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JOURNAL OF FINANCIAL AND QUANTITATIVE ANALYSIS Vol. XVII, No 5, December 1982

Capital Accumulation and Deposit Pricing
in Mutual Financial Institutions

Sudhakar D. Deshmukh, Stuart |. Greenbaum,
and Anjan V. Thakor

This paper presents a multiperiod model of a deposit-type mutual financial
institution and analyzes the manager's capital accumulation and deposit pricing
decisions under uncertainty. The model is meant to describe a mutual savings
and loan association (SLA) or a credit union in which there are no stockholders
and nominal ownership is widely diffused (see [12] and [14]). The resulting
paucity of monitoring gives rise to an agency problem (see [13]) in which the
manager maximizes his multiperiod expected discounted utility with minimal in-
tervention from nominal owners.

In each period, the manager diverts a portion of the firm's profits toward
personal emoluments, i.e., to pecuniary and nonpecuniary benefits in excess of:
the contractual wage; net profits less emoluments then constitute institutional
net worth accumulation. In addition, the manager selects a rate of interest to
offer depositors. |Initially, deposit insurance is assumed to be incomplete;
hence, the supply of deposits to the institution depends on its accumulated
net worth as well as the deposit interest rate offered. Although the institu-
tion has only one asset (one-period loans) and one liability (one-period depo-
sits), profits are uncertain owing to deposit withdrawal risk and loan default
risk. The model permits a characterization of the manager's optimal intertem-
poral capital accumulation and deposit pricing decisions as functions of the
firm's uncertain financial position in each period.

Although the literature on SLAs is extensive (see, for example, [6], [10],
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(111, el, [18], [19], and [26]), previous analyses fail to examine dynamic
decisions under uncertainty. Pyle [23] stresses the need for such models, but
cites Fevang [3] who found them to be usually intractable. Goldfeld and Jaffee
[4] suggest that the stickiness of SLA deposit interest rates is a consequence
of the inherited mortgage portfolio, indicating the need for a dynamic treat-
ment, whereas Stigum [26] stresses the importance of treating uncertainty ex-
plicitly. The dynamic aspects of the present model also set it apart from ex-
tant treatments of the commercial banking firm, as, for instance, in [1], [15],
[20], and [22].

Section | establishes notation, states assumptions, and formulates the
manager's decision problem. Optimal deposit pricing, profit diversion, and
capital accumulation decisions are characterized in Section Il. Section |11
discusses implications of the model for stockholder-owned institutions, ex=
amines the case of complete deposit insurance coverage, and presents a summary

and extensions.

|. The Model

The absence of stockholders distinguishes a mutual financial institution
from the usual corporate form for which shareholder wealth maximization is the
appropriate managerial objective. Also, given governmental deposit insurance
and the conventions restricting depositor returns, depositors and borrowers
neither bear the risks nor receive the normal rewards of ownership. Conse-
quently, although depositors and borrowers have voting rights, they have little
incentive to exercise them and they often carelessly assign their proxies to
management (see [14]). In view of the negligible pressures exerted by these
nominal owners, personal utility maximization on the manager's part seems to be
the more appropriate behavioral assumption.

The focus of the analysis is, therefore, the manager's problem of maximiz-
ing his total expected discounted utility over an N-period planning horizon,
given a fixed contractual wage per period, w. However, the dissipation of con-
trol by nominal owners permits the manager also to divert in each period, n,
an additional part of the institution's resources, Cn, to personal emoluments.
Unlike Jensen and Meckling [13], these additional benefits are measured in
money equivalents, so that the manager's total earnings in period n are (w+Cn),
where Cn is a choice variable. The wage plus profit diversions provide the
manager with one-period utility denoted by U(w+Cn) and the manager's utility

function is assumed to be nondecreasing and concave so that

(1) u(o) =0, U' >0, U < O.
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In permitting the manager to earn (w+Cn), it is implicitly assumed that
labor markets are imperfect, which seems plausible in light of observed prac-
tices in the SLA industry (see, for example, [12] and [18]). Also, the speci-
fication of Cn as the manager's choice variable is consonant with the modern
view of the owner-manager relationship as an agency problem (see [24]), espe-
cially in light of the above-mentioned absence of stockholders and the restric-
tion of returns to nominal owners resulting from governmental deposit insurance
and public regulation. Although public regulators can be expected to monitor
the manager's behavior, it is often imposéible to distinguish between legiti-
mate business expenses and questionable perquisites without sustaining the
substantial costs of becoming intimately involved in the routine operations of
the firm. Moreover, regulators are often primarily concerned with preserving
the SLA's solvency and as long as the manager pursues policies consistent with
this objective (as will be shown to be the case), regulators can be expected
to tolerate limited resource diversions. Finally, empirical evidence indicates
significantly higher operating expenses among mutual than among stock SLAs (see
[28]), and these inflated expenses may be taken to reflect managerial diver-
sions of the firm's resources.

