ECONOMIC RESEARCH

FEDERAL RESERVE BANK OF ST. LOUIS
WORKING PAPER SERIES

Deposit Relationships and Bank Portfolio Selection

Authors R. Alton Gilbert

Working Paper Number 1977-018A

Creation Date January 1977

Citable Link https://doi.org/10.20955/wp.1977.018

Gilbert, R.A., 1977; Deposit Relationships and Bank Portfolio Selection, Federal
Suggested Citation Reserve Bank of St. Louis Working Paper 1977-018. URL
https://doi.org/10.20955/wp.1977.018

Federal Reserve Bank of St. Louis, Research Division, P.O. Box 442, St. Louis, MO 63166

The views expressed in this paper are those of the author(s) and do not necessarily reflect the views of the Federal Reserve
System, the Board of Governors, or the regional Federal Reserve Banks. Federal Reserve Bank of St. Louis Working Papers
are preliminary materials circulated to stimulate discussion and critical comment.



Working Paper No. 18

Deposit Relationships and Bank
Portfolio Selection

R. Alton Gilbert

Based upon a dissertation submitted in partial fulfillment
of the requirements for the degree of Doctor
of Philosophy in the Graduate School
of Texas A&M University

This working paper is circulated for discussion and comment. Quotations
and reference only by permission of the author.



ii

ABSTRACT

Deposit Relationships and Bank Portfolio Selection
(May 1971)

Robert Alton Gilbert
B. A., Lamar State College of Technology

Directed by: Dr. Thomas R. Saving

In most models of bank portfolio selection, relations between
the sources of bank funds and the way the funds are invested are
ignored.l A model is developed in which a bank competeé for some of
1ts deposits by offering loans to the depositors who démand loans
at interest rates lower than the rates charged other borrowers. In
a competitive banking industry, depositors will be offered better
loan terms than non~depositors. The bank portfolio selection model
is used to determine the effects of a tight money policy on the
bank loan market. Under the assumptions used in constructing the
model, bankers discriminate in favor of the borrowers who hold
demand deposits at their banks as monetary policy becomes more
restrictive,

Banks are prohibited from paying interest on demand deposits.
Since banks can increase their interest earning assets by increasing
deposits, bankers have an incentive to compete for demand deposits
by indirect-means. One way to compete for demand deposits is to
offer loans at reduced interest rates to the depositors who demand

loans. The bank's revenue from business with a customer includes
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the interest payment on his loan and the interest income from in-
vesting his deposit. The opportunity cost of establishing such a
relationship with a depositor is the market rate of interest times
the loan to the depositor. Competitive banks reduce the loan
interest rate for depositors until the profit from the total busi-
ness with the depositor is zero.

Bank portfolio selection models are used in analyzing the
optimal allocation of a bank's funds among a few groups of assets.
In such studies there are generally random variables, such as demand
deposit withdrawals, and constraints on the bank, such as the reserve
requirement, and the banker maximizes some objective function. A
model is developed in which depositors withdraw their deposits
only if their loan demands are refused. Depositors are offered
loans at the prime rate, and with a given deposit, the maximum prime
rate loan offered is the one that makes total bank profits from
business with the depositor equal to zero. The one random variable
in the model is the demand for loans by depositors. The banker
reacts to this source of uncertainty by allocating a part of the
bank's funds to an inventory for loans to depositors. The banker's
objective is to minimize the expected loss from holding the inven-
tory for loans to depositors. If the loan demand by depositors is
less than the inventory, the excess is invested in liquid securi-
ties. If the loan demand by depositors is greater than the inven-
tory, the banker either borrows the funds needed to make the loans

or refuses to make some loans and loses deposits.
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The bank portfolio selection model is used to investigate the
impact of a restrictive monetary policy on the interest rates
banks charge depositors and non—-depositors and the allocation of
loans among these two groups of borrowers. The conclusions are
based upon the condition that the share of deposits owned by the
depositors who demand loans increases as monetary policy becomes
more restrictive, Given that the demand for bank loans by
non—depositors is not perfectly elastic, the difference between
the interest rates charged non-depositors and depositors increases
and the share of bank funds going to depositors increaées as mone-
tary policy becomes more restrictive. Hypotheses drawn from the
model are not tested; the appropriate data on the demand deposit

balances of borrowers are not available.
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CHAPTER 1
BANK ASSET SELECTION
1.1 Introduction

Commercial banks have an important role in the transmission
of monetary policy to economic activity. One approach to the study
of this role is that of developing and testing hypotheses based
upon portfolio selection models. The effects of changes in a
bank's environment on the allocation of its funds can be analyzed
with these models; the banker's environment includes rétes of
return on assets, risks, constraints, such as the required reserve
ratio, and his anticipations of future events. Implications can be
drawn from such models about the influence of monetary policy on the

allocation of bank assets among various categories of assets.
1.2 The Nature of Bank Portfolio Selection Models

Bank portfolio selection models has been developed by specifying
a few asset classes among which bank assets are zllocated; assuming
an objective function for the banker, such as expected bank weaith
maximization or maximization of a risk averter utility function;

and identifying constraints and sources of uncertainty. With a given

The citations on the following pages follow the style of the
American Economic Review.




rate of return for each asset class, probability distributions for
variables about which the banker is uncertain, and constraints,
the optimal allocation of bank funds among the asset classes can
be determined. Rates of return are assumed to be uniform within
each asset class and to be net of repayment risk.1 With such
models, the reaction of bankers to monetary policy changes can be
predicted.

The bank portfolio selection models that have been published
generally have either two or three asset classes. A common asset
classification scheme for the models with two asset classes is
reserves and interest earning assets; these models are constructed
to predict the reserve ratio.2 A common asset classification scheme
for models with three asset classes is reserves, securities, and
loans.3 In these models, securities are sold to pay for demand
deposit withdrawals and earn a lower rate of return than loans;

loans are assumed to be illiquid.4

1The role of repayment risk in the bank asset selection lit-
erature is discussed in section 1.3.2.

2Morrison (1966); Orr and Mellon (1961).

3Kane and Malkiel (1965); Pierce (1964), (1967), Porter
(1961); Russell (1964).

4Although there is a price at which loans can be sold, the
percentage loss in value for loans is so much greater than for securi-
ties if they are sold on short notice that selling loans is disregarded
as a source of cash to pay for deposit withdrawals.



1.3 The Differential Treatment of Borrowers
1.3.1 Assumptions in Bank Portfolio Selection Models

In order to keep the number of variables in a bank portfolio
selection model manageably small, the number of asset classes must
be small, and much of the detail of banking operation must be
ignored. The following two assumptions are made either impli-~
citly or explicitly in the development of most of the models dis-
cussed above:

(a) Loans are assumed to be homogeneous assets which have

a uniforﬁbrate of return; no reason for differen-~
tial treatment of borrowers are assumed in the bank's
objective function or the bank's constraints.5

(b) The amount of the bank's funds for investment, deposits

plus bank capital, 1s independent of the way in which
these funds are invested; the objective of the banker
is to invest a given amount of funds in such a way as

to maximize the bank's objective function.6

5 Orr and Mellon (1961, pp. 616-17); Pierce (1964, pp. 523-25),
(1967, pp. 172-74); Porter (1961, p. 325); Morrison (1966, pp. 8-9);
Russell (1964, pp. 549-50).

® Orr and Mellon (1961, pp. 616-17); Russell (1964, pp. 545-6);
Pierce (1964, pp. 523-25), (1967, pp. 172-74); Morrison (1966,
pp. 8-9); Porter (1961, p. 328).



Pierce defends this approach to the study of bank portfolio selection
by assuming that the decision as to the share of the bank's funds
for each asset class, with loans as one of those asset classes, can
be separated from the decision as to the types of assets purchased
within each asset class.7

The model developed by Kane and Malkiel is an exception to the
statements made above about portfolio selection models.8 In their
model, bankers attract depositors by offering them special terms on
bank loans. The quality of relationships between a bank and some of
its depositors depends upon whether or not the loan demands of the
depositors are met, and the quality of these relationships affects
the profitability and risk of the bank.

A portfolio selection model is developed in Chapter III in which
the amount of assets a bank has to invest depends upon whether
or not the bank meets the loan demands of some of its depositors
who bargain for implicit interest on thier deposits in the form of
interest rates on loans below those charged non-depositors. Some
conclusions are drawn from the model about the influence of monetary
policy on the differential treatment of depositors and non-depositors

as two groups of borrowers by an expected profit maximizing banker.

"pierce (1967, p. 1972).

8Kane and Malkiel (1965).



Some sources in the banking literature that discuss differential
treatment of borrowers are summarized in this chapter. The topics
summarized below are (i) credit rationing due to risk, (ii) the role
of credit rationing in the availability doctrine, and (iii) the dif-
ferential treatment of large and small borrowers during periods of
restrictive monetary policy. These summaries are followed by a dis-
cussion of the differential treatment of borrowers who are depositors
of the lending bank and borrowers who are non-depositors. These models

of bank asset selection are compared in Chapter V.
1.3.2. Bank Credit Rationing Due to Risk

Credit is rationed to a borrower if he has an excess demand for
loans at the rate at which he can borrow and if he cannot increase
the size of his loan by offering to pay a higher rate of interest.
The effects of risk on the supply function of loans to a borrower by
a bank can be analyzed by deriving a loan offer function based upon
the bank's objective function and a probability distribution of the
terminal value of the borrower's investment of the loan. Models that
present the loan offer function of a banker in this way have been de-

veloped by Hodgman,9 Freimer and Gordon,10 and Jaffee and Mbdiglioni.ll

Hodgman (1960).

1OFreimer and Gordon (1965),

11Jaffee and Modiglioni (1969).



The loan supply model of Freimer and Gordon is presented as
representative of the loan supply functions in the credit rationing
models. The borrower invests Y of the bank's funds for a given
period of time in a risky venture that has a terminal value of X.
The banker forms a probability distribution f(X) for the terminal
value X, ® > X > 0. Under the most favorable conditions, the
borrower's total payment to the bank is the principle of the loan plus
contracted interest payments, and the liability of the borrower is
limited to the returns from the investment. Let r be the interest
rate the borrower promises to pay and i the opportunity cost to the
banker of using the bank's funds to make this loan. The expected

profit to the bank from this loan is:

Y (1+r) ©
(1.1 P = [ Xf (X)dX + Y(1+41r) . f f(X)dX - Y(1+i)
0 ' Y (1+1)

~

For a given rate r, there is a loan size Y that maximizes the ex~

pected profit from this loan. There are conditions under which

the loan size offered by the profit maximizing banker stops in-

creasing as the interest rate charged the borrower increases.
Hodgman and Freimer and Gordon concentrate on the construction

of loan supply functions to individual borrowers. Jaffee and Modig-

lioni stress the role of demand functions for loans as well as supply



functions 1in the determination of loan interest rates in their
discussion of credit rationing; the analysis by Jaffee and Modiglioni
is summarized in the rest of this section. The discriminating mono-
polist would charge all borrowers the interest rate at which the size
of the loan demanded equals the size of the loan supplied. Jaffee

and Modiglioni assume that banks collude by setting up a small number
of classes of borrowers. Borrowers within each class are charged the
same rate, and if the demand functions and risk characteristics differ
among borrowers within the classes, some borrowers may have credit
rationed to them. To enforce such a policy, banks would have to acquire
information about the demand function for credit of each borrower,

and banks would have to have complete cooperation in setting interest
rates. Jaffee and Modiglioni show that a banker will not ration credit

to a risk free borrower.12

1.3.3 Bank Credit Rationing in the Availability Doctrine

According to the availability doctrine, monetary policy affects
economic activity by changing the amount of funds lenders make available
to private (non~government) borrowers. Monetary policy is assumed
to be implemented through open market operations. A restrictive monetary

policy has two effects on lenders: (a) the rise in the rate of return

12
Jaffee and Modiglioni (1969, p. 858).



on government securities relative to the rate of return on private
securities makes buying government securities a more attractive
investment than before, and (b) a restrictive monetary policy causes
the risk attached to private securities to rise as expectations about
future economic activity change.l3

In Scott's exposition of the availability doctrine, a restric-
tive monetary policy can be effective if open market operations
increase the risk of return on government securities with the risk
of return on private securities unchanged. Private securities are
riskier investments than government securities. Banks are assumed
to have a maximum risk tolerance for the bank's portfolio of assets
and are assumed to have chosen a comination of assets that has such
a level of risk. If the risk on government securities increases and
the risk on private securities remains unchanged, banks must increase
the share of government securities in their assets in order to remain
within the risk tolerance.14

The effectiveness of monetary policy has been challenged on the
grounds that demand functions for loans are inelastic. fhe following
statement by Scott gives the position of advocates of the availability

doctrine in this debate.

13 Wallich (1946, p. 765); Roosa (1951); Scott (1957a).

.14Scott (1957a)



The availability doctrine has been cited in defense
of monetary policy when the latter's efficacy has been
questioned on the ground that borrowers may be insen-
sitive to the cost of borrowing. According to the
availability doctrine, a restrictive monetary policy
may cause a reduction in the quantity of credit sup-
plied private borrowers by private lending irrespec-15
tive of the elasticity of demand for borrowed funds.

A restrictive monetary policy causes the supply curves of funds
to private borrowers to shift to the left according to advocates
of the availability doctrine. A restrictive monetary policy must
restrict the supply of funds to private borrowers if it is to be
effective. If the demand curves for borrowed funds by private

borrowers are extremely inelastic, and if supply curves of funds

from lenders to private borrowers are not perfectly inelastic, 16

what must be explained is why the private borrowers cannot keep
the level of funde supplied to them nearly the same by bidding up the

interest rates they pay. Credit rationing by lenders to private

17

borrowers is the explanation offered. The administration of

monetary policy through credit rationing by lenders is discussed in
the following two statements in the availability doctrine literature.

Such successes as monetary policy has scored in the
past appear to have been due more to the rationing of credit
than to changes in its cost.1l8

The 'equilibrium' or market solution is ... in gen-
eral not the competitive solution. But the "equili-
brium' point will of course lie on the supply curve,

Lgiott (1957a, p. 41)

16 Scott (1957b, p. 536).

17Ellis (1951, pp. 255-56); Kareken (1957, pp. 301-2).

