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Abstract

The inception of financial futures markets gives financial interme-
diaries the opportunity to manage their exposure to interest rate risk,
even in the face of uncertainty about future period deposit flows and
loan takedown. This paper devises alternative strategies for hedging
the overall risk exposure of a bank. In particular, we investigate how
bank management can implement a more effective multiple crosshedg-
ing strategy to manage the interest rate risk and the quantity risk.
The optimal macrohedge position can be obtained by estimating co-
efficients from & system of equations derived from the utility maxi-
mization problem. Then, the optimal hedge ratio for each hedging
instrument is calculated from the linear combination of the coefficient
estimates.

1. Introduction

High and volatile interest rates compounded with contemporary rising

80
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inflation have not only exposed financial intermediaries to interest rate risk
but have also resulted in dramatic changes in the composition of balance
sheets of financial intermediaries. The conventional source of funds—low
cost core deposits—has been replaced with high cost and variable rate fund-
ing vehicles. In the face of the loss of low cost deposits and greater inter-
est rate Quncertainty, financial intermediaries may choose to adjust their
asset/liability strategies to ”"immunize” their balance sheets. Traditional
Gap management techniques aré commonly recommended to accomplish
this immunization. However, in addition to practical problems involved in
altering a balance sheet gap, gap management models usually do not con-
sider quantity risk resulting from uncertain deposit flows, uncertain loan
commitment takedowns, or loan prepayments. In general, the amount and
timing of these quantity risks are dependent upon the spi‘ead between the
contractual rates and prevailing market rates. Should rates rise, funds in
demand and time deposit accounts may be withdrawn from the bank to
be deposited in higher earning accounts. On the other hand, should rates
fall, the proportion of fixed rate loan commitment takedown may be lower,
while the possibility of loan prepayments may be higher. These factors
introduce a new dimension of risk faced by the bank and should not be
ignored in the bank decision- making process. Another shortcoming of the
traditional gap models is that they represent interest rate risk exposure at
a point in time and not address the evolution of risk exposure over time.
It is desirable to account for the change in the composition of the bank
balance sheet during the planning period. Consequently, a more effective
hedge strategy should be devised to incorporate the influences of quantity
risk as well as the dynamic nature of the gap position during the hedge
period.

This paper investigates alternative strategies for hedging the overall
risk exposure of a bank. First, we examine the traditional asset-liability
management approach by using only cash market instrument. Second, we
illustrate how more cost-efficient hedging strategies can be performed by
bank management using futures contracts. Finally, we develop a two-period
macrohedge model in an attempt to deal with the difficulties involved in
the previous hedging strategies. In particular, we investigate how bank
management can implement a more effective multiple crosshedging strategy
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to manage the multiple risk exposure on both sides of the bank balance
sheet.

2. Gap Management

Net interest income (NII) is the most commonly used focus for the
interest sensitive portion of bank profitability. NII can be formulated as:

NIl =r,A, +r,A, —t4D —1,B (1)

where
A, = the quantity of rate-sensitive assets,
A, = the quantity of non-rate-sensitive assets,
D = core deposits which are considered to be non-rate-sensitive,
B = the purchase or sale of funds which are rate-sensitive liabilities,
r, = the rate earned on interest sensitive assets,
r, = the rate earned on the non-interest-sensitive asset ,
1, = the rate paid out on the interest sensitive liabilities,and
14 = the core deposit interest rate set by the Bank.
Rearranging (1) we have |

NII = (A, — B)r, + B(r, — 1,) + rnAp — 14D (2)

The dollar GAP is the difference between the dollar amount or rate- sen-
sitive assets (RSA) and that of rate-sensitive liabilities (RSL), i.e., A, — B
in (2). Accordingly, the change in NII of a bank depends upon the relative
magnitudes of the impacts of changes in market rates on RSA and RSL,
or:

ANII = $GAP(Ar,) + B(Ar, — Ai,) (3)

where Ar represents the change in money market rates of interest. Basic
gap management models often ignores the sensitive spread risk (where the
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sensitive spread is defined as r, —1,), by assuming that r, — 1, is a constant
so that _
ANII = $GAP x Ar, (4)

For an increase in the interest rate with r > 0, the NII of a bank varies
directly with the sign and the size of the GAP of the bank, and vise versa. .