In keeping with the idea that the public regulator exercises some control,
the manager's personal emoluments in each period are assumed to be constrained
by the firm's profit in that period. Let ™ denote the uncertain (possibly
negative) profit earned during the interval (n-1,n), which becomes available
at time n (nOEO). Then it will be assumed that Cn cannot exceed ™ and if
LN 0, then Cn = 0. Thus,

(2) 0 < Cn SV 0 = Max {nn, 0}.

The constraint on Cn precludes the pathological case in which the manager ab-
sconds with the entire net worth of the firm. Otherwise, with complete capital
markets, the manager might find it optimal to liquidate the firm and invest the
proceeds in a portfolio of securities that replicates the firm's return stream.
However, the availability of such a return stream would imply redundance of the
intermediary, in which case the problem under consideration would vanish. This
issue is avoided in [13] by shifting the agency costs arising from the mana-
er's diversion of the firm's resources back to the manager via the equity mar-
ket. In the present model, the absence of stockholders precludes an equity
market discipline. Furthermore, depositors have virtually no incentive to dis-
cipline managers and, although public regulators have an incentive to do so,

the observability problem forces them to employ imperfect or noisy
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monitors.l It is, therefore, assumed that monitoring will be limited to en-
suring that resource diversions will not result in reported losses, period-by-
period.

Let Kn denote the firm's accumulated net worth at time n < N, consisting
of the initial net worth KO’ plus the firm's profiﬁs less any managerial pro-
fit diversions over n periods, so that Kn = Ko + jEI (ﬂj - Cj), i.e.,

(3) K =K + (ﬂn -Cc), n=1,2,...N.

Thus, given the net worth Kn-l at time (n-1) and the profit T earned during
(n-1, n), the manager determines Cne[O,nn\/ 0], enjoys the utility U(W+Cn),
and the firm's net worth changes according to equation (3).

Assume that the process terminates at N, or upon insolvency (i.e., when-
ever Kn < 0), whichever comes first. Upon termination of the firm, the manager
receives a terminal reward R(K), defined in utility terms, that depends upon
the firm's terminal net worth, K. |Insolvency of the firm is assumed to result
in disutility to the manager, and the marginal disutility increases in the
magnitude of insolvency. Similarly, it is assumed that with positive net
worth, terminal utility is positive and increasing with net worth, but at a

diminishing rate. Thus,
(4) R(0) = 0, R'(K) 2 0, Ri'(K) £ 0, - ® < K < w.

This assumption may be justified on grounds that the manager's reputation and
ability to find alternative employment upon termination of the firm presumably
depend upon the firm's performance. The terminal reward (penalty) provides the
manager with an incentive to protect the solvency and thereby promote the
growth of the firm. (The firm's growth will also be shown to be in the mana-
ger's interest because it enhances future profit diversion opportunities.)

Let o ¢ (0,1) denote the manager's one-period discount factor (the present
value of a unit of utility realized one period hence), and suppose the manager
maximizes the total expected discounted utility over the life of the firm.

Denoting the termination (stopping) time by

(5) T = Min {N, Min {n; K < 0}},

]The key to any interesting agency problem is the presumed inability of
the principal to observe the agent's actions without error ex post. Otherwise,
as shown by Harris and Raviv [9], ''forcing contracts'' can be employed to elimi-
nate the moral hazard problem.
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the manager's problem is to select a sequence of profit diversions
{ Cn, n=1,...T } to maximize
-1 n T
E[nil o UwtC ) + o R(K)]

subject to

and
K =K +7 -C, n=1,...T
n n-1 n n
Now, the sequence of one-period profits {nn, n=1,2,...}, and hence the
sequence of net worths {Kn, n=1, 2,...} and the terminal date T are random

variables due to uncertainties in both deposit supply and loan default losses.
Suppose that while default losses are not directly controllable,2 deposit
supply can be stochastically controlled by varying the interest rate offered
depositors, "
Treating the deposit interest rate as a decision variable warrants a word
of explanation. |In earlier analyses of SLAs, it was common to treat deposit
interest rates as rigid owing to regulatory ceilings or other institutional
idiosyncrasies (see [4]). However, among specialized intermediaries such as
SLAs where liquidity management is a secondary concern and earning assets are
largely of one kind (residential mortgages), suppressing liability management
tends to trivialize the management problem. Of course, the asset management
problem can be rediscovered by recognizing differences among mortgages and
between mortgages and the small quantities of other assets held. But the
vigor of marketing efforts directed toward attracting deposits belies the
description of these institutions as passive deposit repositories. In fact,
with the emergence of money market CDs and other innovative funding instru-
ments, and the eclipse of Regulation Q, recent studies have been according
increasing attention to liability management (see, for instance, [16] and
[26]). Thus, rD

give-aways, branch expenditures, as well as direct interest payments--directed

is viewed here as subsuming all expenditures--advertising,

toward the solicitation of deposits. For convenience, D is referred to as

the interest rate on deposits, even though it represents the cost of a wide

2In particular, it is assumed that credit is not rationed as, for in-
stance, in [25].
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array of deposit gathering activities.>

