CORNELL
AGRICULTURAL ECONOMICS
STAFF PAPER

OPTIMAL FUNDING STRATEGIES FOR
FINANCIAL COOPERATIVES}-/

by

; 2
Loren Tauer and Michael Boehl,je-/

November 1979 No. 79-36

TR = .

Department of Agricultural Economics
Cornell University Agricultural Experiment Station
New York State College of Agriculture and Life Sciences

A Statutory College of the State University
Cornell University, lthaca, New York, 14853




It is the policy of Cornell University actively to support equality
of educational and employment opportunity. No person sholl be
denied admission to any educational program or activity or be
denied employment on the basis of any legally prohibited dis-
crimination invelving, but not limited to, such factors as race,
color, creed, religion, naticnal or ethnic origin, sex, age or
handicap. The University is committed to the maintenance of
affirmative action programs which will assure the continuation
of such equality of opportunity.



OPTIMAL FUNDING STRATEGIES FOR

FINANCIAL COOPERATIVESL/

by

2/

Ioren Tauer and Michael Boehlje-~

November 1979 No. T2=36

;/ Paper presented at the Second International Conference on Rural Finance
Research Issues, Calgary, Alberta, August 29-September 1, 1979.

g/ Assistant Professor, Department of Agricultural Economies, Cornell
University and Professor, Department of Economics, Iowae State University.



OPTIMAL FUNDING STRATEGIES FOR
FINANCIAL COOPERATIVES

The cooperative Farm Credit System has been established tc accomplish
the objective of improving the income and well-being of U.S. farmers and
ranchers by furnishing sound, adequate and constructive credit: As a
member of the System, a district Federal Intermediate Credit Bank (FICB)
serves as the intermediary between national sources of money and local
Production Credit Assoctations (PCAs) and other qualified financial
institutions within that district. The FICB obtains most of its funds
by routinely issuing bonds and notes on the national money market.

The FICBs through local PCAs have become significant suppliers of
nonreal estate credit to farmers, increasing their market share from 16
percent of total nonreal estate farm debt in 1968 to 24 percent in 1978.
The wvolume during ﬁhe same period increased from $3.5 billion to $13.5
billion. This increase in volume has made cost control crucial to the
System. An increase in interest costs of ten basis points (one tenth
of a percentage point) on $13 billion amounts to $13 million additional
costs a year.

The large volume and increased cost have been accompanied by
fluctuations in interest rates and funding needs. During 1978, the
interest rate on FICB consolidated nine-month bonds, a primary source

of funds, flutuated between 7.13 and 10.00 percent. During the same
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year the total consolidated bonds outstanding for the Omaha FICB, for
example, ranged from $1,193 million to $1,299 million, a difference of
$106 million. Interest on bonds tYpically.accounts for 88-90 percent of
the interest rate'charged-to the farmer-borrower, and because of the
cooperatiﬁe'nature 0of the Farm Credit Banks and their use of variable

rate interest programs increases or reductions in rates will quickly be
reflected iﬁ their costs of borrowing.  Because of the fluctuation in
interest rates and funding needs, and the large volume of debt outstanding,
a procedure that can determine optimal funding strategies in an uncertain
environment and reduce the average cost of funds would be a useful

management aid.

Debt Management Decisions

To provide adéquate credit at a reasonable cost, a FICE must
make two primary debt management decisions. They are:
1. The amount of debt which should be issued at a specific point
in fime to meet the anticipated needs of the PCAs and to
refinance maturing debt instruments before another oppbrtunity
to jissue debt arises.
2. The term structure of the debt issued.
The decision to participate in any given debt issue will be influenced
by past debt issuance and the possible participation in future debt issues.
The first decision is difficult because of the uncertainty in the needs
of the PCAs in future periods between debt issuances. Issuing debt in any
amount below evolving actual needs of the PCAs would require short-term
borrowing, normally at a cost above System-wide debt cost. In contrast,
debt in an amount greater than actual needs requires excess funds to be

invested, normally at. a rate below the cost of the funds.



-3

The second decision is difficult because of the uncertainty in future
interest rates. The debt term structure gelected not only depends upon the
present known yield curve, but also yield curves that may develop in
the future which affect future financing and refinancing decisions.

