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ABSTRACT

This paper investigates the effects of both credit risk and interest-rate risk
on bank portfolio choices. It presents a nodel of banking that explains
portfolio risks with infornational asymretries; depositors cannot observe the
returns on bank | oans and banks cannot observe depositors’ |iquidity needs.
Bank capital must cover possible | osses due to | oan default and hi gh future
deposit costs given the maturity inbal ance of bank portfolios. Vé showhow
bank capital inadequacy nay prevent a bank frominvesting in the optinal
portfolio and how the efficiency of the bank's intermnediation technol ogy
affects its choi ce of second-best portfolio.



. I NTRCDUCTI ON

Depository institutions are unique i n the degree of asset
transformati on associ ated with their intermediatiion activities. These
institutions(hereafter referred to as banks) invest in a portfolio of clains,
many of which cannot be traded individually in direct credit narkets, and are
of ten i ssued by borrowers who would find it prohibitively costly to obtain
external finance. Banks fund these investnents | argely by issuing highly
liquidclainms that serve as substitutes for | egal tender in depositors'
portfolios. These activities allowbanks to profit while creating a prinary
market for certain borrowers and liquidity for bank depositors. The purpose of
this paper is to exanm ne how the risks associated with asset transformation
af fect bank portfolio choices.

Recent literature formalizing the allocative role of banks has
considered the inplications of their maturity transfornation, diversification,
and information production. DO amond and Dybvi g (1983), Bhattacharya and Gal e
(1987), and Bernanke and Gertler (1987) notivate the naturity transformation
servi ces associ ated wi t h demand-deposit contracts by assumng that depositors
face unobservabl e st ochastic consunption preferences. Banks nust nmanage the
liquidity risk of their deposit liabilities.

Anot her branch of the financial intermediationliterature focuses on
the nonitoring and di versification services that banks provide on the asset
side of their bal ance sheets (D anond [1984], WIIianson {1986}, Boyd and
Prescott [1985], and Bernanke and Gertler [1987]). I n these papers, banks
mni mze the real resources used to nonitor risky investnents in a world where

i nfornmati on about investnent returns is costly.! Al so, by diversifying



across rmany borrowers, banks can pronise a nore certainreturnto
depositors.2 Many of the results in this area hinge on the ability of
internediaries to diversify perfectly. Bernanke and Gertler relax this
assunption by restricting the ability of banks to diversify away default ri sk.
The resulting variability of privately observed bank portfolio returns inplies
that the quantity of bank capital wll affect bank perfornance.

Previ ous researchers have usually examned ri sk on only one side of
t he bal ance sheet, treating asset and liability managenent as separate
decisions.® However, risks on each side of the bal ance sheet are jointly
considered i n portfolio nanagenent.

Thi s essay describes a nodel of a banking sector in which
i nternedi ati on exposes banks to portfolio risks on both sides of their bal ance
sheets. W consider banks that are "special" because they initiate risky
i nvestnents that woul d not be funded in direct credit markets due to
infornmation costs (Fama [1985]). These banks transformboth the naturity and
the default risk of the indirect securities they issue relative to the assets
intheir portfolios. W then exanine the effects of credit risk and short-term
interest-rate variability on bank portfolio managenment

portfoliorisks arise because of informational asymmetries; depositors
cannot observe the returns on bank | oans and banks cannot observe depositors
liquidity needs. The deposit contract depends on banks' i nformation about
depositors as wel |l as depositors' information about banks. As a result,
deposit liabilities have a shorter maturity than bank assets and pay a return

that is not contingent on unobservabl e bank portfolio risks.



The structure of deposit contracts introduces interest-raterisk into
bank portfolios. This risk translates into uncertainty about deposit costs.
Interest-rate swings can create fluctuations in Ehe rel ative val ues of bank
assets and liabilities and i n bank earni ngs; consequently, they inpact the
capi tal accounts of banks. W abstract fromthe noral hazard probl em of
nmonitoring the risk of bank investnments to focus on the inplications of
interest-rate risk for investment activity.