Given the manager's choice of r_ for the nth period, potential depositors

respond by supplying a deposit Ieve]DBn for the interval (n, n+l). A higher
interest rate is assumed to attract more deposits, although at a diminishing
rate. Also, with incomplete deposit insurance, a higher current net worth,
Kn, should elicit higher deposit levels due to the diminished likelihood of

the firm's insolvency (see [27]). Finally, it is assumed that Kn and r_ are

D

n
substitutes in attracting deposits, so that higher values of either diminish
the effectiveness of the other. That is, increases in Kn improve the safety

of deposits and, therefore, depositors are willing to maintain given deposit

levels at lower o The deposit level, Dn’ is taken to be a random variable
n
with a conditional distribution function F(- Kn’ rD ) and expected value
n
E(Dann, an).

Given Kn and D the deposit level is assumed to be instantaneously
n

realized at n, at which time Dn plus Kn are immediately used to purchase one-

period loans, An’ at a market determined interest rate, r Thus, after the

A

managerial decisions Cn and r_ at time n, the firm's balance sheet is

D
n

(6) A =K +D_, n=0,1,...T.
n n n

Note that there are no cash reserve or capital requirements and that the en-
tire net worth is available to purchase loans. |Including cash and liquid
assets would not be difficult, but would add little to the analysis.

The one-period loans, An’ involve uncertain default losses. Let
8 ¢ [0,1] be the probability that a given dollar of loans will default. Then
the total amount of default loss, Ln’ on loans (Kn + Dn) has the binomial
distribution with parameters (Kn + Dn’ 8), and the expected default loss is
oK + D).

The profit made during (n, n+l1) consists of the revenue on loans minus
default losses and the cost of deposits, so that

(7) T = rA(Kn+Dn-Ln) - L, -y D, n=20,1,2,...

D "n

n+l
n

is the profit realized at time n+l, which has the expected value

3Without the deposit pricing decision, the manager's profit diversion
problem closely resembles the personal consumption and investment problems
studied by [5] and [21], and others.
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(8) E(m oy | K rp ) =Ky -0Qer )T+ E@ [ K, rp) [r, - 06(l+r,) - rp 1

n n n

To ensure that equation (8) is nonnegative, a plausible precondition for engag-

ing in financial intermediation, it is assumed that

(9) 056 s5r,/ (l+rA)
and
(10) 0 < an sy -804,

so that the expected loss on a dollar of loans cannot exceed the gross interest
income obtainable, and the interest cost of deposits cannot exceed the corre-
sponsing loan interest income, net of expected default loss.

In light of the assumptions regarding E(Dn|Kn,r ), it is reasonable to

D
n
) is concave in (K , o ) and

n n n

increasing in Kn' However, marginal improvement in the expected profit due to

[k , r
n

+1 D

assume that the expected profit E(Trn
increasing net worth diminishes with the rate of interest paid on deposits,

2
3 E(ﬂn+,|Kn,an)

5K T < 0. Thus, expected profits are assumed to be ''substi-
n D
n

tutable'" in (K ,r In fact, given the nonlinearities involved, these assump-

n’ D ).
n
tions must be extended to cover the entire conditional probability distribution
of one-period profit rather than just its expected value. Thus, let
H(m | K, rD) be the probability that the one-period profit L will be less

than or equal to %, given that Kn = K and s = pr Here H is obtained by

n
compounding the deposit supply distribution, F, with the binomial distribution
of default losses. Letting H(m | K, rD) =1 - H(rm | K, rD), it will be assumed
that H satisfies the following conditions for any K3 0, 7 ¢ (-w,») and for rD

in a range of values that may depend upon K and which we denote as [0, r(K)]:

(1) H (7K, rD) is nondecreasing in (K, rD) (stochastic monotonicity);
(12) H (7 | K, rD) is concave in (K, rD) (stochastic concavity);
and 2R (7K, )
(13) ———————— < 0 (stochastic substitutability).
aKarD