The objective of this study is to develop a liability management
model that can aid in the debt management decisions of a FICB. The
analysis will be structured to determine the optimal borrowing activities
that would minimize the expected cost of credit at various levels of cost
variance. More specifically, given the expected value of cost and variance-
covariance of cost of various debt instruments thatb can be issued, and
the stochastic demand for funds by the PCAs in the future, the optimal
(in terms of minimum cost at various levels of cost-risk) maturity
distribution and time issuance of debt instruments will be determined
for a multiperiod planning horizon.

A number of studies have analyzed the debt selection activities and
policies of the Farm Credit System. Hollenhorst analyzed the Federal Land
Banks' debt management policies for the period 1947 to 1961. Brake,
Boger, and Swortzel and Jensen have completed studies that project the
funding needs of the various banks of the System. Bildersee, Percival,
Morris, and Smith evaluated the financing needs of the Farm Credit System
in a Wharton School of Finance study in 1973. They concluded that the
lowest cost debt structure changes frequently and argued for flexibility
in the timing and placement of debt issues. The model developed in this

study can aid in making optimal timing and placement decisions.

The Conceptual Framework

Fxpected Cost-Variance of Cost Model

The mathematical form of the expected cost - varlance of cost

liability model (EC-VC) is identical to the expected return - variance
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of return asset selection model (E-V) except that now the objective is to
minimize the variance of cost subject to an expected level of debt cost.
Rather than having a given level of funds to invest, it is now necessary

to generate a specified level of funds to meet loan demands. Mathematically,

the model can be stated as:

Minimize 7 =%X'Qx | (1)
subject to AX < B (2)
CX < k - (3)
X >0 (4)
where

C(1 m) = the expected discounted cost vector
i for the planning horizoen,

Q(m m) = the discounted variance-covariance
? matrix of C,

A = the technical matrix,
(n,m)

= the funding requirements and debt

B
(n,1) policy constraints,

k = the cost constant which is varied
parametrically,

= the debt activity levels found by solution

£, 1)
.m, after each change in k.

Since the procedure is now applied to the liability rather than the
asset sidg éf the balance sheet, at any levei of expected cost one unique
liability structure is determined that minimizes the variance of cost.

As expected cost is reduced by moving to another liability structure,
the minimum variancé at that cost increases (Figure 1).

.The right-hand side (the B vector) of the EC-VC model contains the

deterministic estimates of the financing requirements of the FICB. But

since the financing needs are stochastic, it is necessary to convert these



-5-

stochastic variables into deterministic values. One possibiiity is to
use the expected values of these needs as the values for the right—hand.
side, However, in some instances it may be optimal to plan for bond
debt outstanding to be an amount greater or less than the expected debt
needs. This would depend upon the cost of short-term debt and short-

term investment returmn.

A
Variance of

Cost (VC)

Inefficient
Liability
Efficient Structures
Liability

Structures

Expected Cost (EC)

Figure 1. Expected cost and variance of cost (EC-VC) frontier.

Inventory Model

With the use of an inventory model it is possible to estimate the
optimal bond purchases for a time period given an estimate of probable
demand, cost of bonds, cost of inventory (funds) deficits, and return from
excess inventory balances. After the optimal bond quantities are determined
for each time period, these values can be inserted as the right-hand side
of the mean-variance model and the optimal term structure ﬁf bond debt can
be determined.

Debt demand for each period is defined as the amount of débt funds
necessary to service the loans outstanding for that period. This definition

of demand involves a stock rather than a flow concept. Debt outstanding
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during any period not only depends upon new loans granted during the

. period, but also loans made in previous periods which have a maturity of
more than one period. Since demand is defined as a stock, the vast
majority of demand occurs instantaneously at the start of the period as
outstanding loans are carried into the new period. The model assumes
for simplieity that all of the stochastic debt demand for each period
bccﬁrs immediately after a bond is issued at the beginning of the period.

_ Thus, after demand_qccurs there will be either an excéss or a shortage
of funds for the remainder of.the period. Excess funds are invested in
.short-term investments; deficits are covered by short-term borrowing. The
objective is to minimize the expected cost of funds for the period; the
control vériable is the quantity of bonds to be outstanding for the period.

More explicitly, we want to minimize:

E{le(y)} =c -y +p J'y (v-y) f(v) dv - h {Z (y-v) f(v) dv (5)
where:
v = amount of debt demanded for a given time period,
£(v) = probability demsity function for the possible values

of v,
¢ = bond cost,
- p = short-texm debt cost,
h = short-term excess funds return,

y = amount of bonds outstanding.