Accordingly, a bank may choose from two gap management strategies,
an active strategy and a passive strategy. If interest rates are expected
to rise, for example, aggressive gap managers would set a positive gap to
profit from future interest rate changes. It should be noted that the success
of an active gap management strategy depends on whether the bank can
predict the direction of interest rate changes accurately and adjust the
gap precisely. If interest rates change in the wrong direction, the greater
the gap, the greater is the bank’s risk exposure for its NII. Therefore, the
bank may pursue a passive gap management strategy and immunize its
NII against interest rate changes. It can be achieved by restructuring its
balance sheet and set the fund gap to zero.

3. The Use of Financial Futures in Bank Risk
and Profitability Management

The optimal GAP position in (4) presumes that the bank can adjust the
gap position in the cash market efficiently. Due to practical problems and
regulatory constraints, this presumption has been criticized as unrealistic
in practice. The availability of financial futures markets provides financial
intermediaries with a flexible vehicle to manage their interest rate risk.
By taking an appropriate position in the financial futures market financial
intermediaries may immunize against the interest rate risk.

Although the potential benefits of the use of futures contracts have been
confirmed in the hedging literature, banks have been using the futures mar-
kets almost exclusively to microhedge. Futures contracts are usually uti-
lized by banks to hedge a particular operation, either to protect the value
of a fixed income security, to lock in borrowing costs, or to lock in a return
on pending investments (Booth et. al. 1984). However, it has been pointed
out by Kolb, Timme and Gay (1984) and Jacobs (1982), among others,
that a discretionary microhedging strategy employed by the financial in-
termediary may eventually increase overall risk by reducing the *natural
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hedge”. If banks are to use the futures market for a macrohedge, the fu-
tures position needed for various activities within the bank can be netted
out and the transaction costs can be lowered. Therefore, thé most effective
way a financial intermediary can use the futures market is to implement a
macrohedging strategy to hedge the total risk exposure of the bank.

Assume the bank has access to futures contracts to manaée the interest
rate risk of its NII. Then, the NII of the hedged portfolio becomes :

NII'=GAPr, + B(r, ~i,) + taAn — 14D + y(r,z — 1,1) ()

where y denotes the dollar amount of interest rate futures contract to sell
(y > 0) or buy (y < 0) in the futures market, and r,, denotes the implicit
futures interest rate at time £.! The change in bank NII becomes

ANII = GAPAr, + BA(r, —i,) + yAr, (6)

Again, assuming a constant sensitive spread (Ar, — At,), and a constant
basis (Ar, = Ar,) a "perfect hedge” futures position (which insulates NII
from interest rate risk) can be derived as

y* = —-GAP ' (7)

That is, the bank should fully hedge its positive (negative) GAP position
by going long (short) futures contracts. Note that the perfect hedge result
can be obtained only under several restrictive assumptions. One unrealistic
assumption is that interest rate changes for assets and liabilities are of the
same magnitude for all maturities. Therefore, it is only the interest rate
level risk that matters. If we relax this assumption and allow a stochastic
sensitive spread risk, the strategy in (7) will not ensure a perfect hedged
result. Dew (1981) presents a strategy to deal with a non constant sensitive
spread risk.

~ The use of futures contracts can also be incorporated into a portfolio
selection model. Portfolio approaches to hedging generally date back to
Johnson (1960) and Stein (1961). However, almost all of the portfolio
models focus only on hedging a single cash instrument. None of the portfolio
models explicitly considers the impact of the gap position of the bank on the

1(1 — ry1) X 100 denotes the interest rate futures index price at time ¢.
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optimal hedging decision. If the goal of bank management is to maximize
the expected utility of NII by selecting the optimal gap position and futures
position, then under the mean-variance framework we have the following
objective function: »

max EU(NII) — E(NII) — 1/2[Tvar(NII)] (8)

where NII was defined in (7), and y deriotes the futures position. Solving the
first order conditions of the maximization prc blem (8) the optimal futures
market position arid optimal cash market gap position are obtained as:

_ 1 E(;ﬂ - rvl) sz(;‘)
yr = r(1— pz)[ Var(,)  Cob(f.,7,) )

2 [ﬂ&./r, ﬂ&./r.ﬂr./r,]

and

= 1 ‘ E(?,) _sz(Fuz_ryl)
GAPs . I‘(l—pz)[Var(?,) Cov(F,,7y) ] (10)

B ,
- 1— pz [ﬂ5n/"o - ﬂ&./r,ﬂry/r,]

where p = the correlation coefficient between r, and r, B;/, = the regression
coefficient from regressing z against y, and 6, denotes the sensitive spread,
Fy —1s

 Although the optimal gap position is mathematically attainable, in
practice it is questionable whether the bank has sufficient control over its
gap position to make frequent adjustments. If this is the case, then trad-
ing in the futures market would provide the bank with a flexible means to
manage its interest rate risk at minimum expense. In this case the optimal
futures market position is determined by

E(fy2 — 1)

— GAPB,.;,. — BBs,)» 1
IVar(7,) GAPBr./r, = BBs./ry (11)

y* =

The first term in (11) represents the pure speculation position and the last
two terms represent the pure hedge position. If the futures interest rate



86 , | fititih

is expected to rise, the bank should take a short futures position from a
purely speculative point of view and vise versa. The pure hedge position
is also interpreted as the risk- minimization hedging strategy. In general,
cash market interest rates move in the same direction as futures market
interest rates, thus ,,/,, > 0. Since a negative GAP position leaves the
bank vulnerable to interest rate increases, from the second term in (11) we
know that the bank should go short in the futures market. The opposite
holds for the hedge of a positive gap position. Furthermore, if the bank is
concerned with the sensitive spread risk, the third term in (11) captures
the impact of this additional risk on the optimal hedging decision. If the
randomness of the sensitive spread varies directly with the futures market
rate, the existence of the sensitive spread risk would increase (decrease)
the size of overall long (short) futures position. Since the optimal futures
position consists of three terms, the bank should take either a long or a
short futures position depending upon the relative effects of these three
determinants.

4. Hedging Interest Rate Risk and Quantity Risk

This section develops a two-period macrohedge model that integrates
the theory of hedging and theory of the banking firm to examine optimal
hedging strategies as well as optimal cash market positions for a financial
intermediary facing uncertain core deposit flows. The loan commitment
takedown risk will be introduced in the following section. Koppenhaver
(1985), Morgan and Smith (1986), and Morgan, Shome, and Smith (1988)
also develop models incorporating uncertainty about deposit supply, loan
takedown, or both.

Following the conventional portfolio selection approach, we assume that
the utility function of bank management is characterized by constant ab-
solute risk aversion and that random variables are jointly normally dis-
tributed. These simplifications allow us to analyze the sophisticated macro-
hedging strategy in the mean-variance framework. The objective of bank
management is to maximize the expected utility of NII at the end of the
second period by selecting the optimal macrohedge position and/or its cash
market position. In order to capture the impact of the evolution of a bank’s
gap position on the optimal decision, we assume that the bank supplies loan
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commitments at an unknown rate r,,. The loans, assumed to be fully taken,
have one period to maturity and no default risk.

At the beginning of the first period, the bank must determine its supply
of loan commitments and the futures market position to hedge the uncertain
loan return as well as the uncertain funding cost. It is assumed that the
bank can borrow up to an exogenously determined amount in the form
of deposits at a constant rate, 1;. Additional funds can be obtained from
an established short term market at a constant but unknown borrowing
rate, 1,5. At the begining of period two, the available volume of deposits
is revealed and the bank finances its loan demand partly with low- cost
deposits and partly with high cost purchased money. All RSAs and RSLs
are to mature or to be repriced at the end of period one.

At the beginning of period one, the decision-making problem is to max-
imize the expected utility of NII at the end of period two (NII,) subject
to the refinancing constraint, i.e.,

1512x¢ = EU(NIL) (12)

st. Bg = Az - (Dz e Dl) + Bl
_(ralAa + rnAn - id-Dl - z‘.srlBl)

where A; denotes the supply of loan commitments to be taken down in
period two. The net interest income at the end of second period, which is
the "target account”, can be expressed as : '

NII; = rndn + foAs + Fiads — iaDy — 1By + yRy(Fpy — ryy)  (13)
where
R; = one plus the risk-free rate prevailing in the second period.