The stochastic evolution of the firm's financial position and the mana-
ger's decisions can now be summarized. At any time n, the manager observes
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the previous period's net worth Kn_] and the realized profits, L and selects
Cn € [O,Fn\/ 0], deriving utility U(w+Cn). This decision results in the new

net worth Kn =K a9 * L Cn. The manager then makes a pricing decision, r

n D °?
n

which together with Kn determines the random deposit level Dn according to
F(-

K, r . The total amount A_ = K + D _is then invested in one-period
n Dn) n n n

I1»ans at the interest rate rA. The firm sustains a random default loss, Ln
(which has the binomial (An, 8) distribution), and deposits are redeemed with
interest. The resulting random profit =

K r
n’

1 is generated according to the com-

posite distribution H(- At time (n+1), the manager again observes

D ).
n

, T ) and the process continues. Note that in

n+l Dn+l

any period n, the manager's decisions (Cn, o ) are made sequentially, permit-
n

ting the decomposition of his problem into two subproblems. The decision pro-

(Kn, ﬂn+]) and selects (C

cess terminates at T (= N or when Kn < 0) and the manager receives the terminal
reward (penalty) R(KT)‘
The manager's problem is to select an optimal sequence of decisions

(Cn, b ), n=1,2,...T, given the uncertainties regarding (Dn, L), to maxi-

n
mize hi: total expected discounted utility over T periods. This problem can be
formulated in the dynamic programming framework as follows. At time n, if
Kn-l = K and T, = let Vn (K,m) denote the manager's maximum total expected
discounted utility over periods n, n+l,...T corresponding to his optimal profit

diversion and pricing decisions {(Cg, s ), m=n, n+l,...T}. When n = T, the
m

decision process terminates and Vn(k,n) = R(K+w) is the manager's (dis)utility.
If n < T, the manager selects an optimal Cﬁ e [0, LAV 0] and his immediate
utility is U(w+C§). Given the firm's new net worth, K, = K' =K+ ¢ - Cx, the

manager selects an optimal deposit interest rate rﬁ , which together with K'
n

K', rﬁ ). At
n

time (n+1), with the new state (K', '), the manager's maximum total expected

results in profit w 1= m' according to the distribution H(-

n+

discounted utility from n+l to T will be Vn+](K', ') which is discounted back

to time n by the factor a. Therefore, given K', the manager's choice of rﬁ

n
should maximize the expected future discounted utility E[Vn+I(K', n')|K',rD],

yielding vn+|(K') = E[Vn+](K', )K", rsn]. Similarly, given (K,m), the
choice of Cﬁ should maximize the sum of the current utility U(w+C) and the dis-
counted value of the maximum expected future utility, Vn+I(K + 7-C). This
analysis yields the following dynamic programming recursion satisfied by the

optimal value function Vn(K,w) for all n=0,1,2,...T-1, K> 0 and m,
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(14) Vn(K,n) = Max {U(wtC) + o Vn+I(K + 1 -C)}
¢ e [0, myo0]
where, upon writing K' = K+r-C,

(15) (K') = Max E[Vn+](K',ﬂ')|K',rD]

rp € [0, r(K")1]

v
n+l

with the insolvency (or terminal) condition
(16) VT(K,N) = R(K + 7).

Given any (K,%x) at time n, the optimal Cﬁ(K,ﬂ) is the one yielding the maximum

in equation (14) and for the resulting K'=K+ ﬂ'c:(K,ﬂ), the optimal r¥ (K,m) is
n
the one yielding the maximum in equation (15). In determining Cn, the manager

considers the current utility generated by (w+Cn) against the present value of
his expected future utility under the assumption that he will continue to make
optimal profit diversion and pricing decisions. A high current Cn implies a

lower K' which adversely affects m' and hence the entire stream of future pro-

fit diversion opportunities.

11. Optimal Capital Accumulation and Deposit Pricing

In this section, the properties of the manager's multiperiod optimal ex-
pected discounted utility function Vn(K,n) are derived in order to characterize
optimal profit diversion Cﬁ (Kn, wn) and deposit pricing r (Kn,nn) decisions

n

4

as functions of the firm's financial positions (Kn’ wn) for all n=1,2...T.
The results are stated in the form of three propositions each followed by inter-
pretation. Proofs are relegated to the Appendix.

The first result is that under the assumptions of the model, the manager's
long-term utility function reflects risk aversion and substitutability between

the net worth and profit.

hThis problem can be reformulated with an infinite time horizon by let-
ting N -+ ® wherein all the properties of the optimal choice variables remain
unchanged.
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Proposition 1
Given assumptions (1), (4), (11), (12), and (13), the optimal value func-

tion Vn(K,n) defined by equations (14) through (16) is nondecreasing, concave,
and substitutable in (K,m) for all n=1,2,...T.