Wien banks cannot diversify away privately observed risks perfectly,
bank capital must cover possible portfolio|osses due to either | oan default
or high deposit costs. The greater the degree of possible interest-rate
volatility, the nore banks nust rely on their capital accounts to buffer
correspondi ng fl uctuations in earnings.

Wien a banker's capital is insufficient to absorb possible | osses on
the profit-maxi mzing | evel of bank projects, the bank i s "capital-constrained."
This constraint requires that a second-best portfolio be chosen to ensure bank
solvency. An alternative "reserve" asset will be substituted for risky bank
projects inorder to elimnate some of the portfolio risk. Hwever, as the
expected return on an alternative asset is | ess than that of the risky
proj ect, expected profits are | ower for constrai ned banks. W formal i ze how

interest-raterisk increases the |ikelihood that a bank wi || becone

capi tal -constrai ned.

V& then consi der how bank nonitoring costs and the relative portfolio
risks affect the optinmal choi ce of a reserve asset. A bank can use its
technol ogy to fund | ong-t er mbank projects with less credit risk or to

fund short-termstorage projects costlessly. The return on the forner is



hi gher for banks with an efficient nonitoring technol ogy. However, as
long-ternm(al beit safer) bank projects do not elimnate interest-rate risk
fromthe bank portfolio, their effectiveness per project in reducing portfolio
risk is snaller. A capital-constrainedbank faces a retumand ri sk-reduction
trade-off i N choosi ng anong al ternative reserve assets. This further
illumnates the dual role of banks in transformng both the credit risk and
maturity of their specialized!|oan portfolio.

An inportant conclusion of this analysis is that the efficiency of a
bank' s speci alized intermedi ati on technology wi Il affect its choice of
second-best portfolio. For relatively efficient but capital-constrained banks,
the retumfromusing their technol ogy may be sufficient to cover | osses from
naturity i nbal ances. W descri be when | ong-termbank projects are the
preferred reserve assets because of the real return to utilizing bank
technol ogy. W al so showhow the degree of relative risk on either side of the
bank' s bal ance sheet affects the choi ce of the optimal reserve asset.

Section 1I outlines the nodel of the banking sector. Sections III and
'V describe the alternative equilibria for banks with differing degrees of

efficiency i n funding investnents. Section V is the concl usion.

II. THE BASI C MCDEL CF DEPCH TGRS AND BANKS

Thi s section presents the franework used to examine the effects of both

default risk and short-terminterest-rate risk on the banking equilibrium

Producti on Possibilities

Three production technol ogies are avail able i n the econony. Each



technol ogy requires an initial investnent of the econony's endowrent in a
project that yields consunption goods in a future period. The i nvest nent
opportunities of the econony are described by thé fol |l owing three projects:
1) Default-free long-termprojects, | *, yield a certain gross rate of

return, R, two periods after the projects are undertaken.

2) Rsky long-termprojects, 1, have an expected gross rate of return, R, in

the second period after the projects are undertaken. The returns on these

B

proj ects are randomand can be observed only by the originator of the
investnents. The gross rate of return on this technol ogy has a | ower bound of
R". The distributionof returns on risky projects is costlessly observed by
all individuals in the econony.

3) Default-risk free, short-termstorage projects, s, yield a certain gross
rate of return, r, one period |ater. The gross yield fromthis technol ogy can
be consuned or reinvested at a future short-termrate. However, the future
short-termstorage rate, effective upon reinvestnent, i s randomwhen t he
projects are undertaken. In the initial investnent period, the one-period
future storage rate has an expected gross rate of return, r,, and an upper
bound, rh, which is observed by all individualsin the econony.