The balance sheet of the bank in the beginning of the hedge period is
characterized as :
A, + A, =D 1+ By

Since the model concerns the quantity risk associated with the uncertain
supply of core deposits in the second period, the randomness of the deposit

flow is expressed as :
Dg - Dl + £
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By rearranging (13) and substituting the refinancing constraint into
NII,, \

NI, = (F2—10)(Az+ A) + (32 — i) AD (14)
+1:,2[GAP(T,1 —Tn+ 1) + Bl(ral - isl) + Dl(rn - zd)]
+rnAn - id-Dl + ng(T‘:vz - ryl)

Assuming the bank determines its loan supply and the futures hedging po-
sition simultaneously, then solving the first order conditions for (14) yields
the optimal futures position

L (E(fa—rn) _ P*E(b) | (15)
F(1=-p?)" Var(f2)  Cou(f,,$,)

1
~ 1= g2 (Bacsr, = BacsiBouy,) + K (Bisjey = Bivjs.Bsusr, )]

Rayx =

and the optimal loan commitment supply

1 E()  pE(Fatr)
I'(1-0%'vVar(é,) Cov(#,,6,)

1 _lpz [A,(]. - p2) + (IBAc/G. - IB,Ac/r,ﬂr,/G,)

+K('B"/5v - ﬂ"-/"yﬂ"v/s-)]

Agx = ] (16)

where

Ac = addition cost (or premium) due to random deposit flows
= (1,1 — 14)AD,

K = GAP(rs1 — o +1) + Bi(rs — 141) + Di(rs — 14),and

p ="the correlation coefficient between 6, and Ty

On the other hand, if the cash market position of the bank is predeter-
mined or if the bank wants to separate its normal business operations from
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. the hedging program, the optimal futures market position is :-

_ E(Fy2 — ry1) ' Cov(ga,;yz)
B2 e~ #) Tai,) an
_ Cov|(is2 — i) AD, 7]
Va,f'(;yz)

. <, Cov(i, 7

—[GAP(ra —ra + 1) + Bi(re — 1s1) + Di(rs — 7'd)] V(fr(;yz;z)

E(;Vz - rvl)
I'Var(Fy2)

In (17) a more effective and cost efficient macrohedging strategy, as
compared to microhedges, is suggested which simultaneously considers the
interest rate risks incurred on both sides of the bank balance sheet. The
optimal futures position recommended in (17) can be decomposed into two
components: the pure speculation component and the pure hedge compo-
nent. The first term in (17) is the speculation term of an optimal hedging
strategy. This term reflects the effects of the expected return in the futures
market on the bank’s optimal hedging decision. Since

dy* _ 1 y _L
BE(F,,z - 1'”1) I‘Va,r(i"yz) Rz

with an expected decline in the futures price (i.e., an increase in the futures
interest rate), the bank should increase its overall short hedge position or
reduce its overall long hedge position. In addition to the speculation compo-
nent, the remaining three terms in (17) refer to the pure hedge components
of the optimal hedging strategy. The second term in (17) captures the
impact of the interest rate spread risk on the optimal futures position. If
the rate sensitive spread is positively correlated with the futures interest
rate movement, the bank should take a long position in the financial fu-
tures market to hedge the interest spread earned on its rate sensitive assets.
Since '

- (A2 + As)ﬂ&./v, - ﬂAc/r, - K,Bi./r,

>0

Oyx _ Cov(Fs — ;',2, Fy2) o 1
a(4; + A,) Var(ys) R,
1
= —ﬂ&/r, X =

R,
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the greater the quantity of rate sensitive assets the more likely the optimal
futures position will be a long position, providing that cov(F,, —:,2, fy2) > 0.
The third term in (17) illustrates the influence of uncertain funding costs,
which in turn depends upon the quantity risk involved in the deposit supply
and interest rate risk involved in the unknown borrowing rate in period two.
If deposit supply is independent of interest rate uncertainty, then the third
term in (17) can be rewritten as

CO‘U(;,z - id, fyz) 1
Var(i‘w) R2

It is likely that borrowing rates will move in the same direction as futures
interest rates so that cov(s,; — i, fy2) > 0. If it is the case, the bank should
take a short position in the financial futures market in order to hedge an
expected withdrawal of deposits, i.e., E(AD) < 0. The loss of low cost
deposits increases the necessity for the bank to raise funds at higher money
market rates, so by going short in the financial futures market part of the
increase in the funding costs can be offset by the gain in the futures market.