18 al1ich (1946, p. 769).
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at least in an inflationary situation when there is

likely to be excess demand, since it is the lenders

who administer the price.l9
Unfortunately, these statements are not supported with evidence.

Imperfections in the bank loan market due to an oligopolistic
or monopolistically competitive market structure keep the interest
rate charged on loans from being the rate which just equates market
supply and market demand,20 There is no clear agreement among the
contributors to this literature about whether the imperfections in
the bank loan market exist at all times or only during the periods
of restrictive monetary policy. The following statement by Paul
Samuelson to the Patman Committee in 1952 expresses a widely held
view of the functioning of the bank loan market.
According to this argument, if you change the terms

of Government bonds ... what [the banker] will do is

not post a sign outside his doors saying I am going to

raise my interest charges, But, on the contrary, for

a while at least, he might hold the same interest

charges, but he is going to be more choosey in that

margin of to whom he makes a loan. In other words, he
rations out credit.

S 0 0 0 0 080 L OGP PP L0 P SELEPLEEEN0IS BSOS PNEEBEPGLEONLEENNESESEOEIE

Now it is unthinkable that over a period of time,
of a few months, let us say, or of over a year, or
more than a year, that a banker should act so irra-
tionally that when credit is scarce he will hold his
rates perfectly inflexible. ...

5 20 00 2P E S PNLENELII PSS OONSNORNOROIITIIEGEIPIERIRSISELIOENOLOETRTE

19 Kareken (1957, p. 301).

20 Kareken (1957, p. 295).



11

What I mean is the following: the tightness
of rationing that the central banker can induce by his
ordinary operations will disappear after a few months
and be replaced by a firming of interest charges and
a return to normal stringency of rationing. ...

PO P P S S0P P PO OPB NI LT 0 L0 0000P00CERRESIGIOISOOENIROTOELOEDNES

...rationing and discretionary decisions will al-
ways characterize the loan market in the short run
and in the long run. 21
In his graphical presentation of the bank loan market, Kareken
assumed that there were imperfections in the market that keep the loan
rate below the equilibrium rate at all times; a more restrictive
monetary policy causes an increase in the level of excess demand
in the market for bank loans.22
In graphical representations of the bank loan market by Kareken

23 there is one loan demand curve and one interest rate

and Scott,
on bank loans. With this approach the bank rations credit to bor-
rowers i1f there is an excess demand for bank loans at the one bank
loan rate. But if a bank has reasons for treating groups of borrowers
differently, the bank rations credit if there is excess demand by

each of these groups of borrowers at the loan rates quoted to

them.24

In the model developed in Chapter III there are two groups
of borrowers: (1) the deposit customers, borrowers who have deposits

at the lending bank, and (2) non-depositors. An excess demand for loans

21Samuelson (1952, pp. 695-97).

22gareken (1957, p. 301).

23gareken (1957, p. 296, p. 301); Scott (1957 b, p. 536).

24Jaffee and Modiglioni (1969, p. 859) consider the implica-
tions for credit rationing of dividing borrowers into a small number
of groups, they concluded that such actions must be based upon an

oligopolistic organization of the bank loan market.
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at the rate charged deposit customers does not necessarily mean
that the banker is rationing credit., The higher interest rate
charged non-depositors may clear the market for bank loans to
non~depositors, See sections 2.5 and 2.6 for a discussion of why
competitive bankers offer loans to deposit customers at lower interest
rates than the interest rate charged non-depositors for loans.

The role of credit rationing due to risk has not been inte-
grated into the availability doctrine view of credit rationing.
Jack Guttentag developed a model for simultaneously determining the
equilibrium interest rate and degree of risk on loans.25 He assumed
a functional relation between the degree of risk on loans and a risk
premium on the loans which is high enough to compensate for the risk.
But if risk affects bank loan supply functions as analyzed in section
1.3.2., risk increases as the size of the loan increases, and beyond
some level of risk, there is no increase in the loan interest rate that
can compensate the bank for an increase in risk. The link that does
exist between risk on loans and the credit rationing of the availability
doctrine is that when bankers are rationing credit, loans are made

to the less risky borrowers,
1.3.4. Empirical Investigations of Credit Rationing

Donald Hester was able to test hypotheses about the existence
of credit rationing during the 1955-~57 period of restrictive mone-

tary policy. The results of his study are stated in the following quote.

25Guttentag (1960).
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Analysis of commercial and industrial loans re-
vealed that borrowers of any particular size could
obtain loans of at least the same maturity, the same
amount, and with the same likelihood of security in
1957 as in 1955. If risk is associated with longer
maturity, greater amount, or no security, we have
the result that identically risky loans could be ob-
tained by borrowers of given means, as measured by
their total assets, regardless of the level of com~
peting interest rates. There was no credit rationing!

26
D. Jaffee and F. Modiglioni established that a bank will not
ration credit to a risk free borrower. Their measure of credit
rationing is the fraction of loans made to risk free borrowers.
Without considering the influence of customer relationships on the

27 the risk free borrowers were as—~

granting of prime rate loans,
sumed to be the prime rate borrowers, and the percentage of loans at
the prime rate was used as a measure of credit rationing.28 Note
that their approach to measuring credit rationing is based on the
assumption that borrowers at rates above the prime rate have credit

rationed to them. The percentage of loans at the prime rate is given

a different interpretation in the model developed in Chapter III.
1.3.5. The Differential Effects of Tight Money

Several studies have analyzed the issue of whether restrictive

monetary policy increases the difficulty of small business borrowers

204ester (1967, p. 167).

27Wojnilower and Speagle (1968, pp. 256~57).

28Jaffee and Modiglioni (1969).
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relative to that of large business borrowers in obtaining bank
loans. Three such studies are based upon data from the 1955-~57
period of increasingly restrictive monetary policy; information from
this period was used because borrowers were identified by the size
of their loans in bank reports.

The Federal Reserve System made a study in 1958 of the alloca-
tion of bank loans during the 1955-57 period between large and small
borrowers. The conclusion was that:

...monetary restraint may have contributed, to some ex-

tent, to the slower growth in loans to small than to

large businesses within the various size classes of banks,

particularly the larger banks, although the evidence from

the loan surveys alone is not sufficient on this point.29

In a study of G.L. Bach and C.J. Huizenga based upon the same

1955-57 loan survey data, banks were divided into groups of loose,
medium, and tight banks. They found that the share of loamns to
large borrowers increased more at loose banks than at tight banks.
With this as a test for banker discrimination, they concluded that
there was no discrimination against small borrowers during this
period.30
William Silber and Murray Polakoff used the same data to show
the existence of banker discrimination by the size of the borrower

29 ckert (1958, p. 404).

30Bach and Huizenga (1961).
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under their indicator of discrimination..31 They assumed that banks
have loan offer functions for loans to small borrowers as one group
and large borrowers as another group. The dollar amounts of loans
a bank has in each category of loans are assumed to be functions
of (a) the interest rates charged the two groups of borrowers, (b)
the average maturity and security of the two groups of loans, (c) total
deposits of the bank, and (d) the ratio of demand to time deposits of the bank.
Let L° be the dollar amount of loans to small borrowers, Lb the
dollar amount of loans to large borrowers, and D total'deposits at
the bank. ThendL®/3D andd Lb/aD indicate the allocation of an
extra dollar of deposits between these two groups of bor-
rowers. If there was no change in the treatment of large and small

borrowers, there would be no reason for (3L25/3D)/(8L27/8D) to be

different from ( L?S/BD)/(3L§7/BD) (the subscripts 55 and 57 denote

the years 1955 and 1957, respectivelﬁ. Since the ratio was smaller
for larger borrowers, they concluded that there was discrimination by banks

against small borrowers as monetary policy became more restrictive from 1955 to
1957.

There is no discussion in these three studies of the reasons why banks
would discriminate against small borrowers. If the hypothesis that
discrimination -of bankers against small borrowers increases as monetary

policy becomes more restrictive is to be based upon economic theory,

3lgi1ber and Polakoff (1970).
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some criterion for differential treatment of borrowers by size of
loan must be a part of the bank's objective function, cost function
or constraints. In the article by Silber and Polakoff the bank offer
functions for loans to large and small borrowers were not de-

rived from a bank asset selection model but were simply assumed to
exist in the forms given. In the Federal Reserve study, the dif-
ferences in the interest rates charged large and small borrowers
were related to differences in bank costs per dollar of loan.

But the costs of lending to large borrowers relative to the cost of
lending to small borrowers would have to change during a period of
restrictive monetary policy to account for a change in the differ-
ential treatment of borrowers in response to monetary policy. The
conclusions drawn from such studies about bank discrimination by

size of borrower cannot be expected to hold in other periods unless

2Eckert (1958, p. 406). Studies by Benston (1964), Landadio
(1963), and Levenson (1962) investigate bank cost differences in
making loans to large and small borrowers as a partial explanation
for differences in the interest rates banks charge borrowers. The
empirical work uses cross-section data, and the changes in the costs
of making loans to large borrowers relative to the costs of making
loans to small borrowers in response to monetary policy are not con-
sidered in these studies. H. Peter Gray (1963) considers the impli-
cations of bank cost changes over time for the effectiveness of mone-
tary policy. Except for time deposit costs, the role of secular
changes in bank costs is stressed, and he does not consider the
implications of changes in bank costs for the interest rates charged
large and small borrowers.
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reasons are given for such discrimination.

One defense of an empirical study of bank discrimination among
borrowers without theoretical foundation might be that changes in
the treatment of borrowers in response to monetary policy can per-
haps be predicted with enough study of the patterns in past periods.
But such a predictable pattern might hold only under presently
existing monetary institutions. The impact of changing these in-
stitutions for the differential treatment of borrowers can be pre-
dicted only if the differential treatment of borrowers is a con-
clusion drawn from a bank asset selection model which éan reflect
the institutional arrangements. One institutional arrangement with
implications for the bank loan market 1is the prohibition of interest
payments on demand deposits. The implications of this restriction
on the form of competition among banks for the differential treat-
ment of borrowers are developed in Chapter IV. See Chapter V for
a contrast of the differential treatment of borrowers considered

in this section and that developed in Chapter IV.

1.4 The Deposit Relationship and Bank

Portfolio Selection

1.4.1 The Nature of Deposit Relationships

Banks are assumed to compete for those depositors who demand
loans by offering them loans at rates below the loan rates offered
other borrowers, the non-depositors. Other depositors demand their

implicit interest on their demand deposits in the form of bank
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services. A bank sacrifices the greater revenue that could be
earned by making the loans to non-depositors because of the
profitability of investing the deposits he can attract by his loan
policies.33 With this type of competition among banks for deposits,
a differential treatment of borrowers exists; the two groups of bor-
rowers are called deposit customers and non~depositors.

The prime rate is generally accepted as a floor»on the loan
rates offered to depositors.34 With a given deposit size, there is
a maximum loan the banker will make at the prime rate, A non-depositor
is a borrower who does not have a demand deposit balance where
he borrowé with which to bargain for special terms. Since mpst
nonfdepositor borrowers have deposits in some bank, why would
they go to another bank for a loan? To make this distinction
between borrowers appear more rational, a non-depositor is
assuméd to either have too small a demand deposit to make it worth
the banker's trouble to establish a deposit relationship or to have
a demand for bank loans which is larger than the maximum loan the
banks offer the borrower as a deposit customer, The borrower
enters the loan market with the rest of his loan demandvundér the
same conditions as a borrower who owns no demand deposit balance.

So the term non-depositor 1is used in the sense that the borrower

33A model of the profitability of a deposit relationship to a

bank is developed in section 2.5.

34Wojnilower and Speagel (1968, p. 256).
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has no deposit at the lending bank on which to bargain for interest
rate reductions on a particular loan. One borrower may make loans

both as a deposit customer and as a non-depositor.

1.4.2. The Effects of Deposit Relationships on Bank Asset Selec-

tion: Some Evidence

Donald Hester has estimated commercial bank offer functions
for both term loans and commercial and industrial loans. His ob-
jective was to isolate those characteristics of borrowérs which
significantly influenced the size, maturity and intereét rates of
loans offered by banks:

An applicant's profits, the ratio of his current

assets to current liabilities, his deposit balances,

the number of years which he was a depositor at the

bank, his profit rate, his location, and perhaps his

total assets appear to inf%uence significantly the
terms at which banks lend. 3

With a sample of 48 borrowers at one large commercial bank, James
Cooper found that, for prime rate borrowers, the size of the loan
was significantly related to the number of banks at which the
borrower had relationships and the profitability of the deposit
relationship during the past year. Using the full sample, the rate
of interest on loans was significantly related to the same two
variables. The larger the number of banks at which a customer had

relationships and the greater the past profitability of the deposit

35 gester (1967, p. 165).



relationship to the bank, the larger the loan the customer gets
and the smaller the interest rate he is charged.36 Murphy found
that the closer the relationship between Massachusetts townships
and banks buying their tax anticipation notes, thebgreater the
difference between the rate the bank charged and the open market
rate for tax anticipation noteé of the same risk rating, size and
maturity.37 Interviewers of bankers conclude that the ﬁature of
customer relationships is one of the most important factors in the
allocation of bank funds during periods in which monetary policy is
becoming more restrictive.38

Benjamin Klein (1970) has tested the hypothesis that commercial
banks pay interest on demand deposits as though the law did not restrain
them from doing so against the alternative hypothesis that banks pay
no interest on demand deposits. A money demand function which includes
an interest rate on demand deposits was found to have a better fit than
estimated money demand functions which exclude that variable. Klein
concludes that the hypothesis that banks are not impeded from paying
interest on demand deposits is more nearly correct than the hypothesis
that they do not pay interest.

