ra tings 8.1* 7.2* 6.8* 5.8* 7.2* 9 .5*

Gain In efficiency (in  p ercen t) t 12.5 36.2 33.5 40.2 15.4 33.5
Size of vu lne rab le  g roup  (as percentage o f to ta l 
m em ber banks in the s ize c la s s ) ........................................... . 84.5 54.0 57.1 58.2 60.9 71.3

* D iffe rence  from  expected p ro b a b ility  o f a un ifo rm  d is tr ib u tio n  s ig n ifica n t at 99.9 percen t co n fidence  level.

t  C a lcu la ted  at the  m edian p ro b a b ility  o f the  sam ple period  1970-72.

Table 8

Ability of Early Warning Forecasts to Identify Low-Rated Banks 
Regional versus Nationwide Functions

C haracte ris tic
N orth 

east
M id 
w est South W est 0-10

A sse t size c lass  (in  m illio n s  o f do lla rs ) 
100- 300 or

10-20 20-50 50-100 300 m ore

Percentage of a ll low -rated banks placed in 
w eakest percentiles by the function, 1973-75:*
W eakest 10 percen t ....................................................... 38.5 44.3 30.7 31.6 36.6 27.6 42.7 39.5 25.0 20.0
W eakest 20 percen t ....................................................... 61.5 75.4 45.5 50.6 56.3 56.0 58.9 60.5 35.0 40.0
W eakest 50 percen t ....................................................... 86.3 88.5 81.0 81.6 87.3 82.8 85.5 84.2 67.5 83.1

Percentage of all low -rated banks placed in 
w eakest percentiles by the function, 1974-75:t

W eakest 10 percent ....................................................... 48.2 57.6 31.1 38.6 41.9 41.7 40.3 35.7 31.4 23.9
W eakest 20 percent ....................................................... 68.2 72.9 50.6 55.0 64.5 61.7 59.7 51.8 40.0 42.3
W eakest 50 percen t ....................................................... 91.8 93.2 82.2 82.1 84.9 90.4 83.2 83.9 71.4 85.9

* Sam ple period  1970-72.

t  Sam ple period  1970-71.
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protective effects of equity capital became increasingly 
important as vulnerability increased.

The functions for each of the six size classes fore
cast the actual number of low-rated member banks 
with a degree of accuracy that is comparable to the 
regional forecasts, except the forecast for the larg
est of the size classes (see Table 7). The function’s 
forecast of the number of low-rated member banks 
for the largest size class tends to overpredict the 
number of these banks in the weakest 10 percent of 
the array but sharply underpredicts in the weakest 20 
percent. And in the weakest 50 percent, it predicts less 
than half the actual number of low-rated banks that 
were observed over the forecast period. This is the 
least accurate forecast obtained from all the functions.

The probabilities that the functions for each of 
the size classes accord low-rated banks in the fore
cast period are relatively high. They range from nearly 
17 percent to 24 percent, compared with about 6 per
cent to 10 percent for banks that remained strong. 
Again, these differences are highly significant.

The size group functions all yield respectable gains 
in efficiency. For all size classes except the two largest, 
the functions arrayed the banks so that banks receiv
ing low supervisory ratings during 1973-75 are highly 
concentrated in the weakest percentiles.

Concluding remarks
The relative performance of regional and size group 
early warning functions in arraying banks can be 
readily seen in Table 8. The table shows the ranking 
of low-rated member banks in three- and two-year 
forecast periods separately by region and by size 
class. The results are similar regardless of forecast

period and grouping, although the two largest size 
groups are somewhat of an exception. The forecasts 
obtained for banks having total assets of $100 million 
or more tend to yield rankings that are substantially 
less efficient in isolating low-rated banks in the weak
est 10 percent and in the weakest 20 percent of the 
array than all the other estimated functions.26

The foregoing results suggest that the incidence 
of marked weakness among relatively large banks was 
unique in 1974-75. The earlier historical experience 
therefore was not fully adequate to establish a rela
tionship between early warning variables and the 
probability of weakness during a period of unusually 
severe economic strain for this group of banks.

The promising results achieved thus far point to
ward wide possibilties for further investigation. The 
number of key financial characteristics of strength or 
vulnerability undoubtedly can be expanded as more 
comprehensive banking data become available, and 
this should lead to improved accuracy of early warn
ing functions. We expect, too, that the methodology 
described here can be applied to screen banks for 
vulnerability in certain important aspects of banking. 
These include United States banking abroad, the activi
ties of bank holding companies, and bank internal 
audit and control capacity. Progress toward early 
warning capabilities through statistical methods in 
these fields would be a valuable aid to bank super
vision.

“ Space limitations prevented the inclusion of estimation and 
forecast results employing other regions, size classes, and 
estimation and forecast periods than those presented here.
The authors will attempt to provide additional tabulations to 
interested readers on request.

Leon Korobow, David P. Stuhr, and Daniel Martin
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