The first derivative of equation (5) with respect to the control variable

.y set equal to zero is:
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dE{;iz)} ce-p f: f(v) dv - h /) £(v) dv =0. (6)

By definition, -

f; f(v) dv =ll - {Z f{v) dv.

Inserting this identity into equation (6) and solving for the minimum

cost yields:

y¥ _P-c '
[o £ dv =T - (7

If f(v) is estimated, then y* can be determined as the optimal quantity

of bonds outstanding for the period. But y* is only defined if O f_g i < 1.

This can occur only under either of two conditions:

(a) p> c > h,

(b) p < e < h.

For a minimum cost, the second derivative of equation (6) valued at

v* must be greater than zero, or

2
d E{ng)} = (P _ h) f(y*) > 0. (8)
dy

Since f(y*) > 0, for the second order condition of (8) to be fulfilled,
p > h, so condition (a) above must held and p > ¢ > h.

The expected inventory (funds) shortage for a given period will be

E(s) = f:* (v=y*) £(v) dv. (9

This shortage can be multiplied by p for the expected funds shortage cost.
The expected cost of not financing all debt by the lower bond cost is

(p - ) E(s).
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Similarly, the expected excess funds for a given period will be

Ex) = 7 (y* - v) £(v) dv. (10)
This excess can be multiplied by h for the expected return on excess funds.
The expected cost of over-financing with bonds will be (¢ - h) E(x).
The FICB is assumed to meet all of the financing needs of the
PCAs so that none of the debt financing activity levels will.affect
the proﬁability distribution of debt demand in any successive periods.

. : *
Thus, there will be no correlation between yi’s.

The Empirical Model

PlanningﬁHbrizon

The planning horizon of the model is three years. Three years
enables apaleis of the impact of sequential funding with discount
notes, six~-month and nine-month bonds. The sequential impact of the
1opger~term bonds.with various terms—-to-maturity {(two-year to twelve-
year ﬁoﬁds have been used) would have reduired a substantially longer
planning Hbrizon.

The model is multiperiod; fhe first 18 periods are monthly periods,
the last six periods are quarterly periods. Monthly periods were selected
since the six-month and nine-month bonds aré issued at the beginning of
each month. The last half of the planning horizonm was separated into
quarters to reduce the number of activities in the model and still provide
adequate ﬁetail. Transition to quarters required aggregating the monthly
funding activities into quarters during the last half of the three year

planning horizom.
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The model terminates at the end of the three year horizom. Termination
activities (such as complete liquidation by repurchasing all debt) were
not included. Ending the model abruptly after three years can create
myopic solutions. But as a planning aid, the purpose of the model is
to derive optimal funding activities for the immediate future. Funding
activities in future periods are only important and included because of
their impact on immediate funding decisions (Boussard) .
Activities

Eighteen nine-month bond activities were defined for the 18.month1y
periods, and 6 nine-month bond activities were defined for the last six
quarters. Six-month bond activities were defined in a similar manmer.
Long-term bond activities were defined as bonds issued on a quarterly basis
at the béginning of the month for the first 18 months and then the beginning
of each quarter for the last half of the planning horizon. Since the long-
term bonds that are issued normally have a term-to-maturity beyond three
years, they will provide funds for the duration of the planning horizon
regardless of when they are issued. Discount notes can be issued by the
FICB almost daily in maturities of 5 to 270 days, but were defined in the.
model as notes issued at the beginning of each monthly or quarterly period
with a maturity of one month. The unit of size of all funding activities
is one thousand dollars, since all the securities are issued in denominations
of at least that minimum size.
Constraints

The model contains 24 rows which incorporate the funding needs
(loan demand) of the FICB. The first 18 rows correspond to the Ffirst

18 monthly periods; the last six rows correspond to the six quarterly
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periods pf.the last half of the planning horizon. Transfer rows and

cdlumnswere used to bring into solution the debt structuré outstanding

at the'béginning.of the_planning horizon, since initial outstanding debt

_obligations will provide for some of the funding needs of the bank.
Additional constraints were placed on selected activities in some of

the solutions to ascertain the effects of various debt management policies.

. One policy gestriction is that no more than 10 percent of debt outstanding

can be acqﬁired by a single bond issue. Also, no more than 10 percent

of the debf can be_held as discount notes. A third restriction is that at

least 30 pércent of debt must be held in term bonds.