Donald Jacobs (1970) has estimated the influence of several variables

involved in bank-customer relationships on the interest rates the

36Cooper (1967, pp. 105-22).
37Murphy (1969, pp. 60-67),

38Hayes (1964, pp. 227-28); Hodgman (1963, pp. 21-33).
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customers are charged on loans. Variables which are found to have
statistically significant influences on loan interest rates include

the average deposits of customers, fluctuations in their deposits,

and the length of the relationship between the bank and the customer.
1.4.3 A Preview of Chapters II, III, and IV

In Chapter II the conditions under which it is to the advan-
tage of both the banker and borrower to establish a deposit rela-
tionship are discussed, and a model for the profitability of a
deposit relationship to the bank is developed in terms of interest
rates and‘the customer's loan to deposit ratio.

In Chapter III the competition among banks for establishing
deposit relationships is incorporated into a bank portfolio selection
model. For convenience of exposition, all loans to deposit customers
are assumed to be made at the same interest rate, called the prime rate.
Since the bank attracts and retains some deposits by making prime rate
loans to depositors, the bank loses deposits if the loan demands of
depositors are refused and if other banks will meet the loan demands.
As explained in the first part of this chapter, an impo;tant reason
for developing bank portfolio selection models is to show the effects
of uncertainty on bank asset selection. The random variable in the
portfolio selection model of Chapter III is the demand for loans by

deposit customers. Competition forces banks to offer depositors

maximum prime rate loans which are some multiple of their deposits;

-

a bank need not worry about the consequences of refusing a prime rate
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loan demand which is larger than this maximum since no other bank

will offer a larger prime rate loan to the borrower. The bank reacts
to this source of uncertainty by allocating a part of its assets to

an inventory for loans to deposit customers which is some fraction

of the maximum prime rate loan commitments to its depositors, and the
bank borrows reserves from other banks in order to make loans to
deposit customers if the demand for loans by these customers is greater
than the inventory of bank deposits held for making these loans.

An objective of the bank is to allocate that share of its assets
to the inventory for loans to deposit customers which minimizes the
expected loss of holding the inventory. If the inventory is too large,
earnings on higher yielding loans to non-~depositors are foregone. 1f
the inventory is too small, the bank will have to refuse deposit
cusomter loan demands which other banks will meet, and those depositors
who have their loan demands turned down withdraw their deposits from
the bank.

The four asset classes among which the bank allocates its assets
are loans to non~depositors, loans to deposit customers, securities,
and reserves; excess reserves are assumed to be zero. The inventory
for loans to deposit customers equals loans to deposit customers plus
securities, and since the demand for lcans by deposit customers is
assumed to be a random variable, the quantity of loans to deposit customers
is partially determined by the deposit customers. An increase in the
share of the bank's funds in the inventory for loans to deposit customers

is a decrease in the share invested in loans to non-depositors. The
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optimal share of the bank's funds in the inventory for loans to deposit
customers is a function of the prime rate paid by deposit customers
and the interest rate paid by non-depositors.

The differential treatment of deposit customers and non-depositors
in this model is affected by monetary policy. Rational behavior by
depositors is shown to lead to an increase in the share of deposits
held by those who demand their implicit interest on deposits in the
form of loans at reduced interest rates as monetary policy becomes more
restrictive., The difference between the interest rates paid by deposit
customers and non~depositors must increase if the optimgl share of the
bank's funds in the inventory for loans to deposit customers, and
therefore, the share in loans to non-depositors, is to remain unchanged.

Differential treatment of groups of borrowers occurs if bor-
rowers in one group must satisfy a different set of requirements
to get lcans than borrowers in another group. Since risk is ignored
in the portfolio selection model of Chapters III and IV, such non-price
bank requirements as security for loans are not relevant. The only
distinction between borrowers in that model is the interest rate they
pay, and the difference between the interest rates charged borrowers
is a measure of their differential treatment. If the difference between
the interest rates charged non-depositors and deposit customers increases,
it has become relatively more difficult for non-depositors to get loans. .

In his article entitled "The Deposit Relationship and Commer=-
cial Bank Investment Behavior," Hodgman discussed the effects of a
restrictive monetary policy on the way banks allocate their loan funds

between deposit customers and non-depositors. He concluded that
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deposit customers get first claim on the bank's funds during a period
of restrictive monetary policy; this position is expressed in the
following quote:
It would be a foolish banker, indeed, who grasped

at temporarily high yields at the expense of losing

important long-term deposit accounts. ... there is

no feasible increase in interest for such loans (to

non-depositors) which would make them preferable to

those which the banker expects to make to this pre-

ferred deposit customer in a period of increasing

credit demand and increasing stringency. 39
Unfortunately, this conclusion is not a deduction from a bank port-
folio selection model. Without assumptions about the bank's ob-
jective function, constraints and sources of uncertainty, there is
no way to determine what increase in interest rate would induce
the banker to switch funds from loans to deposit customers to loans
to non-depositors.

The methodology in this paper is different from that used by
Hodgman. In Hodgman's analysis of bank profits from a deposit
relationship, the loan demand by the deposit customer is assumed known,
and the decision of the bank that he analyses is whether or not to
make a loan to an individual deposit customer. The demand for loans
by deposit customers is a random variable in Chapters III and IV, and
the profitability of investing in loans to deposit customers as a type
of asset is the profitability of investing in an inventory for loans
to deposit customers. By assuming (1) expected profit maximization to
be the banker's objective, and (2) a specific distribution of the demand

for loans by deposit customers, the increase in the interest rate on loans

to non-depositors that would keep the share of bank funds in the

39Hodgman (1961, p. 265).
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inventory for loans to deposit customers from rising as monetary
policy becomes more restrictive can be predicted.
Goldfeld discussed the role of the bank-customer relationship

in his book Commercial Bank Behavior and Economic Activity.ao In

his model of bank asset selection the banker is assumed to make all
of the loans demanded by deposit customers. The choice variable
relating to loans in his model is the share of the bank's funds in
all loans. The approach taken in the next two chapters is to
analyze the costs and returns from making loans to deposit cus-
tomers and to make the part of deposit customer loan demand to be

met an optimizing decision.

1.5 Summary

In most bank portfolio selection models, loans are assumed to
be homogeneous assets with the same rate of return, and the amount
of assets the bank has to invest is assumed to be unrelated to the
way the bank invests the funds. Any differential treatment of
borrowers violates suéh assumptions. The literature on credit
ratioﬁing describes a type of differential treatment of borrowers.,
Bank credit rationing has been analyzed as the rational reaction of
bankers to the riskiness of loans. Credit rationing is an important
sssumption in the analysis of the impact of monetary policy in the
availability doctrine. Attempts have been made to measure the dif-
ferential treatment of large and small borrowers. The objective
of the studies was to determine if banks treat large borrowers more

favorably than small borrowers during tight money periods.

40Go1dfeld (1966, p. 26)
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The type of bank behavior that is consistent with such objec-
tives as expected profit maximization has been limited in most
published studies by ignoring links between the sources and uses of
bank funds. In the portfolio selection model developed in the
following chapters, the bank competes for deposits by offering
loans to depositors at lower interest rates than the rates
charged non-depositors. The expected profit maximizing banks may
discriminate in favor of its depositors who demand loans during

tight money periods.
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CHAPTER II
THE DEPOSIT RELATIONSHIP

The profitability of bank-customer relationships is analyzed
in this chapter. The conditions under which banks and their
customers find it to their advantage to establish these relation-
ships are discussed by summarizing the literature on compensating
balance requirements. A model for measuring deposit relatiomnship
profits for the banker is developed in the remainder of the

chapter.
2.1 A Definition of a Deposit Relationship

A bank-customer relationship exists if a depositor is able to
bargain with a bank for better prices on bank loans and services
than the prices offered to non-depositors. A deposit relationship
is a restricted form of a customer relationship in which special
terms are given to a depoéitor only on bank loans. The deposit
relationship is the only type of bank-customer relationship discussed
in this chapter since bank asset selection is being considered and

not the pricing of bank services.
2.2 The Rationale for Compensating Balance Requirements

The compensating balance requirement is the most uniform and
widely known aspect of deposit relationships. Under the compen-

sating balance arrangement for bank loans, the borrower must have
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a deposit with the lending bank which is some fraction of the loan
or credit line agreed upon. For some deposit customers the com-
pensating balance is measured as the average balance and for others
as the minimum balance; a reason for such a difference in treatment
is discussed in section 2.4. Although compensating balances are
required in some arrangements.for the sale of bank services at
reduced rates, Baxter and Shapiro found that over four-fifths of
the banks in their survey requiring compensating balances used the
requirement primarily as a condition for establishing lines of
credit.

There is no regularly published series on compensating balance
ratios; the available evidence indicates that the ratios vary from
10 percent to 20 percent of the credit line or loan, depending upon
the stage of business fluctuations in which the negotiations take
place.l'2 Some banks do not require the same compensating balance
ratio of all borrowers. When Hayes asked bankers what
compensating balance ratios they required for various types of
loans, some could not quote definite percentages because

their policies were so flexible."’3

41Baxter and Shapiro (1964, p. 487).

42 gaxter and Shapiro (1964, p. 498); Hayes (1964, pp. 78-82;
Hodgman (1963, p. 108); Robinson (1962, p. 283).

43payes (1964, pp. 78-82)
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Compensating balance requirements are considered in a discus-
sion of deposit relationships because the profitability of deposit
relationships for banks and the borrowers depends upon the
rationality of compensating balance requirements. Under one inter-
pretation requiring compensating balances is an inefficient means
of raising loan interest rates, and under another interpretation
this arrangement is advantageous to both the banker and the
borrower. Establishing the case for the second interpret;tion is
important for the later discussion of the profitability of deposit
relationships for both bankers and deposit customers.

A compensating balance arrangement may be profitable for the
banker if it increases bank lending capacity. The profitability of
the arrangement for the borrower depends upon his reasons for hold-
ing his demand deposit balances. Hellweg has shown that if the
customer borrows the compensating balance from the bank making the
loan, and if the borrower would not have held as large a demand
deposit balance if the compensating balance was not required to get
the loan, the profits of the banker could be increased and the
interest costs of the borrower reduced by eliminating the compen-
sating balance requirementﬁé

The argument for the irrationality of a banker lending com-

pensating balances to a borrower is developed symbolically. Let

“‘Hellweg (1961).
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T be the total loan to the deposit customer, C the compensating
balance, T-C the amount of the loan the borrower is free to use,
i the contract rate of interest, i' the effective rate, and p the
required reserve ratio. Then
(2.1) i' = iT/(T-C)
The bank's reserves are not increased by this transaction, but re-
quired reserves are increased by p C above what they would have
been 1f the bank had loaned T-C to the customer and required no
compensating balance. If the borrower was not required to hold the com-
pensating balance, the bank could increase bank profits by lend-
ing an additional p C, and the banker could share part of the increase
in profits with the borrower of T-C by charging a rate between i and
i'. So the compensating balance requirement may be interpreted as a
rational means of increasing the interest rate on bank loans only
if contract rates are rigid. With fléxible contract rates lending
compensating balances to the borrower is a less efficient way of
increasing bank profits than increasing the contract rates on loans.
The same argument is developed by Davis and Guttent3345 and Shapiro
and Baxter.46

The compensating balance requirement is a rational arrangement

for both the bank and the borrower if the borrower would have held

a demand deposit balance at least as large as the required compen-

45Davis and Guttentag (1962, pp. 121-26).

46Shapiro and Baxter (1964, p. 266).
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sating balance even if compensating balances were not required to
get a lcian.l’7 If this is the case, the demand deposit balance is
said to be held voluntarily. Of course the borrower might keep

his deposit balance in a bank other than the one at which he

borrows if the compensating balances were not required. But by
holding the deposit at the lending bank, the borrower gets an
interest rate reduction for holding a deposit balance that he would
have held anyway. Through the compensating balance arrangement

the bank can increase its lending capacity beyond what it would have
been if it had made the loan to a non-depositor. '

Writers on the rationality of compensating balance require-
ments have implicitly assumed that the reserve ratio is the only
institutional constraint on the asset selection of bankers. If a
capital adequacy constraint is effective, requiring forced
(non-voluntary) compensating balances increases required bank capital
more than lending with no compensating balances required. The guide
to capital adequacy to be used in this discussion is that developed
by the Federal Reserve Board.48 For every dollar of bank assets in a
given category, there must be a specified number of cents in the capital
accounts, and the larger deposits are relative to bank cash plus short-term
assets, the greater the number of cents there must be in the capital

accounts per dollar of demand deposits. If all demand deposits the

A/Shapiro and Baxter (1964, pp. 261-67).

48Chamber and Charnes (1961);: Crosse (1962, pp. 157-90).
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bank creates by making loans are withdrawn from the bank except for
the borrowed compensating balances, bank cash is reduced by T-C both
if the loan T is made with the compensating balance C and if the loan
of T-C is made with no compensating balance required. Required bank
capital increases more With the loan of T and compensating balance

C than with the loan of T-C because (a) loans are larger by C under
the first transaction than the second, and (b) deposits are larger

by C under the first transaction than the second with bank cash plus

short-term securities the same in both cases.

2.3 Evidence on Demand Deposit to Bank Loan
Ratios of Bank Customers

Emmer has estimated demand deposit to bank loan ratios for
firms in several industries.49 Firms in non-financial industries
had average demand deposit to bank loan ratios much above the exist~-
ing required compensating balance ratio; these firms would hold
such large balances only if they were held voluntarily. Mortgage
companies, chosen as examples of firms in a non-bank financial
industry, had demand deposit to bank loan ratios near the required
compensating balance ratio; these observations imply that firms
in non~bank financial industries may hold at least part of their
demand deposits as idle (forced) balances. As is explained below,
firms in financial industries are treated differently by banks as

deposit customer than other large depositors.

49Emmer (1957).
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2.4 Compensating Balances as Average

or Minimum Balances

The issue of whether compensating balances are held voluntar-
ily or as forced balances is related to the issue of how banks
measure compensating balances - as the minimum or average balance.
If the borrower voluntarily holds a large average balance relative
to the usual compensating balance associated with his borrowing
demands, as is typical of firms in non-financial industries, the
bank is more likely to measure the compensating balance for the
loan or iine of credit as the average balance during some period
of time. Under this arrangement the demand deposit to bank loan ratio
may be less than the required compensating balance ratio at any
particulary time; the bank anticipates that the depositor will hold
a large enough balance at other times to make the deposit relationship
profitable. If compensating balances are not voluntarily held, the
bank is more likely to enforce the compensating balance requirement
at all times. This means that compensating balances are measured as
the minimum deposit balance held by the borrower during the period
of the loan or credit line.