Both | ong-termi nvestnents are funded through banks that possess the
technol ogy to | ocate these projects and to nonitor them when necessary.
Monitoring and locating requires a fraction of the total resources invested in
the project, §(6). This nonitoring cost differs across bankers; §(8,)
is the marginal nonitoring cost of a type e, banker. The distribution of
bankers will be ordered by the efficiency of their technol ogy, where

(2.1) (8 < 8(8,),



as 8 <@, and where @, is the fraction of all individuals wth

monitoring costs of §(8;) or less. The follow ng rel ationshi ps are assuned

to hol d:

*

R

rR" R h
(TFs (@) ~ (TFs(8)) ~ sy -

(2.2)

Al individual s inthe econony can invest in short-termstorage

proj ects.

Deposi tors and Bankers

The econony consi sts of a conti nuumof individual s measured al ong the
interval (0,1). These individuals live for three periods, indexed by (0,1,2).
In period 0 they receive an endowrent w, which they invest to naxi mze
expected utility. An exogenous fraction, «, will be called depositors. The
remaining fraction,(1-a), wll be called bankers.

As in D anmond and Dybvig (1983), depositors face privately
observed liquidity risks nodel ed as preference shocks. A fraction, t, wll
desire to consune their wealth in period one. The renmaining fraction will
desire to consune it inthe follow ng period. A depositor's ex-post
preferences are not observabl e. Depositors do not know their preference type
in period zero; thus, they desire to hold a portfolio that can be |iqui dated
conpletely in either period.

One investnent option for depositors is short-termstorage.

Al ternatively, banks issue deposits to fund bank-specific projects. Banks
offer a deposit contract, described bel ow, which can be Ii qui dated or

reinvested i n period one.



Fornal |y, a representative depositor naxi mzes his expected utility

gi ven hi s endowrent, aw:
(2.3 Max E(U(c,,c;)) =t 1n(EcY)) + (1-t) 1n{(EcY,)

(d, s% s.t.
(2.4) E(cd)) = rdd + rs¢,
(2.5) E(cd) =rdd +rr s
(2.6) aw = d + sd “
where d are deposits, sd is direct investnent in st orage assets, and cd) o
and ¢4, are first-period and second-period consunption, respectively. The
expect ed one-peri od and two-period deposit rates are r9 and rdz. The
first-order necessary conditions for d and sd inply that depositors wll
hol d bank liabilities only if they yield at | east the expected return on the
st orage t echnol ogy.

Bankers' fraction of the populationis(la). They live for three
periods and maxi mze their expected consunptionin period two. Bankers
possess the technol ogy for | ocating and nonitoring | ong-ter mi nvest ment
projects. In period zero, a given banker deci des whether or not to operate a
bank. If he operates a bank, he invests his:endowrent as bank capital and
i ssues deposit liabilities to fund bank-spec% fic projects. The efficiency of
hi s i ntermedi ati on t echnol ogy det er mi nes whet her he can operate profitably;
the expected return on bank-specific projects nust be greater than that of the
storage technol ogy. | n choosi ng anmong bank-speci fic projects, a banker

maxi m zes investment in projects with the highest expected return. From(2.1)

and (2.2), a banker of type ©, will operate a bank if

R
(27) rrl < (—l_-l—T(—S—;)—)’



where rr; = R/(1+6(8)) defines 6 as the type of the narginal
operati ng bank and the fraction of individuals who operate as bankers. A
banker with a nore efficient technol ogy has a higher expected net return from
| ocating and nonitoring | ong-termproj ects.

To ensure that sone fraction of bankers will operate (% >0, it
is assuned that the gross expected rate of return on the storage technol ogy is
bel ow that of the | ong-termrisky project. To ensure an interior solution for
t he nunber of operating banks in the econony, it is assunmed that the least-

ef ficient banker does not find it profitable to operate:

R
(2.8) m < rrl,

where §(1-a) is the nonitoring cost of the | east-efficient banker (type
6;=(1-a)) in the popul ation.