The last term in (17) considers the influences of the gap position of
the bank balance sheet and the interest level risk on the optimal futures
position. From the discussion in the previous section, we know that a
negative gap leaves the bank vulnerable to interest rate increases. If the
interest rates in the cash market and in the futures market fluctuate in
the same direction, the sign of the third term will depend upon the sign of
GAP (assuming that the bank is able to earn a positive spread). In other
words, the bank should increase its overall short futures position or reduce
its overall long futures position when GAP < 0. On the other hand, if the
GAP position of the bank is positive, the bank should reduce its overall
short futures position or increase its overall long futures position.

In sum, since the risks exposed to the bank arise from a variety of
sources, the optimal hedging strategy should incorporate all of these factors.
The direction and the size of the net futures position depends upon the
relative magnitude of sometimes conflicting impacts. Generally speaking,
an expected increase in the futures interest rate, a decrease in the second
period rate sensitive assets, an expected deposit withdrawal, or a negative
gap in the current bank balance sheet will result in a higher overall short
futures position or a lower overall long futures position and vise versa.

—E(AD) x
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The size of the optimal futures position under this macrohedging strategy
is in general smaller than the sum of the absolute value of discretionary
microhedge positions. Therefore, the bank should be better off in the sense
that more effective hedging results can be obtained with lower transaction
costs.

5. Multiple Cross Hedging and Takedow‘n Risk

In the preceding section we develop the optimal hedging strategy for a
bank facing interest rate risk as well as deposit withdrawal risk. In practice,
banks not only operate in the spot lending market but also in the forward
lending market. While a formal loan commitment entitles the bank to
supply funds up to a maximum amount, the expected size of the loan to
be taken down is usually uncertain. Thus, by making a variable-rate loan
commitment the bank is actually exposing itself to both interest rate risk
and quantity risk. Under our setup, the model can be modified to take the
uncertain loan-takedown risk into consideration. Let

L; = 0A,

where § denotes the unknown proportion of loan commitment to be taken
down. In order to hedge against both loan return risk (due to an uncertain
loan demand and uncertain loan rate) and the funding cost risk (due to an
uncertain deposit supply and a stochastic borrowing rate), the bank should
utilize the hedging instrument in a macrohedge manner. The optimal fu-
tures position from (14) becomes: '

E(;vz - fvl) _ COU[(;,z - ;,2)6, rvg]
IT'Var(fy2) 2 Var(fy2)
Cov(Fu —is2,7y2)  Cov|(is — ia) AD, Fya
' Var(fy2) Var(fy2)

Rzy* (18)

Cov (;,2 N ;yg)

—[GAP(rey — rn + 1) + Bi(rs1 — 1s1) + Di(rn — t4)] Var(Fyr)

Although the qualitative conclusions of last section may not change sub-
stantially with this modification, the existence of uncertain loan-takedown



02 » | R ik

does exacerbate the risk exposure of the bank. Hence, in making its macro-
hedge decision, the bank should pay attention to this additional quantity
risk and adjust its futures hedging position accordingly.?