The reason presented in this section for measuring compensating
balances as average or minimum balances is based upon a survey by
Hayes of policies at nine large commercial banks. All of the banks

50
in the survey measured compensating balances as the average balance.

5OHayes (1964, pp. 74-86).
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Baxter and Shapiro found that about half of the banks that used
compensating balance requirements allowed some sort of averaging
of required balances, and of banks with more than $500 million
in deposits, over 80 percent allowed balance averaging. The typi-
cal averaging period at the large banks was one year.51

Firms in financial industries, such as mortgage and consumer
finance companies, have their compensating balances for their
credit lines measured as the minimum balance during the period of
the relationship.52 The credit extended to firms in financial industries
during periods of monetary restraint falls more than the decline in
credit extended to other large business firms.53 As 1s shown in section
2.5, the higher the demand deposit to bank loan ratio, the greater
the probitability of a deposit relationship. The relatively low ratio
of demand deposits to bank loans of firms in financial industries make
their deposit relationships only marginally profitable to banks.
The contrast between the average demand deposit to bank loan ratios
of firms in financial and non-financial industries is consistent with
the differential treatment of firms in the calculation of compen-
sating balances as average or minimum balances and with the loan

priorities bankers set during periods of monetary restraint.

51Baxter and Shapiro (1964, p. 487). For other banking lit-
erature sources in which bankers are said to measure compensating
balances as average balances, see Robinson (1962, p. 143); David
and Guttentag (1962, p. 122),

52Baxter and Shapiro (1964, p. 490).

53Hodgman (1963, p. 22, pp. 157-8); Hayes (1964, pp. 221-24).
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In the following analysis of deposit relationship profitability,
bank lending capacity is assumed to increase when a deposit rela-
tionship is established, and the deposit relationship 1is assumed
to be a profitable arrangement for the deposit customer. This

assumption is important in the model of Chapter III.
2.5 Profits from a Deposit Relationship

Assume that the i'th deposit customer makes a loan Li and
holds a deposit Di during a period of time. Let rp be the interest
rate charged the deposit customer on his loan; r is the rate of return
on the investment of bank funds In interest earning asséts other than
loans to deposit customers; and p is the reserve ratio. The revenue
the bank earns from the loan to the i'th deposit customer and the
investment of funds from the deposit which is attracted or retained

by making the loan Li is:
(2.2) rp (Li) + rDi(l—p)

The options open to the banker must be specified to know what opportunity
cost to subtract from this revenue for a measure of profits from the
deposit relationship. To be consistent with the opportunity cost

used in the literature on this subject, 54 the banker must hawe excess

reserves at least as large as Li' The banker can either invest Li

at the interest rate r, or he can make the lcan to the i'th deposit

54
Cooper (1967); Hodgman (1961), (1963); Murphy (1969);
Richards (1967).
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customer and increase lending capacity by Di(l—p). Therefore, the
opportunity cost of lending Li to the i'th deposit customer

is r(Li). The service charges on the demand deposit Di are

assumed to equal the bank's costs of servicing the demand deposit ac-
count to simplify the equations. The profit from the i'th deposit

relationship is:

e e _ (55
(2.3) Pi = (rp T) Li + rDi(l p)

The bank's profit from the i'th deposit relationship during
one period is given in equation (2.3). If the present and future
values of all variables in (2.3) are assumed to be the same, the
present value of the stream of profits from the i'th deposit rela-
tionships is:

(2.4) ®)/r = Ly -0)/r + Di(l-p)56

2.6 Indirect Interest Payments on Demand Deposits

Banks are assumed to pay interest on demand deposits indirectly
by charging depositors lower interest rates on loans than they charge
non-depositors. If the banking industry is assumed to be perfectly

competitive, the interest rate deposit customers receive indirectly

55This equation is similar to those in the works by Cooper
(1967, p. 82), and Hodgman (1963, pp. 99-101).

56The present value of a stream of profits from a deposit re-

lationship with a finite horizon and present and future values dif-
ferent is analyzed in section 2.8.
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on their deposits through reduced loan interest rates is the same
rate they would receive if banks were permitted to pay interest
on demand deposits directly.57

In a perfectly competitive banking industry equilibrium bank
profits and net worth are zero. Let r be the rate of interest at
which banks can invest their assets. 1If DD is the level of deposits
in a particular bank, the bank's revenue during one period is
rDD(1~p). Assume that bankers may pay interest on demand deposits
directly. Service charges on deposits are assumed to equal the
costs of servicing deposit accounts. Then banks will bid up the rate

r on demand deposits until:

~ -~

(2.5) tDD(1-p) = ¥rDD; r = r(1-p)

Now assume that direct interest payments on demand deposits
are prohibited. The i'th customer at a particular bank holds a

deposit D During the current period, the bank earns rDi(l—p)

e
on this deposit. Bankers cannot compete for this deposit by pay-

ing interest to the i'th customer, but they do compete by offering
loans at the interest rate r* which is below r. The income the bank
sacrifices in attracting the deposit of the i'th customer is (r-r*)Li.

Because of competition among bankers,

(2.6) (r-r*)Li = rDi(l-p)

571 am indebted to Dr, Thomas Saving for the suggestion of
viewing bank-customer relationships as indirect interest payments
on demand deposits and for developing a part of the analysis in
this section.
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The i'th customer saves (r—r*)Li in interest costs by getting
the loan Li at the bank where he has a deposit. This interest cost

saving can be considered a return on holding the demand deposit

D If r is the rate of return the depositor receives indirectly

i.
from holding his deposit,

2.7) (r—r*)Li = ; Di

By equations (2.6) and (2.7),

(2.8) rDi = rDi(l—p); r = r(1-p),

which is the same as equation (2.5).

A bank balance sheet can be used to sho& that competition
among banks for deposits by both direct interest payments and loans
at reduced rates f;r depositors have the same effect on bank net
worth., Assume that (a) the bank has zero capital, (b) direct interest
payments on demand deposits are prohibited, (c) all borrowers pay the
market rate of interest r on bank loans, and (d) service charges equal
the c§§ts of servicing deposit accounts. Let DD be total demand deposits
at a girticular bank and p the reserve ratio. There are no time deposits
at the bank. The bank's liabilities are pDD, the present value of
interest income foregone by holding assets in a reserve to pay for

deposit withdrawals,58 and loans equal (1-p)DD. Balance sheet entries are

58Pesek and Saving (1967, pp. 138-62).
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present values of future income and cost streams; the income and
cost streams are discounted at the market interest rate r which is

assumed to remain the same in future periods.

Bank Balance Sheet 1

Assets Liabilities
Loans (1-p)DD pDD
Reservés pDD Net Worth

(1-p)DD

Now suppose that the banker pays the interest rate t on demand -
deposits directly. During each period, the banker has a commitment
to pay tDD in interest costs; the present value of the future
stream of interest costs is r(DD)/r. The effect of this change

in bank competition is shown in Bank Balance Sheet II.

Bank Balance Sheet 11

Assets Liabilities
Loans (1-p)DD pDD
Reserves pDD F(DD)/x

Net Worth

(1~p)DD - £ (DD)/r
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If the banking industry is competitive, bankers will bid up the

rate r to the level at which net worth is zero:
(2.9) DD[ (1-p) - T/r] = 0; T = r(1l-p)

Assume that direct interest payments on demand deposits are
prohibited. Competition among banks for deposits takes the form
of loan rate reductions for those depositors who demand loans.

Let CD be the value of deposits at the bank owned by those deposi-
tors getting prime rate loans, and let CL be the value of those
loans. The present and future values of the prime rate are assumed
to be the same. The bank receives rpCL each.period from the loans
to depositors. This stream of future interest receipts is dis-
counted to the present with the discount rate r, and the present

value of this revenue stream value is rpCD/r.

Bank Balance Sheet III

Assets Liabilities
Loans (1-p)DD - CL + rpCL/r pDD
Net Worth

Reserves oDD

(1-p)DD - CL + rpCL/r

The only way banks can compete for deposits is by offering
interest cost savings to depositors who demand loans. If bankers

complete for these deposits until the profitability of each deposit
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relationship is zero, depositors are offered a ratio of prime rate

loan to deposit equal to

(2.10) r(l—o)/(r-rp)
Therefore,
(2.11) CL = CDr (1-p)/(r—rp')

and the bank net worth in Bank Balance Sheet III will be written as:

(r—rp)r(l-p)

(2.12) (1-p)DD - e

CD = (1-p)DD - [55%2921 CD

The deposit customers receive the interest rate r(l-p) indirectly

on their demand deposits. During each period, the bank thas a com—~
mitment to give interest cost reductions to depositors equal to
r(1~p)CD in order to retain their deposits. The bank's balance

sheet can be rewritten to show r(l-p)CD/r as a liability of the

bank.,
Bank Balance Sheet IV
Assets Liabilities
Loans (1-p)DD pDD

Reserves pDD (1-p)CD

Net Worth

(1-p) (DD-CD)
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Net worth of the bank would be zero if CD = DD, i.e., if all
depositors at each bank demand loans at that bank. In this situation

each depositor would borrow (l1-p) times his deposit at a zero rate of

interest.

(2.13) 1-p) = r(l-p)/(r-rp)
only if

(2.14) r =0

p

2.7 The Contribution of Future Deposit Relationship

Profits to Bank Wealth

The profits which a bank anticipates making from deposit relation-
ships in the future has been stressed as an important determinant of
bank asset selection,59 and Hodgman has suggested that the present
value of a future stream of profits from a deposit relationship be
considered a part of bank net worth.60 Only Kane and Malkiel have
specified how this source of bank wealth might be meaSured.61 Their
equation for expected long-run profits from the i'th deposit relationship
is:

U
(2.15) E(LRIi) = I g E(D,. /Rio)
ey h b

5%ane and Malkiel (1965); Hodzman (1963).

0p0dgman (1963, p. 119).

61y ane and Malkiel (1965, p. 124).
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U = the horizon of the banker;
gh = the rate of return on government securities in
period h;
Dih = the deposit of the i'th deposit customer in
period h; and
Rio = the quality of the bank-customer relationship in
period O.
This equation is consistent with the equations of deposit rela-
tionship profits presented in this chapter if:
(a). deposit customers are charged the same interest rate
as the rate of return on alternative assets, i.e.,
rp = r,
(b) the reserve ratio is zero, and
(¢) the deposit of the i'th deposit customer is invested
only in government securities each period.
See section 3.2 for a discussion of the role of anticipated future

profits from deposit relationships in the bank portfolio selection

model-
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CHAPTER III
AN INVENTORY MODEL OF BANK PORTFOLIO SELECTION

Analysis of the optimal level of reserves and short-term securities is
often treated as an inventory problem with demand deposits a random variable.62

In the existing formal theory of banking, the basic
assumptions are: (a) banks maximize expected profits
(or minimize expected losses), (b) banks construct
probability distributions of gains and losses from in~
vestment in assets, and (c) ... profit maximization
takes place subject to a specified distribution of
cash drains during the planning period. 63

The opportunity costs of having an excessive inventory of reserves
and short-term securities is the higher rate of return on less
liquid assets, and the cost of having an insufficient inventory is
the cost of borrowing reserves.

Competition among banks for deposits through their loan policies
is incorporated into this approach to banking theory in the
following inventory model. The demand for loans by deposit

[
customers is the one random variable in the inventory model, and
S :

¥
the demand déposit withdrawals by deposit customers is made a func-

tion of their excess demand for loans. The bank is assumed to

select the combination of assets that maximizes expected bank profits.

62Edgeworth (1888); Morrison (1966); Orr and Mellon (1961);
Porter (1967).

63yorrison (1966, p. 8).
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3.1 Assumptions about the Banking Industry

The banking industry is assumed to be competitive in the
market for demand deposits, and there are assumed to be no time
deposits, Banks are prohibited from paying interest on demand deposits,
but banks do compete for those depositors who demand loans by offering
them reduced rates on bank services and lower loan interest rates
than are offered to non-depositors. Banks are assumed to operate
without costs. Total bank funds for investment equal total deposits;
banks are established with zero capital, and all earnings are paid
to stockholders. The capital adequacy constraint cannot be applied
to banks since there is no bank capital to serve as security for
depositors.

Preferences for bank loans and services are assumed to vary
among depositors. The only bank service some depositors value is
demand deposits. Other depositors have a demand for bank services
other than loans, and depositors in another group prefer to receive
their implicit interest on deposits in the form of interest rate
reductions on loans. Banks are assumed to be indifferent as to how
they pay implicit interest on deposits. Bank services or loans
are tied to demand deposits because of the prohibition of interest
payments on demand deposits and competition among banks for deposits.
All depositors are assumed to take their implicit interest in some
form. The existence of these different groups of depositors has

important implications for Chapter IV.
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The loan terms offered deposit customers are determined
by the supply function of loans by'banks and the demand function
for loans by deposit customers. Let L be the rate of return on
loans to non~depositors, rp the prime rate, and p the reserve ratio.
1f Li is the prime rate loan offered to the i'th deposit customer
a;d Di is his deposit, the bank earns zero profits from the i'th
deposit relationship if:

(3.1) Li/Di =T (l-p)/(rn-rp)

The ratio of the prime rate loan to demand deposit banks offer
to deposit customers and deposit customers demand is designated
L in Figure 1. For given T and p a supply function is derived
from (3.1) in Figure 1 in terms of the loan to deposit ratio and the
interest rate deposit customers are charged for loans. Depositors
have demand functions for loans in terms of the loan to deposit ratio
and thé interest rate paid. The equilibrium loan to deposit ratio
and interest rate charged deposit customers for loans are determined
by the intersection of the supply and demand fdnctions; All bank
customers who demand implicit interest on their demand deposits in the
form of reduced interest rates on loans are assumed to have the same
demand function for loans in terms of the interest rate and the ratio
of loan toAdeposit. Banks are assumed to charge all depositors the
same interest rate for loans, the prime rate.
3.2 A Summary of the Model

The implications of deposit relationships for the allocatinn

of bank funds are analyzed by examining the allocation of assets

by one bank. The objective of the bank is to allocate its assets
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PERCENT
A
r e o e N e e
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e ————— - (T-p)/L
rp | rp =r - r -0)/
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L
L = rn(1-o)/rn -r)
FIGURE 1 SUPPLY AND DEMAND OF LOANS TO

DEPOSIT CUSTOMERS.
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in such a way as to maximize expected bank wealth.