Nonoper at i ng bankers | end to operating banks. Because they are
ri sk-neutral and naxi mze expected period-two consunption, they will be
willing to hold two-period "time deposits."

Qperating bankers are located in a "market." The remai ning
bankers and short-termdepositors are distributed evenly across markets, and
cafinot costlessly nove across markets. Thus, a bank knows the quantity of
depositors it will receive and the mninumrate of return it rnust pay to
attract depositors.*

The follow ng quantities will be used in characterizing the econony.
The total nonitoring costs in the econony are

. 3

(2.9) (6) = [ s(8)ae,

0



where 0 < 8 < (1-a). Normalizing the nunber of operating bankers at
unity, the average quantities of demand deposits, tine deposits, and bank

§
capital are wi=aw, w* =(1-a-é)w, and w* = 6w, respectively.

The Portfolio Choi ce of an Qperating Bank

Inthis section, the optinization problemof an operating banker is
descri bed. The nature of the profit-maxi m zingdeposit contract nust satisfy \
the banker's maxi m zation problemand the utility nmaxi mzation probl em of
depositors. (The indexes identifying the technol ogi cal type of banker have
been omtted for notational clarity.)

I n period zero, an operating bank chooses an i nvestnent portfolio funded

by bank capital and deposit liabilities that satisfies the follow ng portfolio

bal ance constraint:
(2.10) (1461 + 1) + s = w +d + d°,
where d and d* are the quantities of demand deposits and tine deposits
i ssued by the bank. | n period zero, expected period-two bank profits are
(2.11) E(r) = Rl + R'1" + 1,5, - rd,(1-t)d - rtd®,
where s, is the share of bank assets invested in the storage technol ogy in
period one, rd, is the gross expected yiel d on demand deposits held for
two periods, and r* is the gross time-deposit rate.

Technol ogi cal and infornational assunptions affect the contracts
i ssued by banks to attract deposits. ne inportant frictionis that a
project's returnis observed only by the originating bank. A second i nportant
assunption is that a bank funds a finite nunber of risky projects and thus

cannot perfectly diversify idiosyncratic risk onits most profitable
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i nvestrents. Finally, we assume that depositors 1) can observe bank bal ance
sheets intheir locality, 2 knowthe distribution of depositors in their
locality, 3 know the distributionof future short-termrates, and 4 know the
| ower bound on bank-specific projects.

A bank nust issue denand-deposit contracts that 1) promse a
default-free rate of return, 2) prom se an expected yield that is conpetitive
with that of the storage technol ogy, and 3) can be wi thdrawn after one or two
periods. A bank can fulfill these conditions by satisfying
(2.12) rs > ritd (j=1,h),

(2.13) R"L + R'1" + s > rd,(1-t)d + rtd®,  (j=1,h),

(2.14) rd, > rr,,

(2.15) rd > r.

Equations(2.12) and(2.13) state that the return on a bank's portfolio wll
be abl e to conpensate depositors as promsed in any state of nature(where the
subscripts 1 and h refer to the states where the | ower bound and upper bound
on the future storage rate are realized, respectively). FEguations(2.14) and
(2.15) require that the expected return on deposit contracts be at |east equal

to the expected return on the short-termstorage technol ogy.

The Maxi m zation Probl emof the Margi nal (perating Banker

The constrai ned-optim zati onprobl emof the nmargi nal operating banker
determnes the profit-maximizing deposit contract. An operating banker desires
to maxi m ze the share of: his portfolio invested in |ong-term risky projects.
A derand-deposit contract, where storage is held solely to pay off early

consuners, mnimzes a bank's hol di ngs of short-termprojects(and naxi mzes
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expect ed bank profits) .5 This contract promses to pay a deposit rate equal
to the current short-termrate.® Thus, a bank pgols the liquidity risks of
deposi tors(by issuing themdenand deposits) while investing in|ong-term
asset s.