Coefficient Estimation Procedures

The model was applied to the deb£ selection process faced by the Omaha
FICB. For tﬁis abplication it was assumed that the debt cost probability
density function is multivariate normal. Thus, estimation of expected
- values of debt costs and the variance-covariance of these costs will
cémpletely define the probability density function. Although it is not
necessary, since any functional form can be used, the probability density
functién for future FICB debt needs was also assumed to be normally distributed.

The variance-covariance matrix: Monthly observations of secondary

market yields on all federal government agency securities from the period
1965 to 1977 were used to derive the variance-covariance matr1x.~j Secondary
market yields were used rather than initial placement interest rates

because initial rates were not available for all currently used securities over

ijThe security yield data were obtained from the Fiscal Agency
of the Farm Credit System.
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a sufficient observation period. The vafiance—covariance matrix was
calculated as deviations of actual values from expected values. The
deviations were squared and divided by the number of observations.

To obtain expected values for the various interest rate variables, the
expectations theory of the term structure of interest rates was used. The
expectations theory states that the current long-term spot rate is the
geometric mean of the cufrent short-term spot rate and future short-

term rates that are expected to occur during the duration of the long-

term security (Sharpe, p. 226). It is assumed that the variance-covariance
matrix is the same regardless of the expected values of bond and note costs.

Expected costs: Two projections of interest rates for the January

1979 to December 1981 time span were used;gl Both forecasts were obtained
from the same national econometric model. A most probable interest rate
forecast calls for iﬁterest rates to decrease during 1979, increase during
1980, and then fall again during 198l. A recession forecast simulated
interest rates to increase the first two quarters of 1979, to fall drastically
during the third and fourth quarters of 1979 as the recession develops and
then decrease moderately during 1980 and 198l. To derive expected debt costs
the cost of debt issuance in basis points was added to the interest rates.
These adjusted rates were multiplied by $1000, and then by the term-to-
maturity of the debt activity, or the time left until the end of the planning

horizon if that time was less than the term of the debt activity. Since

g/The projections were provided by the FICB of Omaha.



-12~

the model is multiperiod the expected cost and variance-covariance

- . 3
coefficients were discounted to the present.—/

Debt requirements: It was necessary to éstimate probability density
functions of FICB debt for each month for 18 months into the future, and
theh for each quarter for an additional six quarters into the future. To
formulate normal probability density function estimates, the two parameters
of the distributidn, the mean énd the standard deviation, were obtained by
a linear regression of FICB debt on selected regressors as noted below.

The forecasted values from the eStimated rggression equations were used
as the means for the future periods. The variances of the error of forecast
were used as the measure of variances for the distributions.

Two separate linear regressions were estimated to obtain two different
forecasts of FICE debt. The first equation was estimated by a time series
régression of FICB debt; the second equation was estimated by a regression
of FICB debt upon PCA loans outstanding. Each equation generated a slightly
different type of projection and allowed testing the sensitivity of the
model to various debt projections. The time series equation provided
a projection that increased every month, but with the greatest increase

occurring the first quarter of each year as farmers prepared for the crop

3/

" #/Since the expectations theory was used to compute the variance-

covariance measures, the time preference for money, expected inflation,

_and the expected component of the default risk premium would be inherent
in the forward interest rates. Deviations (variance-covariance) from the
forward rates would include unexpected debt cost due to inflation and the
unexpected variation of the default risk premium. The risk that money flows
(costs) will not materialize because of changes in loan demand is incorporated
in the inventory component of the model procedures. Therefore, the only elements
of the discount rate that are not already incorporated in the model are the

. pure time preference of money and expected inflation. The interest rate that
should most closely approximate the pure time preference of money and expected
inflation would be short-term U.S. Treasury Bills. In this study projected
three~-month bills were used. A separate bill rate projection was used for
each projection of expected interest rates.
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geason. The second equation projects debt to generally increase over the

three year horizon with larger increases occurring during the first quarter and

decreases occurring during the fourth quarter of each year. This
decrease occurs as farmers sell part of their crops to reduce their
debt at the end of the crop season.

The probability density functions of FICB debt along With the
average cost of bond debt, short-term debt cost, and excess funds
return were used to derive the optimal level of bond debt for each
period with application of the inventory model. With this model the
optimal FICB bond debt for each period was determined exogenously from
the quadratic program and the values were inserted into the program.
The FICB was restricted to a limit of planned excess or deficit funds
of 525 million from the expected value for each period. The $25 million
is the line of eredit that the FICB has established with commercial
banks. Although thgre is no formal limitation to the investment portfolio
of the bank, the same $25 million restriction was applied to excess
funds.