All interest earning assets held by the bank are assumed to
have matured at the end of the previous period, and therefore, the
bank is free to allocate all of its assets in the most profitable
~way. The assets held by the bank are reserves, loans to non~depositors,
loans to deposit customers, and securities. Reserves held equal
required reserves; the optimal reserve ratio is not analyzed in this
model. Changes in the average demand deposit balance held by deposit
customers are assumed to depend only on whether or not their loan
demands are met, and the average balances held by other depositors
are assumed to remain unchanged. These assumptions are made to separate
the problem of the optimal fraction of bank funds to be reserved for loams
to deposit customers from the problem of the optimal level of excess
reserves and securities held to pay for the demand deposit withdrawals
that are not related to the bank's portfolio selection.

The bank can invest any share of its assets in loans to non-depositors
at the prevailing market interest rate on loans to non-depositors. The
rates of return on all assets are assumed to be known with certainty.
There is no risk of default on a loan. Loans are not sold by the
bank during the current period since the capital loss and transactions
costs of doing so would be large.

Loans to deposit customers plus securities equal the inventory
of bank funds reserved for loans to deposit customers; this inven-
tory is called the loans inventory. For a given loans inventory

the value of loans to deposit customers depends upon their demand
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for loans. The demand for loans by deposit customers is assumed
to be a random variable. If that demand is less than the inventory
for these loans, the excess funds in the loans inventory are invested
in securities during the current period. To avoid calculating
interest income for fractions of the current period, all loan demands
by deposit customers are assumed to be made at the begnning of the

period.

The problem of selecting the optimal loans inventory is dif-
ferent from the physical goods inventory problem or the excess
reserves inventory problem in that the unused portion of assets in
the inventory (the loans inventory less the demand fo;.loans by
deposit customers) earns a rate of return (the rate of return on
securities) instead of being held as idle assets.

Since excess reserves are assumed to be zero, the optimal
allocation of all the bank's funds can be studied by analyzing
either the optimal share of the bank's funds invested in loans to
non-depositors or the optimal share for the loans inventory. The
share of the bank's funds in the loans inventory that minimizes
the expected loss of holding the inventory also maximizes expected
bank profits. The bank portfolio selection problem analyzed in
this chapter is that of selecting the share of bank funds for the
loans inventory that minimizes the expected loss of holding the
loans inventory.

The returns from investing in the loans inventory depend upon
the demand for prime rate loans by deposits. The maximum prime

rate loan a bank will make to a depositor is rn(l-p)/(rn-rp)
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multiplied by his deposit; this prime rate loan makes the profits
from the deposit relationship zero according to equation (3.1).
The demand for loans by deposit customers is assumed to be a random
variable; if CD is total deposits by deposit customers at the
bank, the upper bound on the probability distribution of prime
rate loan demand is {rn(l-p)/(rn-rp)} CD.

The two choices made by the banker in this model are (a) the
share of the bank's deposits to put in the loans inventory, and
(b) the amount of money the banker will borrow from other banks
to make ;oans to deposit customers relative to the bank's
demand deposits. The maximum amount the banker will borrow is
called the borrowing limit in this chapter. ‘If the demand for loans
by depositors is less than the loans inventory, the excess is invested
in securities, and if the prime rate loan demand is greater than
the loans inventory, the banker may borrow to meet either a part or
all of the loan demand. With a high enough rate of return on loans
to non-depositors the bank may set the loans inventory and borrowing
limit in such a way as to accept some probability of refusing loan
demands that are within the limits of the maximum prime rate loans
offered.

Since the demand for loans by deposit customers is
assumed to be a random variable, there is some probability that

the bank's deposit customers will not demand the full amount of
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their indirect interest payments. The bank reacts to this source
of uncertainty in the model by reserving a part of the bank's
deposits for loans to depositors at the prime rate, borrowing addi-
tional funds if necessary, and perhaps refusing to make some of the
indirect interest payments through prime rate loans if all deposit
customers demand their maximum prime rate loans. A bank 1ose§
deposits if depositors demand their indirect interest payments'and
the bank does not pay them.

1f fhe loans inventory plus the borrowing limit are less than
the total maximum prime rate loans offered all deposit customers,
expected demand deposit withdrawals by the bank's existing deposit
customers are positive. If deposits are withdrawn, the banker
loses the interest that could have been earned from investing the
deposits. Since excess reserves are assumed to be zero, the banker
pays for the‘demand deposit withdrawals by borrowing reserves. De-~
positor loan demands and deposit withdrawals are two interdependent
sources of demand for bank funds in this model.

The two reasons for which the banker might borrow are (a) to
make loans to depositors, and (b) to pay for deposit withdrawals.
He is assumed to borrow in the same market for both purposes and is
able to borrow any amount he wants at the going rate that banks
charge each other for loans. Under currently existing institu-
tions the Federal Funds market is such a market in which bankers

borrow from one another.
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If a depositor withdraws his deposit from the bank because his
prime rate loan demand has been refused by this bank but offered by
another bank, the bank loses both the present and future profits
which would have been derived from that deposit relationship. The
 contributions of future deposit relationship profits to bank wealth
are discussed in greater detail in section 2.7. In the model
developed by Kane and Malkiel the bank can anticipate making
positive profits from long established depo;it relationships in
future periods because of imperfect knowlédge among banks about
deposit éustomers. The longer a customer and a‘bank héve estab~
lished a relationship, the better the banker-ﬁndersténds’the risks
of loans to the customer and the better it can predict the custo~
mer's desired patte;n of deposit balance and loan demand. Imperfect
knowledge‘keeps banks from bidding away the profits of deposit

64

relationships. Hodgman stressed the roles of imperfect knowledge

among banks about deposit customers and the unequal bargaining power

of deposit customers in his discussion of reasons for positive

65

deposit relationship profits. The prime rate has the role of

restricting price competition for deposits; banks compete for
deposits by offering specialized services which are difficult for

other bankers to match.66

- 0y ne and Malkiel (1965, pp. 122-23).

65Hodgman (1963, pp. 118-9, p. 103).

66Hodgman (1963, pp. 120-35),
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The bank portfolio selection model developed in this chapter
is simplified by assuming the reasons for long-run profits from
deposit relationships discussed above do not hold. If a bank
anticipates that the banking industry will remain competitive in
future periods, he assumes that competing banks will offer deposi-
tors the maximum prime rate loans that will reduce profits from
deposit relationships to zero. Therefore, the bank anticipates
that the revenue he will receive from deposit relationships will
just equal the opportunity cost of lending to the deposit customers
in future periods. Under these assumptions the loss o anticipated
future profits from deposit relationships is ignored Qs one of the
costs of losing the business of a deposit customer. The same conclusions
derived by Hodgman and Kane and Malkiel about the impact of monetary
policy on the allocation of bank credit between depositors and non-de-
positors are derived in Chapter IV without assuming imperfect com-
petition for deposits.

The opportunity costs of holding bank funds in the loans in-
ventory are the earnings that could have been received from invest-
ing these funds in loans to non—-depositors. The banker is assumed
able to invest whatever fraction of the bank's funds he desires in
loans to non-depositors at the prevailing market rate., Klein has
criticized the approach to bank portfolio selection in which a
banker forms a supply function for loans that is independent of the

demand for loans because of the profitability of deposit relationships
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for the bank.67 This objection is handled by having two loan

supply functions — loans to deposit customers and loans to
non~depositors. If the probability distribution of loan demand
by deposit customers changes, the optimal share of bank deposits
in the loans inventory might also change even if the prime rate
remains fixed., This situation could occur if the probability that
all deposit customers would demand all of their credit lines as loans
rose from 50 percent to 100 percent. The loans inventory would
probably be less than the total of all credit lines of deposit
customers in the first case and would equal the total of all credit
lines in the second case. The supply function for loans to non-
depositors is independent of the demand for locans by non-depositors,
The directions of change in the optimal loans inventory and
borrowing limit with respect to interest rates are derived from the
function for the expected loss from holding the loans inventory.
One result of special interest is that during periods of restrictive
monetary policy, the difference between the rate of returm on loans
to non-depositors and the prime rate must increase if the share of
bank deposits in the loans inventory is to remain constant. An
increase in the difference between these two rates and an increase
in the share of bank loans going to deposit customers is consistent

with expected bank profit maximization.

67 1ein (1968, pp. 29-44).
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3.3 The Expected Loss Function

3.3.1 Returns from Investing the Loans Inventory

The probability distribution of the demand for loans by deposit
customers is presented as the distribution of ratio L of total loan
demand by deposit customers to the total deposits by deposit customers
at the beginning of the current period, CD. The probability distribution
f(L) of L is assumed to be rectangular with lower bound a and upper
bound rn(l-p)/(rn-rp), the value of L in case all deposit customers
demand thelr maximum prime rate loan offered to them; therefore

1
rn(l-p)

r -r
n

(3.2) f(L) =

P
Changes 1n the interest rates T and rp change both the rates of

return on assets and the maximum loan to deposit ratio competitive
banks offer depositors. An increase in L increases the opportun-

ity cost of holding a particular loans inventory, increases the return
from investing the deposits of deposit customers, and reduces the
maximum loan to deposit ratio deposit customers can demand:

r (1-p) r (1-p)
n
(3.3) BI:——"—*]/ Brn = = -(-;PTI‘)_? <0

T _~r
n P n p

An increase in rp increases the return from investing a given loans
inventory and increases the maximum loan to deposit ratio deposit

customers can demand:

rn(l—p) rn(l-p)
(3.4) e R e L
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Let Lp be the loans inventory divided by CD, or the value of
L at which the demand for loans by deposit customers equals the
loans inventory. If the loan demand is less than the loan inven-
tory, the excess funds in the loans inventory are invested in se~
curities during the current period at the rate LR If
(3.5) 1oL,
the bank borrows up to some limit B(CD) in order to make loans to
deposit customers. The bank pays the market interest rate r, on the
fdnds borrowed to make loans to deposit customers and to pay for
deposit withdrawals. All of the deposit customers have their loan

requests met if

(3.6) (Lp+B) > L.
‘1f
3.7) rn(l-o)

> >
r L (Lp+B) R

leposit customers have their loan demands refused, and (LP+B)CD

invested in prime rate loans.

The rate of return on loans to non-depositors and the rate at
which banks borrow are assumed equal for two reasons: (a) the
number of interest rates in the model is kept to a minimum, and
(b) the interest rates on loans to nom-depositors and the rates at
which banks borrow from one another may be expected to move in

the same direction, and making these rates the same i1s a simple
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means of including this sort of reaction in the mode1.68 A bank
can be both a supplier and demander of loans between banks; some of
the bank's funds invested in loans to non-depositor at the beginning
of the period may go to the other banks.

In the following equations the expected costs and returns from
holding the loans inventory are divided by DD, the bank's total
demand deposits at the beginning of the period. The objective of

the bank is assumed to be minimization of the expected loss of

68A symbol other thanm r_ could be used for the interest rate

at which bankers borrow. Theé author wants the interdependence
between the supply and demand functions in the markets for loans

to non-depositors and the market for loans between banks to be ex-
plicitly built into the model. As an example of this interde-
pendence, the reactions in the market for loans between bankers to
a rise in the interest rate on loans to non-depositors are (1) a
shift in the banks' demand curve for loans from other banks to

the right because of the higher return on investing these funds,
and (2) a shift in the banks' supply curve of loans to other banks
to the left because of the increase in the bank's opportunity costs
of making such loans. One way to catch the interdependence between
these two market interest rates is to assume a functional relation
between them. The most simple form of the function is assumed in
the text; the two rates are assumed to be equal. The results of
the model would not be changed by assuming a more complicated
relation between the two rates.

Bankers are assumed able to borrow whatever amount of funds
they want at an existing interest rate. Bank borrowing from the
Federal Reserve Banks at the discount has been ignored since
bankers cannot anticipate borrowing any desired amount at the dis~-
count rate. The results of the model would not be changed by
assuming the banker can borrow up to some limit at the discount
rate and borrow additional funds from other bankers.
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holding the loans inventory divided by DD, The bank is assumed to
not be able to increase the level of demand deposits by his portfolio
selection 697but is able to reduce demand deposits by refusing the
loan demands of deposit customers,

For
(3.8) Lp >L2>aq,

the returns from investing the loans inventory are

(3.9) | CD/DD [(LP-L)ré + Lrp]-
For
(3.10) @) 2L > L=

the returns are
3.11 ‘CD/DD [Lr + (r -r L-L ) - L-L .
(3.11) CD/DD (Lo 4 G r )AL - (L))

Bank borrowing equals

(3.12) (L—LP)CD

69A banker may increase his bank's deposits by making loans to
the deposit customers at other banks who have their loan demands re-
fused by their bankers. The bank portfolio selection model could be
extended to include this effect by assuming that the banker forms a
probability distribution of deposit customer loan demands. refused at
other banks. The banker might hold a part of the bank's deposits
as a reserve for such loans. None of the results of the portfolio
selection model as it is now constructed would be changed if such
an extension were added.