The const rai ned-opt i m zati on probl emof the narginal operating banker

al so determnes when this optinmal portfolio is feasible. Gher operating

bankers’ portfolios will be related to the nargi nal banker's portfolio via théJ

distribution of the nonitoring technol ogy. The nargi nal operating banker will
nake zero expected economc profits as his net expected return on | ong-term
ri sky investments equal s the two-period expected rate of return on short-term
i nvestnents. The nargi nal banker in the econony sol ves
(2. 16) Max  E(x(8)),

(1*,1,s),
subj ect to(2 12)-(2 15 and
(2.17) rs - rdtd = s,
where #(8) is defined by (211). Substitutingthe constraint (2.17) for

s, and using the portfolio bal ance constraint (2.10) to elimnate d fromthe

probl em the first-order necessary conditions for 1, 1", and s are

(R+ﬂ1Rm) d rh d d
(2.18) —(—ﬁ:‘—)—' >r t(r1+ﬂ1 +ﬂ) + (l-t)(r 2+ﬁ1r Zh) N

R*(1+ﬂ1) d h d d
(2.19) %) 2 (e B) + (1-t) (r+B,x%,),

(2.20) r(x,+B " +p) > rdt(r1+ﬁlrh+ﬂ) + (1-t) (rdz+ﬁlrd2h),
respectively, where g is the miltiplier for constraint (2.12) and B, is

the multiplier for the sol vency constraint (2 13). Al banks pay depositors
the opportunity cost of their funds. The profit-maxi mzing deposit costs are

1 rb=rr,, 2 ri=r, and J r"zj=rrj, where the future short-term
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rate is bounded by (r!,r"). The marginal operating bank has a nonitoring

cost of

2.21) & - 1=58),

and makes zero expected profits.’

11T, THE UNCONSTRAI NED BANKI NG ALLOCATI ONS

Thi s section describes the alternative equilibriumportfolios of an
operati ng bank and of the aggregate econony. The results presented are for
banks that can internediate funds only in their particular |ocation.?

V¢ assune that the margi nal operating bank uses its technol ogy; thus,
(229) and(2.21) determne the nunber of operating banks as a fraction of the
popul ation, 8 <(1-a) .

For all banks with nonitoring costs bel ow §(8),

(3.1) > rr, for 6 < 8.

R ___
(1+6(8))
These banks nmaxi mze profits by maximzing their investments in the | ong-term
ri sky technol ogy and hol di ng storage projects only to meet expected peri od-one
w%_éébdrawals; this describes the "optimal portfolio." A type ¢ bank has the
foll owi ng portfolio balance constraint for the optimal portfolio:

(3.2 1(8)(1+5(8)) + s = w> + wt + 4,

The | eft-hand si de of equation(3.2) shows that a'bank's investments vary
inversely with its nonitoring costs, since each bank has the same resources to
invest. Actual bank profits will'vary randomy with 1) the actual return on

risky projects and 2) the actual future interest costs on demand deposits. The
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bounds of possible default | osses and future&osit costs are defined by
(22). The worst possible profit scenario occurs when a bank real i zes t he

maxi mum def aul t | osses and the hi ghest deposit costs.

The Unconst rai ned Banki ng Al | ocat i on

The unconstrained all ocationfor a type 8 bank is feasible if

(3.3) U% > (L-t)wd(rrb

- @Y O ey S
The optimal portfolio for an unconstrai ned bank is thus
(3.4 (1+5(8))1", = 0,

(3.5 (1+6(8))1, = w> + w* + (L-t)wd,

(3.6) s, = twd,

where the subscript u denotes that a bank is unconstrai ned.

If the marginal operating bank’'s portfolio satisfies (3.3), all banks
of types 8, < 8 are al so unconstrai ned. Surming over all operating

banks, expected bank profits for the econony are

8
= £ £))m—t —_de - t .
(3.7) E(n) Of R + wt + wi(l t))(1+6(e))d9 rr, (wt + (1-t)wd),
since s=twd. We will conpare alternative constrained allocations to the

unconstrai ned al | ocati on.