The presence of multiple sources of risk makes direct hedging with sin-
gle futures contracts an inadequate way to protect the bank from all risk
exposures. Bank management may implement a more effective multiple
crosshedging strategy to manage its overall risk. Instead of using only one
interest rate futures contract, the bank may also trade other types of fu-
tures contracts, say stock index futures contracts, to hedge its overall risk.
If the uncertain loan-takedowns are highly correlated with the stock market
index, the bank will be better off by implementing a multiple crosshedging
strategy using both interest rate futures and stock index futures. Con-
sequently, the optimal positions to be taken in the interest rate futures
market, y*, and in the stock index futures market z#, can be determined
by solving the following problem: ‘

max®,, = EU(NII) (19)
. st. Bz = Ag - (D2 - Dl) + B]_ - (r,lA, + r,,A,. - ‘ile - i,lBl)

where

NIIz = ann + T,z(A, + Az) - idDz - 2.,2B2
+yR2(i‘,,2 — rvl) —_ $R2(F2 — Fl)

Simultaneously solving the first derivatives of ® with respect to y and z, the
optimal position to be taken in the interest rate futures market is obtained .
as:

1 E(fy2 — ry1) leFl ~ E(F3)]

B = 0= T arar,) T Covlar,,aF) (20)

2If the loan commitment A, is provided at fixed markup above market rates, then the
optimal futures position (18) will be revised with only minor changes. That is, the second
term in (18) will be substituted with

Agk % X Cov(ﬂlryg)
Var(fy2)

where k denotes the fixed markup of the loan commitment.
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1
T1-—p?
+A,(Bs,/ar, _‘ﬂ6./AFﬂAF/Ar,) '
+(Bac/ar, — BacjarBarar,)
+K(Bi,/ar, — Bi,;arBarar,))

[A2(Bs,0/ar, — Bs,0/aFBarar,)

and the optimal position to be taken in the stock futures market is

1 {Fl —E(Fz) sz(;yz -—rvl) } (21)
T(1—p?) " Var(Ar,) Cov(Ar,,AF)

1
o
+A,(Bs,/aF — Bs,jar,Bar, /aF)
+(Bac/aF — Bac/ar,Bar,/aF)
+K(Bi,/aF — Bi,/ar,Bar,/aF))]

Rzz* =

[A2(Bs.0/aF ~ Bs,jar,Bar,jaF)

where p = the correlation coefficient between Ar, and AF. It is useful to
note that the pure hedge positions of the multiple macrohedging strategy
can be estimated from the following multiple regressions:

(Fa —12)0 = af + alAr, + o3AF + ¢,  (22q)

s (;,2 - 1:‘2) = a: -+ agAr, + agAF + é}, | (22b)

(ta —43)AD = of + ajAr, + ofAF + €, (22¢)
‘ e = of +ofAr, +alAF + €, (224)

Then, the pure hedge positions in the interest rate futures market, hy*,
and in the stock index futures market, h,*, can be determined by the
linear combinations of the regression estimates

1

hyx = —(Azaf + A.a; + af + Kdg)i (23)
2

1 .
hex = (Aza§+ A,0f + af + Kaf) (24)

R,

As an example of this estimation technique, a simplified asset and li-
ability structure for a hypothetical bank is used. The bank’s assets are
limited to two types of loans, A, and A,; the liabilities are limited to core
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deposits and purchased funds. Assume that the cost of deposits (q) is
fixed at 5.25 percent. The rate at which the bank is assumed to purchase
funds (4,) is the monthly secondary market rate for one month CDs. The
monthly average prime rate for business loans represents a proxy for r,.
The sources of quantity risk, § and D, are calculated from survey and Re-
port of Condition data compiled by the Federal Reserve Board for selected
large commercial banks. Specifically, the ratio of outstanding loans made
under commitments to the total of unused and used commitments serves
as a proxy for the loan commitment takedown rate 4. D is taken to be the
average change in demand and savings deposits for reporting banks. To
hedge its overall risk exposure, the hypothetical bank decides to trade in
the T-bill futures and the stock index futures market simultaneously. As-
suming a one month planning horizon, data on the T-bill futures contract
and the S&P 500 index futures contract (with less than three months to
maturity) are gathered on the last day of each month.