Proposition 1 implies that both current net worth and profits of the firm
benefit the manager; they enhance immediate as well as future profit diversion
opportunities. Since the maximum expected discounted utility increases with
the net worth of the firm, the manager has an incentive to accumulate net
worth, i.e., to limit the diversion of profit and promote growth of the firm.
Concavity of Vo in (K,m) means that the marginal gain to the manager in terms
of the optimal multiperiod utility declines with increasing (K,m). Finally,
BZV
o7 § 0, means that from the manager's

long-run viewpoint, the firm's current net worth and the profit earned in the

substitutability of V in (K,r), i.e.,

previous period serve as substitutes for each other. Thus, Proposition 1 pro-
vides an understanding of the manager's multiperiod utility function even
though it is obtained by a complicated process of backward induction. These
properties of Vn permit a characterization of the manager's profit diversion,
capital accumulation, and deposit pricing decisions in the next two results.
Intuitively, one should expect the manager's optimal consumption decision
in any period to be influenced by the realized profit in that period as well as
the institution's existing net worth. The precise direction of this effect and
the manner in which it impinges on the intertemporal accumulation of net worth

are described in Proposition 2.

Proposition 2

~ In any period n, the manager's optimal consumption Cﬁ (K,m) is nondecreas-
ing in (K,m). Moreover, the firm's resulting net worth, [K+ 7 - Cﬁ(K,w)], is
also nondecreasing in the (K,m) prevailing at the beginning of the period.

Thus, a higher net worth or a higher profit in any period induces the
manager to divert more towards personal emoluments. However, profit diversion
increases are always less than profit increases so that the resulting net worth
of the firm is also nondecreasing in (K,m). Thus, it is optimal for the mana-
ger to accumulate capital. Although the manager diverts profits to himself, he
also seeks to protect the solvency and promote the growth of the firm. The
firm warrants protection because it promises future benefits. Capital accumula-
tion not only enhances the magnitude of potential future returns to the manager,
but it also increases the probability that future returns will continue to be

realized. Thus, even in the case of extreme ownership diffusion, profit
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diversions are self-limiting and growth in net worth is predictable. The
mutual's behavior thus accords qualitatively with that usually associated with

stockholder-controlled institutions.

Since the supply of deposits to the institution is predicated upon both
its net worth and the rate of interest it offers depositors, the manager's
optimal interest rate policy can be expected to vary with the net worth he or

she observes. This notion is formalized in the final proposition.

Proposition 3 )

In any period n, the optimal deposit interest rate rs (K') is nonincreas-
ing in the firm's current net worth Kn = K'. n

Proposition 3 indicates that a firm with a greater net worth will tend to
offer a lower interest rate to depositors. With incomplete deposit insurance,
depositors discern lower default risk with greater net worth and a smaller risk
premium is, therefore, required to attract deposits. Thus, one way in which K
increases future profits is through its ""indirect source of funds' function.
Capital serves as a substitute for deposit interest payments. This indicates
one of the sources of the so-called capital adequacy problem (see [17]). As
deposit insurance coverage becomes increasingly complete, net worth loses its
deposit-attracting potency. Hence, management's incentive to accumulate capi-
tal is diminished, increasing the incentive to divert profits to personal emo-

luments.

I1l. Interpretations and Extensions

In this section, two extensions of the above analysis are discussed. The
first subsection examines how the model could be modified to represent a stock-
holder-owned institution and how the behavior of the manager of such an insti-
tution would differ from that of the mutual manager. The second subsection
considers the completion of deposit insurance coverage along with a concomitant
regulatory capital requirement. Since these issues are not readily amenable
to treatment in the context of the formal model developed in the previous sec-
tion, most of the discussion is qualitative. The third and final subsection

concludes with suggestions for future research.

A. Stock versus Mutuals

Stockholder-owned institutions can augment their capital by selling new
equity, but mutuals cannot. Since a smaller opportunity set implies higher
risk, this distinction may be summarized in terms of a lower discount factor,
o, for the mutual. Further, since stockholders can diversify their risks

across firms, they should be neutral toward a given institution's idiosyncratic
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risk. To promote efficient risk sharing, stockholders should, therefore, in-
sure the manager against such risk (see [9]) and this again implies a lower
overall risk and a higher a for the manager of the stockholder-owned institu-
tion. From equations (14) and (15), the C* chosen by the mutual manager should
then be higher, ceteris paribus. Consequently, a stockholder-owned institution
should display a higher rate of capital accumulation through time, on an ex-
pected value basis, than an otherwise comparable mutual. Note, however, that
impounded in the ceteris paribus is the absence of dividend payments.

A second distinction between stock and mutual SLAs involves monitoring. By
virtue of their less diffused ownership, stockholder-owned institutions can be
expected to expend greater resources on monitoring, at least part of which can
be expected to be drawn directly from the firm. Although these activities are
not explicitly modeled here, it is conjectured that their impact should reduce
C* for two reasons. First, increased surveillance should directly reduce pro-
fit diversions and, second, the costs of monitoring will reduce b&th profits
and net worth. |In order for monitoring to be rational, the net effect should
be an increased growth in capital (unless dividend payments are increased).