V. ALTERNATI VE CAPI TAL- GCONSTRAI NED BANKI NG ALLQOCATI ONS

To invest in the optimal bank portfolio, a bank's capital
nust be sufficient to cover possible | osses on the share of risky bank assets,
funded by deposit liabilities. Wen this conditionis not satisfied, a bank

is capital-constrai ned. This occurs when

o LR . Ry RW
4.1 A= QW - ) T - ey TEeyy O
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The first termin(4.1) is the maxi numpossible portfolio | osses on savi ngs
deposits, due to both high future short-termrates and asset default. The
second termis the maxi muml osses on tine deposits due to default | osses on
i nvestnents made with these funds. The expression (4.1), to be called A, is
strictly positive when the sol vency constraint is binding. We shall describe
the alternative equilibriathat satisfy the bank sol vency constraint in terns
of the optinal portfolio and the termA

Since Ais increasing in é§(8), the distributionof nonitoring costs
will determne the margi nal unconstrained bank. Letting §(e“) solve A =0,
then 8" is the share of operating banks that attain the first-best
equi | i brium

A capi tal -constrai ned bank nmust choose an alternative i nvestnent, a
"reserve" asset to reduce the risk of the bank portfolio. It has two possible
asset -managenent opti ons:

1) invest in nore short-termstorage projects, reinvesting the yield in period
one, as a substitute for a share of risky investnents; and

2 invest in alarger share of default-free, |ong-terminvestnents as a
s_%lbstitute for risky investnents.

These choi ces shall be referred to as options 1 and 2, respectively.
Because bot h of these assets have a | ower expected return, capital-constrained
banks wi || have | ower expected profits than if they coul d invest in the
unconstrained portfolio. Thus, when ® < 8, the aggregate quantity of
| ong-termrisky investnents and aggregate expected profits will be | ess than

t he unconstrai ned | evel s.
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A second-best portfolio mnimzes the decrease i n expected profits
relative to the optimal portfolio while meeting the capital constraint. The
second-best portfolio is not identical for all banks; the optinal reserve
asset depends on the efficiency of a banker's technol ogy. Bank technol ogy
determnes the relative rate of return on using option 1 versus option 2 to
neet the capital constraint; nmore efficient banks find that option 2 has a
hi gher (per-unit) rate of return. However, option 2 reduces only default risk
inabank's portfolio; it provides a snaller per-unit degree of risk
reduction. The degree of default risk relative to interest-raterisk i n asset

nar ket s det ermi nes how nmuch of the respective reserve assets nust be held to

nmeet the capital constraint.
A bank wi Il unanbi guously use the storage asset as a reserve asset
when that return domnates the return on defaul t-free bank projects. This will

be the case for operating banks of types 8 > 6", where §(8") sol ves

4.2 _ R .
@2 TmEy T

I f & > e, capital-constrained banks of types e, < 8" may find it
optimal to use long-termprojects as a reserve asset. For a bank with
sufficiently [ ownonitoring costs, the higher rate of return on | ong-term
proj ects outwei ghs the opportunity cost of investing a | arger share of the
portfolioin the reserve asset.

The alternative allocations are derived i n the appendi x. I n the
foll owing sections, options 1 and 2 will be described and conpared to the

first-best allocation.
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Aternative Constrai ned All ocati ons

ption 1 can be expressed in terns of A as

(4.3) s, = A(rr® -

c

R® -1 _ A .

(_I?ﬂ) + twd = ot twd,
- qu A R"

(4 4) 1c1 1° - ma wher e c; = (rrh-m) .

Qption 2 can be expressed interns of A as

(4.5) 1", -2 __ - A

c2 — (R*- Rm) = E;’
(4.6) 1,=1"- é where ¢, =(R .- R"). %

Note that as c, (described as the risk reduction per unit of storage) is

greater than c,, 1., is greater than 1.