59

with L in the range of (3.10) and the explicit borrowing costs are

(3.13) rn(L—Lp)CD

The opportunity costs of investing borrowed funds in loans to

deposit customers are the earnings that could have been received
from investing in loans to non-depositors. Therefore, the net

return from investing borrowed funds in loans to deposit customers

is
14) r - L-L )CD
(3.14) (T ) L)
For
r (1-p)
(3.15) A .1 > (L+B)
r-r — = 'Tp
n p

the returns from investing the loans inventory are
3.16 CD/DD[L r_ + B(r_-2r
(3.16) [Lr + B -2r )]

The expected return from investing the loans inventory is:

L

P
(3.17) J’ [(Lp-L)rs+Lrp]dL
Q

r (1-
L +B n< P)
T

P -
- - + L. r +B(r_-2r dL
+ ‘jr[Lprp + (rp 2rn)(L Lp)]dL n p p'p ( P )]

L +B
p Lp
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3.3.2 The Cost of Demand Deposit Withdrawals
If the maximum amount of loans the bank will make to 1its deposit
customers 1s less than the total of the credit lines of the deposit

customers, i.e., if
(3.18) rn(l-p)/(rn-rp) > (Lp+B).

expected demand deposit withdrawals by deposit customers are posi-~
tive.70 A part of expected costs of holding the loan inven-
tory is the earnings the banker would have received from investing
expected demand deposit withdrawals by deposit customers. Deposit
customers are assumed to withdraw their deposits from the bank only
if their loan demands are refused by their present bank and met
by another bank.

If
(3.19) L> (LP+B).
some deposit customers must have part or all of their loan demands

refused. The profit maximizing bank will allocate the available

70Since deposit customers withdraw their deposits from a bank
of this model only if another bank will give them better terms, the
net loss of demand deposits of deposit customers within the banking
system must be zero. The bank portfolio selection model would be
consistent with this equilibrium property of the banking gystem if
the extension to the model suggested in footnoteb69ig made. If
expected deposit withdrawals by the deposit customers at one bank
are positive, other bankers may have an incentive to reserve assets
for loans to those deposit customers who have their loan demands
refused. The expected increase in deposits at other banks may be
positive.
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funds in such a way that demand deposit withdrawals are minimized,
i.e., to those deposit customers with the lowest ratios of loan
demand to demand deposit. To simplify the problem the loan demand
to demand deposit ratios are assumed to be the same for all deposit
customers. Therefore, the bank is indifferent as to which loan
demands are refused. The fraction of loan demand refused is
(L—LP-B)/L; this is also the fraction of CD owned by deposit custo-
mers who have had theilr loan demands refused. Then the value of

deposits by deposit customers who have had their loan demands refused is:
(3.20) [L-L_-B)/L]CD

If some deposit customers withdraw their deposits, required
reserves of the bank are reduced. Therefore, the opportunity costs
to the bank of the deposit withdrawals equal the amount of revenue
the bank could have earned from investing those deposits at the market
interest rate multiplied by one minus the reserve ratio. The expected

earnings foregone on demand deposit withdrawals is:

r_(1-p)
1 rn_rp
(3.21) r_(-p) Ty €D /DD) u/~ [(L-L -B)/L]dL
——— =Q
rn—r L +B
P

When a deposit is withdrawn, the bank not only loses the earnings

that would have been received from investing the deposit but also has
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to borrow reserves in order to pay for the deposit withdrawal. The
expected cost of paying for deposit withdrawals is :n(l-p) multiplied
by the expected deposit withdrawals. As deposits are reduced, required
reserves are reduced, and the funds required to pay for deposit with-
drawals are (1-p) multiplied by the deposits withdrawn. The expected
cost of paying for demand deposit withdrawals due to an excess demand
for loans by deposit customers is the same as (3.21) since banks

orrow and invest at the same interest rate rn.
3.3.3 The Opportunity Costs of the Loans Inventory

The banker has the option of investing the bank's funds in the
loans inventory or in loans to non-~depositors. Therefore, the
opportunity cost of allocating the bank's funds to the loans inven-

tory is:

(3.22) ran(CD/DD)

3.3.4 The Expected Loss Function
Let € be the expected loss from holding the loans inventory divided
by DD.

(3.23) € = -(3,17) — the expected returns from
investing the loans inventory

+2(3.21) ~- the expected cost of paying
for demand deposit withdrawals
plus the earnings foregone on the
investment of these deposits

+(3.22) -- the opportunity cost of holding
bank funds in the loans inventory.
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3.4 The Optimal Loans Inventory and Bank Borrowing Limit

The two decisions of the banker in this quel are the sizes of

Lp, the loans inventory divided by CD, and B, the bank limit

on borrowing to make loans to depositors divided by CD.

The optimal

values for Lp and B depend upon relations among interest rates.

Two relations among interest rates are specified before carrying

out any analysis:

(3.24) r >r 3

(3.25) r >r

Inequality (3.24) holds if banks compete for deposits.

from the i'th deposit relationship are

71
(3.26) Pi = (rp—rn)Li + rnDi(l—p)
If bankers compete until Pi = 0,
(3.27) rnDi(1~p) = (rn—rp)Li

Profits

The competitive rate rP at which the banker lends to this

customer must be lower than T if (3.27) is to hold and the

71See section 2.5 for a discussion of (3.26).
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deposit of the i'th customer is positive.

The transactions costs of buying and selling securities are
assumed to be less than those costs of buying and selling loans.
If these transactions costs had been included in the model,
inequality (3.25) would have to hold as an equilibrium condition
in a model that includes risk. Inequality (3.25) is also shown to
be a necessary condition for the minimization of the expected loss
from holding the loans inventory.

The fifst order conditions for a minimization of (3.23) with
respect to Lp and B are obtained by differentiating (3.23) with
respect to Lp and B and setting the results equal to zero. Let

€1 and €p be the partial derivatives of £ with respect to Lp

p
and B, respectively.



(3.29)

1 - - (L_+B)
S (CD/DD) T (1-0) —rS(L -0) r rn_rp P
(=)= |
rn—rp
rn(l'P) N rn(l‘p)
- B(2r_)-2r_(1-p) 1n( et b 1n(Lp+B) r r T
n n n
Fp 170 (L +B)
l -—" ————— —
eg = (CD/DD) | “—m5v— | | (33, rp) r o P
Y -r
n p
r“(l_p)) In@L +8)|{ { =0
- 1n =
- 2rn(1—p) ln( rn_rp o

-0

0

S9
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Equations (3.28) and (3.29) can be combined to give:

rn(l-p) rn(l-p)
(3.30) Y -l =7T (L —a) + 2r ——-——:1:'—'- - L
nf T °T s P n| r, P P

One conclusion to be drawn from (3.30) is that Lp must be

larger than a if

(3.31) r (1-p)
_.—t-l__—. > a
T ~r
n p
Another conclusion is that
(3.32) rn > r
if
(3.33) r (1-p)
..1‘._—--— > L
r rp P

The banker selects some level of LP+B in the range

(3.34) rn(l-p)

r_-r
n p

> Lp+B
and the optimal levels of Lp and B are functions of the variables in
the model. To make the optimal Lp and B respond to changes in these
variables, the relations among the interest rates are assumed to be

such that the optimal value of Lp+B is at some interior point,

(3.35) rn(l-p)

>L4+B > «
r -r P
n

This condition is a conclusion to be drawn from the second order

conditions for minimization of (3.23).



The second order conditions for minimization of (3.23) with

respect to Lp and B require that the Hessian of that function be
positive definite; therefore, the determinant of that Hessian,

1 zrn(l"p)

G.36) @/ iy | P e T
<_IL.____ _;) P
r

-T
P

must be positive. Since rn > T by (3.25) and (3.31),

2r (1-p)
n

(3.37) 1 i3
P

> 2r -r
I

Inequality (3.37) can be rewritten sas

Zrn(l-p) > (2rn—rp)(Lp+B);

(3.38)
2r (1-p)
.__.i_...____.>L+B
2r -t P
n p
And since
(3.39 Zrn—rp > 2rn—2rp,

r (1-p) 2r (1-p) 2r (1-p)
n _ n n

r -r T 2r -2r g 2r -r
n p n P n

(3.40)

by (3.39). Therefore, by (3.38) and (3.40),
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(3.41) r (1-p)

e (Lp+B);
n

the optimal value of Lp+B is less than the upper bound on L.

Inequality (3.37) can be interpreted in terms of the costs
and returns to the bank from borrowing to make loans to deposit
customers. The bank's borrowing for loans to deposit customers

is in the range

(3.42)

At a particular volume of deposit customer loan demand L*(CD) for

. L* > L ,
(3.43) > P

the total cost of borrowing plus the opportunity cost of using the

borrowed funds to make loans to deposit customers is

(3.44) (L*—Lp) 2rnCD

One part of the total revenue to the bank from lending this amount

to deposit customers is

%
(3.45) rp(L Lp)CD
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By making loans to deposit customers, the earnings from in-
vesting their deposits are retained, and the cost of paying for
their withdrawal of deposits is saved. The dollar value of deposits re-
tained per dollar of loans to deposit customers is (1/L*), the
customer's deposit to loan demand ratio. The return to the bank
per dollar of deposits retained is

(3.46) Zrn(l—p)

The net return to the bank from borrowing (L*~L)CD for loans to

deposit customers is

(3.47) (L*—Lp) CD[rp-Zrn+2rn(l-D)/L*]

By (3.37), (3.47) is positive for

(3.48) L* = Lp+B

The total returns to the bank from borrowing reserves to make loans
to deposit customers is positive if the ratio of loans the deposit
customers demand to their deposits equals the maximum amount of loans
the bank plans to make to deposit customers.

Equations (3.28) and (3.29) make up a system of two equatiomns
in the two unknowns Lp and B and parameters rn, rp, L CD/DD, p and
a. Therefore, Lp and B can be solved for in terms of the parameters.

The solution for Lp and B are:

1. = é(rn, rp, T, CD/DD, o, @)
(3.49)

B = cb(rn: rps rS, CD/DD, P Ot)
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The parameters are numbered for expositional convenience as:

3 rs = §,; CD/DD = §

3? 4

(3.50)

The derivatives of functions (3.49) can be derived by totally dif-
ferentiating the system (3.28) and (3.29), which results in the

following system of differential equations.

6
e ,. dL_ + €p dB = -~ ¢ €
Lp Lp P ,Lp 121 i,Lp dﬁi
(3.51)
6
£ dL._ + € dB = -1 ¢ dé
LP,B B,B 1=1 i,B i

€L L EB,L
P p P
(3.52) S =
£ £
L_LP’B B,B |

Then the solution for de and dB are as follows:

6 |8 S 7
11 21
dL., =~ ¢ € + 3 dé
P 1=1 S i,Lp S i,B i’
(3.53) 6 o
dB = - L 12 £ + 22 £
i= S[ i,L IS i,B ddi,
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where lS! is the determinant of S and Sij is the cofactor of S

associated with the element common to the i'th row and j 'th column.
The matrix S is the Hessian of (3.23), and therefore, |S]| > 0 is a

necessary condition for a minimization of (3.23) with respect to

L and B.
P
3.5 The Optimal Lp and B as Functions of rn
[ 2
9L ) 1 Zrn(l—p)
(3.54) .-—-E-ar = -~ (CD/DD) '(-]-:_"-(—1—:5—)—)-—— rp--?_rr1 + 5
n U, P
T -r
n p
T rn(l—p)
L -a+ ~B—~———§— / ]s| < 0
P (rn—rp)

by (3.37) and (3.30).

The fraction of bank deposits in the loans inventory is

(3.55) LP(CD/DD),
and the fraction invested in loans to non-depositors is
3.56) l—p—Lp(CD/DD),

which is inversely related to Lp. The optimal fraction of bank
assets invested in loans to non-depositors is increased if the

interest rate on loans to non-depositors is increased, assuming



all other things remain unchanged.

The sign of the partial derivative %% can most easily be
n

determined by first determining the sign of a(Lp+B)/8rn.

(3.57) B(LP+B)/8rn = 8Lp/3rn + aB/arn

(rs—2rn)

1- (r -2r ) T
U-odmp 2y (L +B) ;2 / 1s|
n

(rn-rp)2

by (3.29), i.e., by introducing the constraint on the variables
derived from assuming that B is chosen in such a way as to mini-
mize the expected loss function. The sign of (3.57) depends upon

the relations between T and rp; (3.57) is definitely positive if
(3.58) 2rp-rn >0,

and if (3.58) 1is negative, the sign of (3.57) depends upon the

value of Lp+B. By (3.57),

72
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(3.59) 3B/3r = 3(L +B)/3r - 5L /or
n P n P n

If (3.58) holds,
(3.60) 3(L +B)/3r > 0
P n

and by (3.54)

(3.61) - —B5 0

or
n

Therefore, by (3.59), (3.60), and (3.61),

(3.62) 9B/3r_ > 0

Let EL be expected loans to deposit customers divided by DD.

) LB L_+B+a
(3.63) EL = CE/DD —(—I:;F—B_)——-—g f [ LdL] = (CD/DD) 'L"“z
o

By (3.60), expected loans to deposit customers is an increasing

function of r_. And by (3.54), (3.56), and (3.60), the sum of

expected loans to deposit customers plus loans to non-depositors

is an increasing function of r -
An increase in r has five effects on expected bank profits
in this model. As rn increases,

(1) the opportunity cost of holding a given loans inventory

increases;



(2)

(3)
(4)

(5
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the opportunity cost of a given level of expected borrow-
ing for loans to deposit customers increases;

the cost of borrowing a given amount of funds increases;
the costs associated with a given level of expected
demand deposit withdrawals increases, and

the competitive compensating balance ratio rises, which

means that with a given level of Lp+B, expected demand

deposit withdrawals is reduced and that a given increase

_in the borrowing limit decreases expected demand deposit

withdrawals more than before the increase in rn.