These conclusions have considerable empirical support. Hester [10] found
that the assets of stockholder-owned associations grew faster than those of
comparable mutuals, and Verbrugge and Goldstein [28] discovered significantly
higher operating expenses among mutuals than among stock SLAs. Similarly, the
Combined Financial Statements (1980) published by the Federal Home Loan Bank
Board indicate that expenses for ''compensation and other benefits,' when ex-
pressed as a percent of gross operating income, were 26 percent higher for
mutuals in 1979 and about 22 percent higher in 1980 than those for stock SLAs.5
Additional evidence of managerial profit diversion is provided by the growing
literature on expense preferring behavior of financial institutions (see [2],
[71, [8], and [29]).

Since an institution's capital position affects its deposit pricing policy,
stock and mutual SLAs also can be expected to systematically differ in the in-
terest rates they offer depositors. With incomplete deposit insurance cover-
age, as assumed in our model, the greater capital accumulation of stock SLAs

should prompt them to offer lower deposit interest rates.

5A]l other indicated categories of expenses--office occupancy, advertising,
and all other--as well as total expenses were higher for mutual than for stock
SLAs. Total expenses as a percent of gross operating income were in excess of
20 percent higher for mutuals than for stocks in both 1979 and 1980, despite
the fact that stock SLAs grew faster than mutuals.
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B. Deposit Insurance

In Section II, it was implicitly assumed that (a) deposit insurance is in-
complete so that the deposit level depends on the firm's net worth as well as
the interest rate, and (b) there is no regulatory capital requirement. Despite
the prevailing nominally partial deposit insurance coverage, regulators often
protect uninsured depositors by subsidizing mergers of distressed or insolvent
institutions. Thus, the de facto extent of deposit insurance coverage is
actually uncertain, but more nearly complete than the indicated coverage. This
raises the question of how the results might be altered by assuming complete
insurance coverage along with a concomitant regulatory capital (net worth) re-
quirement, say, in the form of an upper bound on the deposits to capital ratio.
Since the provision of complete deposit insurance would sever the relationship
between the institution's net worth and the deposit supply function, the proba-

bility distribution F(DnIKn,r would become independent of Kn’ resulting in

b )
n

separability of the profit function equation (7) in Kn and r However, this

D
n
is only a special case of the model, involving weaker substitutability (condi-

tion (13)) between K and r_ in increasing profits. Consequently, qualitative

results would remain uncha:ged. However, due to the weakened ability of net
worth to attract depositors, the incentive to accumulate capital will diminish
and profit diversions will increase.

If a capital requirement accompanies deposit insurance in the model, it
becomes necessary to specify the penalty for violating the requirement. If
the penalty is sufficiently large so that the manager finds it optimal to al-
ways satisfy the requirement, the qualitative properties of the manager's pro-
fit diversion policy should remain unaffected. However, the manager must now
balance the benefits of current profit diversion against not only the future
safety, but also the future ability to generate deposits in light of the bind-
ing capital constraint. Consequently, the profit diversions may diminish in
order to satisfy the capital requirement. Thus, the regulatory capital re-
quirement can be expected to offset the weakening of managerial incentives to
accumulate capital resulting from the completion of deposit insurance coverage.
In addition, an upper bound on deposit levels should induce a reduction in the
deposit interest rates offered. Thus, it is anticipated that completion of
deposit insurance will tend to increase profit diversions (reduce capital accu-
mulation) while a regulatory capital requirement tends to offset this effect.
However, predicting the net effect of these two changes is precluded by the

model's level of generality and the qualitative nature of the results obtained.
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C. Summary and Extensions

This paper has described optimal capital accumulation, managerial profit
diversion, and deposit pricing in a rudimentary mutual deposit-type financial
institution. The results have been used to examine differences in the behavior
of stockholder-owned and mutual financial institutions, as well as aspects of
deposit insurance. Thus, a special form of agency problem leads managers of
mutuals to divert greater amounts of profit to personal emoluments than corre-
sponding managers of stockholder-owned SLAs, and, as a consequence, the pre-
dicted rate of capital accumulation is lower among mutuals. These findings ex-
plain the widely observed operating cost and growth disparities between mutual
and stockholder-owned SLAs.

With partial deposit insurance, the disparities in capital accumulation
imply that mutuals will offer higher deposit interest rates than otherwise
similar stockholder-owned SLAs. However, with complete deposit insurance aug-
mented by a binding capital requirement, the deposit interest rate finding
may be reversed. In light of the behavior of public regulators in dealing with
distressed institutions, it is unclear which of the two assumptions regarding
deposit insurance and capital requirements is more appropriate.