-

/7
Conparing Alternative Portfolio Strategies

In the unconstrained equilibrium expected profits are
(4.7) E(n%) = R1% - rr,((1-t)wd + wt).
Expected profits in the two alternative constrained equilibria are

(4.8)  E(w,) = R(1" - c_l(”lATﬂ) + rrl(cﬁl) - rr, ((L-0)w® + wb),

(4.9  E(ny) = RA*- By + R"(A) - rr ((1-t)wd + W),

Expected profits are higher for banks when investing in defaul t-free,

| ong-termprojects to reduce portfolio risk when

R
- T
(4'10) (R (;2 R) > (3:-:'6(9))

The expected profitability of option 2 is inverselyrelated to nonitoring
costs(and to A. Letting §(8,,) solve(4.10) with equality, we find

that the margi nal nonitoring cost bel owwhich option 2 represents the
second-best equilibriumis

(R- R")(R - rr,) - (R - R")(xr®- R™)

4.11 5(S = * . *
( ) (6c2) (R'- Rrr; + (R - R)rr®

The val ue of 6(8,,) represents a corner sol ution for banks. ?
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Al so, the nunber of banks choosing option 2 is positively related to
the degree of default risk relative to interest-rate risk. Determning the
parameter val ues such that no bank will find optién c2 to be nore profitable
than option cl invol ves solving(4.11) for 6(8.,,) = 0. Rearrangi ng the
resulting expressionillustrates that s§(e,) i s positive and

increasing in the fol |l ow ng expression:

(R'rrl)_(R—R*)>0

412 T R

Thi s expression has a useful interpretation. The terns in the numerators of
the ratios reflect the expected opportunity cost (per unit) of options 1 and
2, respectively, independent of bank nonitoring costs. The terns in the
denom nat ors neasure the degree of portfolio risk-reduction(per unit) of
options 1 and 2, respectively. Thus, the ratio neasures the nargi nal cost
relative to the narginal benefit of the alternatives for all banks. As the
cost/benefit ratio of option 1l rises relative to that of option 2,

§(8,,) increases, and banks with | ess-efficient technologies find it
profitable to shift to using bank projects as a reserve asset.

Wien defaul t | osses have a | arge weight in the risk of bank portfolios,
defaul t-free bank projects are a nore efficient substitute for risky assets
than the storage technol ogy. A mean-preserving spread on R unanbi guously
i ncreases the nargi nal nonitoring cost bel owwhich option 2 is optinal. It
shoul d be noted that the share of banks that are constrained i ncreases as
wel I. Thus, the total hol dings of these reserve assets increase.

Wien interest-ratevariability plays a larger rol e i n constrai ni ng bank
portfolio choices, the storage technology is a nore efficient reserve asset.

A nean-preserving spread of the distributionof future short-termrates



increases the fraction of banks that use option1 (6, falls); this, in
turn, increases the share of banks that are constrained as well as the

aggregate quantity of storage projects.?

V. CONCLUDI NG REMARKS

Thi s paper has focused on anal yzing the inplications of bank asset
transformation for bank portfolio choice. Qur nodel shows howa short-term
substitute for bank liabilities and i nfornati onal asymmetries force banks to
consider interest-ratevariability as well as default risk.

Afrequent result in the asymetric informationliterature is that
information costs create a nonlinearity in the optimzation probl emof
ri sk-neutral agents, which nmakes thembehave as if they are risk-averse. The
“aispersion of inperfectly observed variables affects the expected i nformation
costs associ ated with rmaki ng a transaction.

In our framework, there are sufficiently high costs for 1)
ri sk-neutral depositors to observe bank project returns and 2) risk-neutral
banks to observe depositors' preference shocks. Hence, banks "sel f-i nsure"
that they can pay off deposit liabilities under all possible portfolio
out comes. Wien a bank is capital-constrained, meeting the worst possible
out core i nvol ves choosi ng a second-best portfolio, and a risk-neutral banker
is forced to sacrifice(expected) returnfor portfolio risk-reduction.