The effects of (1) - (3) tend to reduce the optimal size of

(LP+B), and the effects of (4) and (5) tend to increase the optimal

size of (Lp+B) as rn increases. Given the way the model is con-

structed, the optimal size of (Lp+B) is an increasing function of

the interest rate r if 2rp is greater tham or equal to T s

under that condition effects (4) and (5) dominate effects

1 - 3.
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CHAPTER IV
THE EFFECTS OF MONETARY POLICY ON THE BANK LOAN MARKET

Monetary policy is assumed to be carried out through open
market operations. Open market operations change the rate of
return on government securities. The share of demand deposits
owned by deposit customers is shown to respond to changes in
monetary policy. The model of bank portfolio selection developed
in this chapter is used to demonstrate the role of bank~customer
relationships in the response within the bank loan markets to
monetary policy changes; the response within the bank loan
markets are registered in terms of loan interest rates and the
allocation of bank loans among borrowers. The impact of a change
in monetary policy is illustrated for a monetary policy that is
becoming more restrictive., The likely reactions in the bank loan
market, under the assumptions of this model, are an increase in the
difference between L and rp and a rise in the share of loans going

to deposit customers.
4.1 The Effects of a Change in r,

The model has not been developed in such a way as to incorpo-

rate the effects of anticipated capital gains on assets. 72

72For an approach to bank asset selection that incorporates
expectations about capital gains and leosses, see Porter (1967).
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Therefore, a rise in the rate of return on government securities
affects bank decision making only by changing the yield on govern-
ment securities during the current period. A rise in rs increases
the profitability of investing a given loans inventory, all other
things unchanged since it increases the earnings of the loans
inventory if the demand for loans by deposit customers 1s less than

the loans inventory.
(4.1) aLplars = (Lp-a)/(Zrn-rs) >0

A rise in Ty increases the optimal share of bank funds in the loans

inventory.

4.2 oB/3 = - - -

(4.2) B/ T, (Lp cx)/(2rn r) <0
4.3 0 +B = =
(4.3) (Lp )/BrS BLp/arS + aB/ars 0

A change in L all other things unchanged, does not change the

ratio of the maximum loans offered to deposit customers divided by

DD, and therefore, does not affect expected loans to deposit custo-~
mers., But a rise in r, does increase the optimal level of Lp, which
means that the share of bank funds invested in loans to non-depositors
is reduced at the existing rate T Aggregating across banks, the
market supply function of loans to non-depositors shifts to the left

with a rise in rs.
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4,2 The Effects of a Change in CD/DD

By equations (3.28) and (3.29), the optimal value of Lp and B,
are not affected by changes in the ratio CD/DD, the fraction of
demand deposits owned by deposit customers. Therefore, the fraction
that the optimal loans inventory and borrowing limit are of total
bank deposits, Lp(DC/DD) and B(CD/DD), change by the same percentage as
the ratio CD/DD, all other things unchanged. According to the
following analysis, the ratio of deposits held by deposit customers
to total deposits is affected by monetary policy.

Let:

(4.4) U, = Ui (DDi)

be the total return the i'th depositor receives on his average demand
deposit balance in the form of the utility demand deposits can offer,

such as reducing transactions costs for a given volume of transactions. 73
The i'th customer also receives implicit interest on his deposits in the
form of bank services.

Let:

* %*
(4.5) U, = Uy [s(DDi)]

be the utility the i'th customer derives from bank services other
than demand deposits. The amount of services offered depends upon the

average deposit balance DD As specified above, service charges on

io

73This approach to presenting the returns from holding money
balances is similar to the approach by Johnson (1969). He assumed
a functional relations between the money supply and the rate of
return society receives from holding money in his discussion of the
returns toc society from inventing money.
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demand deposits are assumed to equal the costs to the bank of servicing
deposit accounts. Let the rate of return on government securities
(rs) be the opportunity cost of holding demand deposits, and let Ri

be the net return to the i'th depositor from holding demand deposits.

Then if the i'th depositor does not demand a loan from the bank,

i—
(4.6) R™ = U (DD;) + U [S(DD,)] - r_(DD,)

The depositor demands that level of demand deposits that maximizes
the net return from holding demand deposits.

*

30, (DD) U

1 i i8S _

4.7 3(R")/DDy aDD t 3 - o0, s~ 0

The demand for demand deposits as a function of rs is

3 * 3
Ui . S

98 BDDi

The j'th depositor has a demand for a loan of size L

(4.8) r, = BUi(DDi)/BDDi +

. For
3

given interest rates rn and rp, the maximum prime rate loan he can

demand is a function of his average demand deposit held,

(4.9) [rn(l-p)/(rn-rp)]DDj
At the demand deposit level

r =¥
)1)

L | 2P|,
j rn(l-o)

(4.10) bp%

the full amount of the loan demand Lj is made at the prime rate. At

N .

demand deposit levels above DD, the j'th customer receives implicit
?

interest on deposits in the form of bank services. His demand for loans

affects his return from holding demand deposits.
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5 rn(l-p)
(4.11) R =U.(OD.) - r (DD,) + (r_~-r )| ———— | DD,
i3 s 3 n p r -t k|
P
74 .
=U.(MD.) - (OD.) + r (1-p) (DD.) for DD, > DD.
i3 s ] n 3 3=
* * *
=U.(p.) -t (DD.) + U, ,[S(DD,- DD,)]for DD, > DD
3 ®0y) - T (D) + T [S(BDy- DD,) ] 5 2 DDy
i _ - - *
(4.12 BR°/ DDj an/ (DDj) r, +r_(1-p) for DDj > DDj
*
U 28 .
= BUj/S (DDj) - rs + —J—BS . 'a—ﬁl-)-j for DDj > DDj

The utility customers 1 and j derive from the use of demand
deposits is assumed to be the same at each level of demand deposits.
The marginal utility function is graphed in Figure 2. Up to the
deposit level DD*, the j'th deposit customer receives an additional
return from holding demand deposits at the interest rate rn(l—p).
Beyond the deposit level DD;, customer j receives implicit interest
in the form of bank services. Customer j receives diminishing
marginal utility from bank services. Although the bank offers
gervices to customer i at the cost of rn(l-p)DDi to the bank,

customer 1 receives diminishing marginal utility from the services,

ags indicated by the marginal utility function for customer i.

7I‘Note that rn(l-p) is the competitive interest rate on demsnd
deposits established in section 2.7.
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Assume the interest rate on securities is initially r: and
rises to ri. The demand for deposits by customer i declines from
DDg to DDi, and the demand for demand deposits by customer; declines
from DD; to DQ;. In this example, the deposits on which the deposit
customer j demands an interest rate reduction on a loan as implicit
interest 1is DD;, which remains unchanged when T rises. Aggregating
this analysis over all depositors, the percentage of deposits on
which deposit customers demand implicit interest in the form of

loans rises with a rise in the interest rate on government securities,

with other interest rates unchanged.

4.3 Reactions in the Bank Loan Markets

The way in which the bank alters its asset selection when the
money supply is reduced by the monetary authorities depends upon
the demand functions for bank loans by depositors and non-depositors.
With a rise in the ratio of deposits owned by deposit customers, all
other things unchanged, the bank increases the fraction of bank assets
in the loans inventory and the ratio of the borrowing limit to bank
assets. Therefore, a reduced share of bank deposits is allocated
to lcans to non-depositors at a given rate T, The market supply
curve of loans to non-depositors shifts to the left because of the
decline in bank deposits and the reduced share of these deposits
invested in loans to non-depositors at the existing interest rate LI

as shown in Figure 3,



LOANS TO NON-DEPOSITORS

FIGURE 3 A SHIFT IN THE SUPPLY FUNCTION
OF LOANS TO NON-UEPOSITORS
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If the demand curve for loans by non-depositors is not perfectly
elastic, the equilibrium interest rate r will rise. By (3.54), a
rise in rn, all other things unchanged, will decrease the optimal ratio
Lp'and keep the share of bank deposits in the loans inventory (LpCD/DD)
from rising as much as if r had remained unchanged.

The process of reaction in the bank loan market to mOnetary
policy has been traced from rise in L as a response to a rise in
CD/DD, to a change in L An increase in r_ causes the supply function
of loans to deposit customers to shift to the left, and with rp unchanged,
the maximum ratio of prime rate loan to deposit that a deposit customer
can demand falls. Unless the demand for loans by deposit customers is
perfectly elastic, the equilibrium prime rate will be bid up when T
rises, as shown in Figure 4, With a rise in T from ri to ri the
supply curve in terms of rp and L shifts to the left. If rp remains
unchanged, the equilibrium maximum loan to deposit ratio offered deposit
customers is reduced from L1 to L2‘ With the given demand curve r
rises from rl to r2 and L is L_.

P P 3

A change in rp all other things unchanged, affects the alloca-

tion of bank funds among borrowers.

oL (r )2(1-p)
(4.13) —L£ = -lo - (L +B) - —2v—"
Brp P (r_-r )

/(2rn—rs) > 0



PERCENT
A

FIGURE 4

A SHIFT IN THE SUPPLY CURVE OF
LOANS TO DEPOSIT CUSTOMERS.
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By (4.14) a rise in rp, other things unchanged, increases the

optimal share of bank deposits in the loans inventory and decreases
the optimal share in loans to non-depositors. If the demand curve
for loans by non-depositors is not perfectly elastic, the equili-
brium solutions in the bank loan markets include an increase in

the difference between rn and rp, and if the demand curve by

non-depositors is not extremely inelastic, the optimal share of
bank deposits in the loans inventory will rise and the share in

loans to non-depositors fall.

The effect of a change in rp on the optimal level of B can most

easily be determined by first determining the sign of 5(L +B)/3rp.

2
2 r (l r_(A-p)
(4.14) (Lp+B)/ rp = (CD/DD) —3 - (2r
n
r (2r_~-r ) (1-p)
n P n
. Lp+B + P / |s|
n p
If
(4.15) 2rp—rn > 0,
(4.16) 8(Lp+B)/arp < 0

since



4.17) 2r > r

by (3.25) and (3.31). If (4.15) is negative, the sign of (4.14)

depends upon the initial value of LP+B. Since

o (L_+B oL
( P ) =

4.18) - P4 2B

= _ P
(4.19) or or ar
P P P
By (4.13),
oL
(4,20) P g
arp

and if inequalities (4.16) and (4.20) hold,

>
v}

(4.21)

o8]
la]
hel

By (3.57) and (4.14) note that

(4.22) 8(Lp+B)/8rn = [—8(Lp+B)/8rp]

dH LU"'{
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The reaction within the bank loan markets to monetary policy
can be traced through several rounds of reaction within individual
markets. The next round of reaction could begin with the demand
for demand deposits as a function of the interest rate r- The
increased in rn, rp, and rn--rp have effects upon the demand for
demand deposits by deposit customers that may go in different
directions. The increases in interest rates may reduce the deposit
customer's loan demand. The maximum loan to deposit customers
relative to their deposits may either increase or decrease,

depending upon the relative increases in T and rp.

rn(l-p) r (1-0)
(3.3) o < o /3r = ~ —P-——2
n p n (rn_rp)
r_(1-p) r (1-p)
(3.4) 9 -—:_:r—— Jor_ = B
np P (rn—rp)

With equal increases in r_and r_, the ratio r_ (l-p)/r_-r
n P n n p

increases by (3.3) and (3.4). The ratio r (l—p)/rn-rp does not

change if the percentage increases in T and rp are the same,
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Suppose r increases to rp(L+X) and r increases from rn to r2. For
% ' n

no change in the maximum loan to deposit ratio.

1 2

rn(l—p) i rn(l—o)
rl~r r2—r (1+X)
n'p n p

(4.23)

ri = ri(l+X)
If the percentage increase in rn is larger than the percentage
increase in rp, the ratio rn(l-p)/rn--rp decreases; deposit customers would
be offered lower prime rate loans with the same level of demand deposits.
Conclusions can be drawn from this model of bank loan markets
about the effects of monetary policy on the allocation among banks
of loans to individuals. Since the interest rate at which banks
borrow from one another is assumed to be the same as the rate of return on
loans to non-depositors, only banks with deposit customers for whom other

banks are competing will borrow from other banks. As T and rn—rp

rise, banks with such deposit customers increase the ratio of
expected loans to these customers to total bank deposits. These
banks can make this change only by increasing expected borrowing

from other banks. Therefore, the share of expected bank loans to
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individuals by banks having deposit relationships increase during
a period of restrictive monetary policy if the share of the loss in
deposits at banks having deposit customers is not large enough to

offset this effect.
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CHAPTER V
SUMMARY AND CONCLUSIONS

The effect of changes in the environment of banks on the
allocation of bank funds among groups of assets can be analyzed
within a portfolio selection model of an individual bank. The
issue analyzed in Chapter 1V is the impact of monetary policy on the
allocation of bank loans between borrowers who are depositors at the
lending bank, the deposit customers, and borrowers who are not depositors
at the lénding bank, the non~depositors, Following a summary of this
model, the methodology and conclusions of this model are compared with

those of other banking studies,
5.1 A Review of Chapter II

The model of bank portfolio selection developed in éhapters 1T
and I1I is designed to 1nc1ude’some of the effects of bank-customer
relationships on bank portfolio selection in the theory of banking.
A bank~customer relationship exists if the terms at which a custo-
mer is able to purchase one bank output is linked to the nature of
‘other business done with the bank. A deposit relationship is a
restricted form of a bank-customer relationship in which a bank
competes for the deposit of a customer having a demand for loans

by offering him loans at interest rates below the rates charged other

borrowers,
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With a given level of bank capital bankers maintain or increase
lending capacity by retaining or increasing deposits. With direct
interest payments on demand deposits prohibited the competition
between banks for deposits takes other forms, such as rate reduc-
tions on bank services and interest rate reductions on lcans. Bank
service cost reductions as a means of competing for deposits are
not considered in the bank portfolio selection model.

Most of Chapter Il is a review of the existing literature on
the role of deposit relationships in bank asset selection. The
bank makes loans to deposit customers at rates below those rates
charged non-depositors and imposes a compensating balance require-
ment on the deposit customers; the deposit customers must hold
demand deposit balances at least as large as some fraction of their
loans or the lines or credit. The closer a customer's ratio of
demand deposit to bank loan is to the required compensating balance
ratio, the more likely the bank is to measure the customer's
required compensating balance as the minimum instead of the average
balance during the period of the deposit relationship.

The profitability of deposit relationships is examined from
the points of view of both the bank and the customer. A deposit

relationship is profitable for the bank if the earnings from

investing the deposits attracted by loan rate reductions are at
least as large as the interest income sacrificed by making loans

to deposit customers. A deposit customer who may count his
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compensating balance as his average balance receives both the bene-
fits from holding demand deposits that other depositers receive,
such as reduced transactions costs, and reduced borrowing costs on
his loans. A deposit relationship is profitable to a deposit
customer if these two sources of income from a given level of
demand deposits are greater than or equal to the opportunity cost
of holding the demand deposits.