Future research may fruitfully incorporate additional institutional detail
such as a capital requirement, a conversion option for the mutual manager, and
an asset selection decision. If a conversion option is included, it may be
possible to derive optimal stopping rules for the manager, where the stopping
time corresponds to the time at which the manager decides to convert to the
stock form and thereby modify the nature of his decision process. Further,
given the results relating to the differences in capital accumulation and de-
posit pricing policies of the two organizational forms, it may be worthwhile
to analyze the design of incentive compensation contracts for management. In
practice, financial institutions often tie managerial compensation to some per-
formance measure instead of paying a fixed salary as assumed here. For in-
stance, some institutions offer bonuses to branch managers who increase their
market shares. Viewed in the framework developed here, such bonus schemes can
be interpreted as a mechanism to combat the inclination of managers to divert
organizational resources and, therefore, represent an alternative to costly
monitoring. In light of the disparate behavior of mutuals and stockholder-
owned SLAs, an examination of alternative incentive compensation schemes may
be especially useful. However, such an agency theoretic analysis can be ex-
pected to encounter formidable difficulties in the stochastic dynamic context

of this paper.
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APPENDIX
The proofs of Propositions 1, 2, and 3 require a sequence of lemmas which

are first stated and proved below.

Lemma 1:

Let U and v be nondecreasing concave functions and define, for all (K,m),

(17) V(K,m) = Max {U(wtC) + o v(K+m-C)}.
05xCsgsmyo

Then V(K,n) is nondecreasing and concave in (K,m),

Since v(K+m-C) and hence the maximand is nondecreasing in (K,m) for all C
and since the feasible range [0,m\V 0] is nondecreasing in m, it follows that
V(K,n) is nondecreasing in (K,m). To show concavity, let A e [0,1] and for any
(K],n]) and (Kz,nz) define (K,m) = A(Kl,n]) + (1-2) ( 2,n2) Denote the maX|-
mizing values of optimal C for (K],nl), (Kz,ﬂz) and (K,m) by Cl’ C2, and C ,
respectively. Then

(18)

V(Km) = UGwe) + a v(ker=c?)

N\

u(w+xc] + (1-A)C2) + a v(x(K]+n]-c]) + (1-x)(K2+n2 Cz))

A[U(w+CT) +a V(K]+ﬂ]-CT)] + (1-A)[U(w+C;) + a v(Kyrr,=Cy)]

W

= AV(K],n]) + (1-2) V(Kz,wz),

proving concavity of V. The flrst and the last equalities in equation (18)
follow by the definitions of ¢ , C], and C as the maxnm|2|ng values. The
flrst |nequal|ty holds because C € [O, ™ \/ 0] and c. 9€ [0, )Ty v 0] implies that
AC] + (1 A) C e [0, m\0], so that XC + (1 A)C is feasnble with (K,m),

while ¢ attalns the maximum in equatlon 7. Flnally, the second inequality

follows from concavity of U and v.

Lemma 2:

With U, v, and V as in Lemma 1, the optimal decision Cx(K,m) yielding
the maximum in equation (17) and K + m - C*(K,m) are both nondecreasing in
(K,m).
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Proof:

By concavity of v, [v(K2+1T2 c) - v(K,+n C)] is nondecreasnng inC,

whenever K, 3 K, and m, > m,. Denoting C? ¢’ ( ,T ) and C2 ¢ (Kz,w )>
suppose C] > C2. Then, v(K2+n2-C]) - v(K]+ﬂ -C, ) > v(K 2) (K]+n -C. )
so that

[U(w+C]) + uV(K2+1T2 )] + [U(W+C2) + uv(K]+n]-C2)]>

[U(w+C]) + 0LV(K2+TT]‘C.I)] + [U(w+C2) + uv(K2+1T2 CZ)]
which contradlcts optlmallty of C in (K], ﬂ]) and C; in (Kz,ﬂ2 . Hence, it

follows that C2 C].

To prove that K2 Z_CZ > K]+n]-

monotone, so their derivatives exist almost everywhere and for an interior

CT, note that U and v are concave and
maximum in equation (17),

(19) Ut (wtC (K,m)) = o v (Kbm=C T (K,))

Since Ch(K,ﬂ) is nondecreasing and U is concave, the left-hand side in equa-
tion (19) is decreasing in (K,m). This, together with the concavity of v,

implies that [K + ﬂ‘C;(K n)] on the right-hand side of equation (19) must be

|ncrea5|ng tn (K,m). If C = then by the constralnt in equation (17)
C2 g m, = C] t (ﬂ -m ) and K2 + ﬂz-Cz > K1 + o C] If C2 0, then C‘ =0
and K + ﬂz-Cz > K] + ™o C]
Lemma 3:
Under the assumptions of Lemma 1, V(K,m) has the substitutability property
2
R v aV aV
(i.e., Ko7 § 0) and 7 % 3K

Proof:
Suppose ¢“(K,m) is in the interior of [0,m\/0]. Then differentiating
equation (18) and using equation (19) yields

Vv

v _ . _ %
K SV (K + 7-C (K,m)).