Table 1 contains the simplified bank balance sheet and the initial con-
dition faced by the hypothetical bank. Table 2 presents estimates of the
coefficients in (22a) through (22d) using monthly data from September
1982 to March 1985. Utilizing the information in these two tables, the
pure hedge positions in the T-bill futures market and the S&P 500 futures
market can be calculated from (23) and (24) as:

h,x = —[1,500(.1150) + 4,000(.3401) + 57.3200
+(—2093.75)(.7913)] x 107 x (1/1.08)
= —$159,166,667

hy+ = [1,500(.0099) + 4,000(.0278) + 3.4650
+(—2093.75)(.7513)] x 10° x 500 x (1/1.08)
.= $58,991,296

These results imply that the hypothetical bank should take a net long
position in T-bill futures market and a net short position in S&P 500 index
futures market in order to hedge its overall risk exposure.®* Furthermore,

3 Adjustments were made to consider the contract sizes of futures contracts and the
discount factor Ry (assume to be 1.08).
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the speculation components in (20) and (21) can be determined as long as
the two subjective factors (the risk aversion index I' and interest rate ex-
pectations) are specified. The magnitude of the complete optimal multiple
macrohedge positions of a bank would depend upon current conditions, the
interest rate expectations and the risk tolerance of the bank.

. 6. Summary and Conclusions

With the existence of futures markets financial intermediaries have the
opportunity to manage their exposure to interest rate risk,even in the face
of uncertainty about future period deposit flows and loan takedown. - Us-
ing a portfolio selection framework, models were developed and optimal
futures market and cash market positions were derived. The models focus
on the maximization of expected utility of net interest income and, in some
versions, use the GAP between rate sensitive assets and liabilities as a de-
cision variable, an approach that is widely taken in practice. In the case of
multiple sources of risk, from both deposit and loan takedown uncertainty,
a multiple cross hedging strategy is derived, using both interest rate and
stock index futures contracts positions.

The optimal positions derived contain terms that reflect pure specu-
lative and pure hedge components. The values and signs of the hedging
terms depend on the interrelationship among cash and futures market rates
of interest, future deposit flows and takedown rates, and the degree of risk
aversion of the financial intermediary.

APPENDIX
First Order Conditions for Equations (8) and (12)

The objective function in equation (8) is:
Iyax EU(NII) = E(NII) — 1/2[Tvar(NII)] (8)
The first order conditions of this maximization problem are derived as :

E(fy2 — ry1) — Tlyvar(,) + GAP(7,,7,) + Bcov(7, — ;',, fy)] =0 (8a)
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and
E(7,) — T[ycov(#,,7,) + GAPvar(F,) + Beov(f, — s, 7s)] =0 (8b)

Simultaneously solving (8a) and (8b), the optimal futures market position
and optimal cash market gap position are obtained as in equations (9) and
(10) in the text.

The first order conditions for the maximization problem using equation )
(12), assuming that the bank determines its loan supply and the futures
hedging position simultaneously, are:

2% . -
- E(fy2 — ry1) — T{y1 R;V ar(}2) (124)
+(Az + A,)Cov[(Fs2 — z,z) Fya] + Cov[(t,z — 13)AD, Fy3)
+|GAP(ry — 1 +1) + By(rs1 — 2s1) + Di(rn — zd)]Cov(z,g, Fys)}
= 0
and
aQ ~ ~ -~ ~
_— = E(T,g — 132) —_ I‘{(Az + A,)Var(r,z — 1,2) (12b)
JdA,

+y1chOU[(‘F’2 ,2) Tvzl + CO‘U[(T,z - ld)AD (T,z ;:,2)]

+{GAP(ryy — o+ 1) + By(ras — 1a1) + Dy(rn — Zd)]CO‘U[Z,g, (Faz — ;,2)]}
= 0

Solving (12a) and (12b) yields the optimal futures and loan commitment
supply positions shown as equations (17) and (18) in text.
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‘TABLE 1 -
A.Balance Sheet
* (millions of dollar)

Assets o : Liabilities

A, $4,000 | Demand and Savings Deposits -~ $3,500
A, 6,000 | Certificates of Deposit 6,500
$10,000 $10,000

B.Initial Conditions

Interest Yield Other Variables
(percent) (million)
Fal covrem 12 Ag v, $ 1,500
T vereeen. 13 GAP ... -2,500
B4 oo 5.25 oo -2,093.75
Tl covcenens 10
TABLE 2

Estimation of Eq. (22a) Through Eq. (22d)

Equation oy . o
(10%) (109)

(2_2a) 1150 .0099
(22b) 3401 .0278

(22c)  57.3200 3.4650
(22d) 7513 .0010
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