Al t hough bot h depositors and bankers are risk-neutral, asymmetric information

forces a constrai ned bank to consider risk factors as wel |l as (expected)

return.



dventhat a bank is capital-constrained, the relative portfolio risks
affect a bank's choi ce of a reserve asset to reduce portfolio risk. The
expected rel ative return fromusi ng bank technol ogy and the rel ative portfolio
risks affect the choice of the nost efficient resérve asset. A bank will weigh
the expect ed return/risk-reduction trade-off of alternative bank i nvest ment
opportunities. In a sense, a bank has an efficient frontier of projects, and

the paraneters of the binding capital-constraint determne its portfolio
choi ces.

Capi t al -const rai ned banks behave as if they are risk-averse to avoid
the extrene costs of indifference toward risk, which is the inability to
conduct internediation and profit fromtheir technol ogy.
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FQOTNOTES

1. See Certler (1988) for an expose onthis literature.
2. These nmodel s do not nodel deposit insurance in their anal yses.

3. Bemanke and Gertler (1987) do have both risky assets and denand deposits,
but the latter are relatively inconsequential to their analysis.

4. This market structure results in a banker accruing all of the profits when
the (expected) narginal return on his portfolios is above the opportunity cost
of funds.

5. This is the case because a nmutual -fund-type "share" contract requires
banks to hol d a reserve of storage assets to neet hi gher period-one deposit
costs when future storage rates are | ow

6. Because the expected return on risky projects is greater than the expected
two-period storage rate for all but the narginal operating banker, bankers
mnimze their storage hol dings and satisfy(3.12) and(3.15) by linking
one-peri od deposit returns to narket rates.

7. The multiplier 8 = 0, even when constraint (3.9) is holding with
equality.

8. This separation of banking markets is necessary because bankers have
different nonitoring costs, which are assuned to exhibit constant returns to
scal e. Another way to avoi d havi ng a nonopol i sti c banker woul d be to pl ace an
upper bound on the quantity of projects a banker can eval uate.

9. §(8°%) is decreasi nginr, r,, rh and R, and .increasi ngin
R and R".

10. The effect on the quantity of long-term default-freeinvestnents is
uncertain.
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APPEND X ALTERNATI VE CAPI TAL- CONSTRAI NED ALLOCATI ONS

Qotion 1 can be descri bed by

(Al) 1", =0, :
(A2 (1+8)1,, + s, - twd = (1+6)1",

(A.3) (s, - twd) >0,

where s, sol ves
(A.4) (1%7(1“(“6)-(5“- twd)) + rri(s, twd) = rrb(l-t)wd + rrout.

Wsing (A.1), (A.2), (A.3), and the appropri at‘e substitutions, s_, and

cl
1., can be expressed in terns of A(in section|\) as:

_Rm_)‘l - A
(1+6) c,’

- 1. A _ —rrh - I
(4.4 1,=1 c (1+5)" where e, = rr (—1157).

Qotion 2 invol ves substituting default-free |l ong-termprojects for risky,

(4.3) sy - twd = A(xrh-

| ong-terminvestents to satisfy the sol vency constraint; thus,
(A 9 (1+5)17, = WP + (L-t)wd + wt - 1_,(1+5),

(A 9 1, < 1%,

(A7) ch = s% = twd.

The value for 1%, will solve

(A8 (%) (v T (L-t)wd T wt- 1%, (1+6)) + R'1", = rr®(1-t)w? + rrwt.
From(AD5) to (A.8), expressions for 1", and 1, in terns of Aare

. 1", = A _ A
(4.5) 2 T Ry &

A
(4.6) 1, =1" -, where c, =(R - R").
Because c, (which is the risk-reductionper unit of storage) is greater than

c,, 1, > 1,,.
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