By Lemma 2, K + n—Ch(K m) is nondecreasing in m, which together with the con-

cavity of v implies that ax is nonincreasing in m. |If ¢ (K m) = 0, then
V(K,m) = U(w)+av(K + m) and the concavnty of v implies that gx =av'(K+m
is nonincreasing in w. Similarly, if ¢ (K,ﬂ) = 1, then V(K,m) = U(w+m) +

av(K), and the first result follows.
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oV _ v .

To prove the second result, note that - T (K 7) e (0,m). |If
¢“(K,m) = m, then [U'(w + ) - av'(K)] % 0 and gi >0 = gE: so that
%% = [U' (wtm) - av'(K)] %%f+ av' (K) 2 av'(K) = %%.

Lemma 4:

Let V(K,m) be nondecreasing, substitutable, and concave in (K,T). Sup-
pose that the complementary distribution function H (-]K, rD) of m is sto-
chastically increasing, substitutable, and concave in (K,rD) in the sense of
equations (11), (12), and (13). Then

(20) W(K, r) = E[V(K,7)|K, r.]

D) D

is nondecreasing, substitutable, and concave in (K,rD).

For expositional simplicity, assume that all functions are continuously
differentiable .in their arguments. Now, integrating by parts, rewrite equa-
tion (20) as

) = T(K) - 7 Hx|Kk,ry) QLK)

=00

W(K,l’ dm

D

where V(K) is the (possibly infinite) limit of V(K,m) as ™ = «. Then the

monotonicity of W follows from

3
3

=

aH av
Pyl

dm

=

- 0 2
-_— BV - H__
L _i [k
which is nonnegative since V is increasing and substitutable in (K,m) and H

is stochastically increasing in K. Similarly,

is nonnegative since r_ is chosen from the range [0,r(K)] of values over which

D

H(- |K, D) is stochastically increasing. Next, to show subadditivity of W,
note that

b2 _ 7 e ol a%m v

BrDaK o 9T amoK arDBK am

which is nonpositive by (stochastic) monoticity and subadditivity of V and H.
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Similar routine but cumbersome computations yield concavity of W based on

monotonicity and concavity of V and H and substitutibility of V.

Proof of Proposition 1:

One proceeds by backward induction on n. Since VN(k,n) = R(K + m) and
since R is monotone and concave in its argument (by equation 4)), it is also
monotone, concave, and substitutable in (K,m), so that the result holds for

n=N. Suppose that for some (n+1) we have V_ . (K,m) nondecreasing, concave,

n+1 7
and substitutable in (K,m). By equations (11), (12), and (13), H(-

K,rD) is

nondecreasing, concave, and substitutable in (K,rD). Therefore, by Lemma 4,

W (K rp) = ELV

CREIIES

n+l

is nondecreasing, and concave (and substitutable) in (K',r.). Hence,

(K') = Max
i)

\" W (Klpr )}
+

e [o,r(kn] "1 D

is nondecreasing and concave in K' > 0. This, together with the concavity of

U, as in equation (1), implies by Lemmas 1 and 3 that, with K' = K+ 7 - C,

V_(K,m) = Max {U(w+C) + av_, (K + 7 - C)
n ¢ e [0, m\y0) ntl

is nondecreasing, concave, and substitutable in (K,m), thus completing the

induction argument.

Proof of Proposition 2:

As in the proof of Proposition 1, the functions U and V4] are nondecreas-
ing and concave and Cﬁ(K,ﬂ) is that value of C which attains the maximum in

equation (14). The result now follows from Lemma 2.

Proof of Proposition 3:

, . . .
n+](K ,rD) is substitutable in

As in the proof of Proposition 1, W
1 B ' _ ' . . . .
(K ,rD), i.e., [Wn+](K2, rD) wn+l(Kl’rD)] is nonincreasing in ry whenever

Ké > K{. Suppose that rg > rg , contrary to the required result, where

1
* = r% ! % = % !
rDz rD(KZ) and FD] rD%Kl). Then,

! * - ! %
wn+l(K2’rDz) wn+l(K l’rDz) W

n+1(Ki’r3]) - Wn+1(K1’r§])
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Do) g WL (K, ) W (KD, )
wn+1(K2l’rDZ) +wn+l(Kl’rD]) e (K] b, nt1 K205

(K

But this contradicts r* and r% vyielding the maxima of wn+ 2

D, D,
W (Ki’rD)’ respectiveTy.

1 ,rD) and

n+l
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