The revenue a bank receives from a deposit relationship is the
interest income on the loan to the customer plus the interest from
investing the deposit. The opportunity cost of establishing the
deposit relationship for the bank is assumed to be the earnings the
bank would have received if the loan to the deposit customer had
been invested in loans to non-depositors. Banks are assumed to
make loans to all deposit customers at the same interest rate, the
prime rate. For a given prime rate, market interest rate charged
non—-depositors, and reserve %atio, there is a loan to deposit ratio
at which revenue from the deposit relationship equals the opportunity
cost, The bank receives profits on deposit relationships in which
the customers hold higher average deposit to loan ratios. Loan

interest rate reductions for deposit customers are analyzed as indirect

interest payments on demand deposits.

5.2 A Review of Chapter II1I
In the analysis of costs and returns to the bank from investing

in loans to deposit customers develoﬁed in Chapter 11, the loan
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demand by deposit customers is assumed known. Many of the models
in banking theory are constructed to analyze the impacts of several
sources of uncertainty on bank portfolio selection. To incorporate
the effects of deposit relationships into this format for bank
portfolio selection, the demand for loans by deposit customers is
assumed to be a random variable, and one of the assets among which
the bank distributes its funds in an inventory for loans to deposit
customers,

Bank asset classes in the portfolio selection model are loans
to non-depositors, loans to deposit customers, securities, and re-
serves; excess reserves are assumed to be zero. Loans to deposit
customers plus securities equal the inventory for loans to deposit
customers. All of the funds in the inventory are invested in loans
to deposit customers if the demand for loans by deposit customers
is greater than or equal to the inventory for these loans. On the
other hand, the excess funds in the inventory are invested in
securities if this loan demand is less than the inventory.

A bank's objective function and the nature of competition among
banks must be specifiéd in order to analyze the optimal portfolio
selection of the bank. The bank is assumed to allocate its assets
in such a way as to maximize expected bank profits, which in this
model is the same as minimizing the expected loss from holding
the inventory for loans to deposit customers. Banks are assumed to

be competitive in the markets in which they are allowed to compete.
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One such market in which bankers are assumed to compete is
the market for depositors who demand loans. All such depositors
are offered loans at the prime rate, and the competitive banks offer
depositors the volume of loans at the prime rate which make profits
from deposit relationship zero. The opportunity cost of investing
bank funds in the inventory for loams to deposit customers is the
income that could have been received from investing these funds in
loans to non-depositors. The bank's penalty for having too small
an inventory for loans to deposit customers is the withdrawal of
deposits By those deposit customers who have their loan demands
refused. Changes in the prime rate and the ihterest rate on loans
to non-deposgitors alter (a) the profitability of investing in loans
to deposit cuStomers and (b) the maximum ratio of prime rate loan
to deposit that deposit customers can demand. The optimal share
of bank funds to be invested in the inventory for loans to deposit
customers is an increasing function of the prime rate and a decreas-
ing function of the interest rate on loans to non-depositors.
The bank has the option ¢f borrowing funds from other banks

if the demand for loans by deposit customers is greater than the
inventory of bank deposits held for this purpose. If the bank

sets some limit on the amount of funds to be borrowed fof this
puréose, then maximum loans to the bank's deposit customers equal
the inventory of bank deposits held for loans to these borrowers
plus the bank borrowing limit. The optimal loans inventory plus
borrowing limit may be less than the bank's maximum loan commit-

ments to the bank's deposit customers, as is assumed in the
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development of the bank portfolio selection model in Chapter III.
Since the demand for loans by deposit customers is a random
variable, the actual level of loans to deposit customers cannot be
determined at the beginning of the period. But with a probability
distribution of loan demand by deposit customers, expected loans to
these borrowers is a function of the maximum volume of loans the
bank plans to make to them. The responses of a bank to changes
in its environment are discussed in terms of the share of bank
deposits invested in the inventory for loans to deposit customers
and in terms of the ratio of expected loans to deposit customers

divided by bank deposits.

5.3 A Review of Chapter IV

The portfolio selection model is used to trace the effects of
restrictive monetary policy on the allocation of bank funds among
borrowers. The share of total bank deposits owned by deposit custo-
mers is assumed to increase during a period of restrictive monetary
policy. In order to keep the optimal share of bank deposits in the
inventory for locans to deposit customers from increasing, the
interest rate on loans to non-depositors must inerease more than
the prime rate. The demand function for bank loans by non-depositors
is assumed to be neither perfectly elastic nor extremely inelastic
in order to illustrate the interaction of the market for loans to
deposit customers and the market for loans to non~depositors. The
difference between the interest rate on loans to non~depositors and

the prime rate increases, and also the share of bank deposits invested
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in the inventory for loans to deposit customers increases as monetary
policy becomes more restrictive. If twice the prime rate is assumed
greater than or equal to the interest rate on loans to non-depositors,
expected loans to deposit customers is an increasing function of the
interest rate on loans to non-depositors and a decreasing function

of the prime rate. If an increase in the difference between these

two interest rates is assumed to be a result of a restrictive monetary
policy, expected loans to deposit customers divided by the bank's

deposits are increased, and also the share of bank deposits invested

in loans to non-depositors is decreased during the pe;iod of a restrictive

monetary policy.
5.4 The Relation of This Study to Other Banking Literature
5.4.1 Other Bank Portfolio Selection Models

The significance of the approach and conclusions of this study
are discussed in relation to those of several other banking studies.
This theoretical study of bank portfolio selection differs from
most of the portfolio selection models referred to in Chapter I in
that:

(a) The bank forms distinct supply functions for loans

to deposit customers and loans to non-depositors,
and

(b) the source of bank funds for investment, deposits,

is linked to the use of bank funds, the allocation
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of bank loans between depositors and non-depositors.75 This method~
ology permits analysis of the impacts on bank portfolio section of

a source of uncertainty not included in the other models, the demand
for loans by deposit customers. By imposing constraints on the
bank in the form of deposit relationships, a differential treat-
ment of deposit customers and non-depositors may be analyzed as a

rational policy for an expected profit maximizing bank.
5.4.2 The Deposit Relationship Literature

The analysis of the profitability of deposit relationships in
the published sources on this topic is used to set the limits on
the competition among banks for deposits. The maximum ratio of
prime rate loan to deposits that deposit customers can demand is
the ratio at which the profits from deposit relationships are zero.
But the approach to studying bank asset selection in much of this
literature, in particular by Hodgman and his students,76 is differ-
ent from the approach taken in the bank portfolioc selection models.
The demand for loans by deposit customers is assumed known in this

deposit relationship literature, and the profitability of individual

75Morrison (1966) ; Orr and Mellon (1961); Porter (1961);
Pierce (1964), (1967); Russell (1964).

76 Gooper (1967); Hodgman (1961), (1963); Murphy (1969);
Richards (1967).
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deposit relationships is examined instead of the profitability of
investing in loans to deposit customers as a class of assets. The
effects of deposit relationships on bank asset selection are in~
corporated into a bank portfolio selection model in this paper

by assuming the demand for loans by deposit customers to be a
random variable and the inventory of bank fumds reserved for these
loans an individual asset.

Kane and Malkiel incorporate some effects of customer relation-
ships into a bank portfolio selection model.77 They assume the
bank to be a risk averter and that maximization of a quadratic
utility function is its objective. The loan requests of depositors
affect the objective function of the bank differently than loan
requests of other borrowers in that refusing the loan requests of
depositors increases the risks of the bank. Their model differs
from the model developed in Chapter III in the following ways:

1. The bank in Chapter III is assumed to be an

expected profit maximizer; Kane and Malkiel
assume the bank is a risk averter.

2. The demand for loans by deposit customers as a

random variable is incorporated into the Chap~
ter II1 model; Kane and Malkiel do not explicitly
consider depositor loan demand as a random variable.

3. An inventory for loans to deposit customers is an

individual asset in Chapter III; Kane and Malkiel
have no such asset class in their model, but they

7gane and Malkiel (1965).
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consider the impacts of loan demands by individual
deposit customers on the bank's objection function.
4, The excess demand for loans by deposit customers
is linked directly to demand deposit withdrawals
in Chapter I11. Kane and Malkiel reflect the
bank's actions on depositor loan requests in a
variable called quality of customer relationship,
and the qualities of customer relationships af-~

fect the expected return and risk of the bank's
portfolio of assets.

5.4.3 Deposit Relationships or Credit Rationing

One objective of constructing the portfolio selection model is
to examine how the ability of models with expected bank profit
maximization as the objective function are restricted in explaining
bank behavior by ignoring the influences of deposit relationships.
Any differential treatment of borrowers violates the assumptions of
a portfolio selection model in which loans are assumed to be homo-
geneous assets earning a unique rate of return. The pattern of dif-
ferential treatment of borrowers who are depositors and borrowers
who are non-depositors described in section 5.3 is consistent with
the assumption of expected bank profit maximization. This pattern
of differential treatment of borrowers may explain behavior which
has been rationalized by assuming other types of bank competition
and motivation.

The differential treatment of borrowers due to risk 1s not
analyzed in the portfolio selection model in Chapter III. The

implications of risk for the loan supply functions of a bank to
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individual borrowers and for credit rationing have been analyzed
for the expected profit maximizing bank.78 To incorporate the
effects of risk into a bank portfolio selection model, loan demand
functions and probability distributions of return from the invest-
ment of loans would have to be assumed for each potential borrower.
A portfolio selection model would be complicated even more if the
interbank competition analyzed by Jaffee and Modiglionl is assumed
to exist;79 they assumed that banks collude by putting borrowers
into a few groups and offering all borrowers within a group the
same loan terms. The portfolio selection model is simplified by
assuming that banks are competitive.

The availability doctrine literature is discussed in section
1.3.3. In the sources in this literature monetary policy is as-
sumed to be effective in restricting the availability of funds to
private borrowers because lenders are assumed to allocate funds
among private borrowers by non-price credit ratiOning.80 Statements
about the prevalence of credit rationing in the availability doc-

trine literature are not defended with data.

78Hodgman (1960); Freimer and Gordon (1965); Jaffee and
Modiglioni (1969.

7gJaffee and Modiglioni (1969).

80Wallich (1946, p. 765); Roosa (1951); Scott (1957a), 1957b);
Ellis (1951); Kareken (1957); Samuelson (1952, pp. 695-97).
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It can be shown that actions which are consistent with expected
bank profit maximization appear to be inconsistent with this objective
if the effects of deposit relationships on bank asset selection are
ignored. At each point in time the loan interest rates paid by deposit
customers are less than the loan interest rates paid by non-depositors
if banks compete for deposits. As monetary policy becomes more re-
strictive, the interest rates paid by non~depositors rise faster
than the rates paid by deposit customers, and the share of loans
going to non-depositors decreases under the assumptions about the
bank loan market made in section 5.3. If the ownership of deposits
is ignored in a study of the bank loan market, the above observations
about the bank loan market would appear to be inconsistent with expected
bank profit maximization. If the interest rate charged deposit custom-
ers is assumed to be the market loan rate, there will be an excess
demand for loans at that interest rate, and it would appear that the

loan rate has not risen enough to clear the market.

5.4.4 The Differential Effects of Tight Money

Another objective of this study is to establish a theoretical
basis for a relation between monetary policy and the differential
treatment of borrowers. Three studies of the differential effects
of tight money on large and small borrowers are discussed in section
1.3.5. These studies are entirely empirical in content; no economic

theory of banking is used to discuss the motivations of banks that
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would cause the lending terms offered large borrowers relative

to the terms offered small borrowers to respond to monetary policy.81
By making deposit customers and non-depositors the two groups of bor-
rowers, a theoretical basis for differential treatment of borrowers
in these two groups can be established for an expected profit
maximizing bank. If monetary policy is assumed to operate through
open market operations, changes in the loan terms offered these two
groups of borrowers can be related to monetary policy. Under the as~
sumptions made in sections 5.2 and 5.3, the interest rate charged
non-depositors rises faster than the prime rate, and also the share
of bank loans going to non-depositors declinés as monetary policy
becomes more restrictive.

The portfolio selection model developed in Chapter III reflects
the prohibition of direct interest payments on demand deposits. The
bank retains deposits if the loan demands of its depositors are met,
and the banker does not have the option of retaining these deposits
or attracting more deposits by direct interest payments on demand
deposits. Banks might change their means of competing for deposits
from loan policy to direct interest payments if these payments are

permitted. Such a change in the form of competition would affect the

81
(1970).

Eckert (1958); Bach and Huizenga (1961); Silber and Polakoff
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treatment of deposit customers relative to the treatment of
non-depositors. The rational bank will not sacrifice more loan
interest income in attracting a deposit than it has to pay in
interest directly to attract the same size of deposit. To the
extent that the groupings of large and small borrowers correspond
to the groupings deposit customers and non-depositors, the dif-

- ferential treatment of large and small borrowers is influenced by
the prohibition of interest payments on demand deposits.

The prohibit;on of interest payments on demand deposits has
been linked to the development of customer relationships in the
market for locans to security dealers. These loans were used by
banks during the 1920's for short-term investments of surplus funds
and were called to meet reserve deficiencies. After the prohibi-
tion of direct interest payments on demand deposits, bank estab-
lished customer relationships with these borrowers and ceased to
consider calling these loans as a source of short-term 1iquidity.82
Garvey noted a link between compensating balances and the prohibi~-
tion of interest on demand deposits. "Prior to 1933 commercial
banks paid interest on demand deposits, no compensating balances

in the current sense were held, and the practice of requiring

83
commensurate balances was less prevalent than now. And the

82
p. 31).

Board of Governors, Federal Reserve System (1959, p. 27,

83Garvey (1959, p. 32).
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prime rate as it is now known dates back to 1934, one year after
interest payments on demand deposits were prohibited.84 A
hypothesis that can be drawn from sucﬁ observations is that bank
loan policy would cease to be influenced by borrowers' demand
deposit balances if banks were permitted to pay interest on demand

deposits. Unfortunately, this hypothesis cannot be tested

empirically.

84Hodgman (1963, p. 120).
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