The computer program used to derive solution values for the
model was thé RAND QPF4, This program solves the problem of minimizing
a quadratic function subject to linear constraints, and has a parametric
procedure for the linear portion of the objective function. The program

utilizes the Wolfe solution algorithm (Wolfe).

Empirical Results

The empirical model was applied to the future three-year period

of 1979-1981. A number of applications were performed with different
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projections of expected debt cost and optimal debt requirements.—
In most instances the applications were first made without debt policy
constraints, and then debt policy constraints were imposed.

Most Probable Expected Debt Cost

The results generated by using fhe most probable forecast of
interest rates to derive expected deEt costs, and debt'forecasts from
PCA lcan projections to obtain optimal debt requirements will be discussed .
in.detail. Additional applications assuming alternative interest rate

and debt need projections will then be briefly reviewed.

No debt policy comstraints: The model excludingthe debt policy
constraints genefated 25 individual portfolios on the frontier ranging
from a low expected discounted cost of $226.602 million (high discounted
standard deviation of $28.195 million) to a high expected discounted
cost of‘$237.035 million (low diséounted standard deviation of $18.805
million). The efficiency frontier is blotted in Figure 2; This frontier
illustrates the tradeoff between expected cost and standard deviation—;
as a movement up the frontier to a lower expected cost portfolio occurs,

a higher level of standard deviation of cost must be assumed. -

4. To verify the realism of the model it was applied to the two
historical periods of 1975 to 1977 and 1976 to 1978. Because actual
historical debt amount and costs were used in these tests, the portfolios
generated correspond closely to the actual debt issued by the bank. Some
portfolios on the efficiency frontiers had lower expected costs than the
cost actually incurred by the bank. One major difference between the
portfolios generated and the actual debt issuance is that the bank typically
participated in the term and nine-month bond when they were both offered.

In the portfolios genmerated by the model typically only one of the two

bond types was selected even though both were available. Hence, it would
appear that the model does not diversify debt as well as the bank actually
did. However, diversification can be accomplished over time with a similar
or different bond type as well as by the use of different bond types at

a point in time. Since interest rates are more variable over time than
between securities at a point in time, it would be natural for the
diversification of debt to occur over time more than by maturity at issuance.
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The portfolios with the highest expected cost, an intermediate
expected cost and the lowest expected cost.are shown in Table 1.
The highest cost portfolio_(lowest‘standérd-deviatibn) entails
éxteﬁsive ﬁse of-the term bbndéland modérate use of discount notes
the fifst year. For the months_in the first year that term boﬁds-are not,
available, discount notes are used.to provide.funds until anotﬁef-term
bond can be used.: The second year of this portfolio involves the usé‘of
some nine-month bénds, as well as term bonds and discount notes. The
term bonds and some of the ninemmonth.Bonds afe carried into the last
quarter of the second year, but no new.debt ié issued that quarter. In
fact, during thelfourth quarter of the secqnd‘year discount notes that were
iggued the third gquarter, and séme nine-month bonds issued nine months
previously will mature and not be refinanced. This occurs bepause the
optimal debt needs of the bank decrease. from the third to thé fourth
quafter. During the third year of tﬁe planning horizon only discount
notes are ﬁsed. .The dominance of discéunt notes during the last.year,
and especially in the last two quartérs of the planning horizon, is
evidenced here andin portfoliés presented latér. This phenomenon ﬁay
be myopic; however, tests indicate that.the myopic términal yeaf conditicn
does not appear to be transmitted into the first and second years.

In fhe intermediate cost and standard deviation portfolio as in

the ‘highest cost (lowest standard deviation) portfolioc, only term bonds
and discount notes are used the first year; in fact, there are no differences
in the débt portfolios for the first six months of the first year between
these two portfolios. However, in July of the first year, discount notes

are substituted for term bonds in the intermediate cost portfolio. Then
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in August a greater use of discount notes_occﬁrs. The discount ﬁotés
issued in Septémbef mature at the end of“the month and a large volume
of term'bonds is used to refinance the debt in October. Although various
factors influence the choice of activities, it appears that since interest
rateé are.projected to reach their lowest level duringlOctober of 1979,
discount notes aré_issued the months immediatély prior to October so
fhat a laigé'amount of debt can be refinanced with the term bond at the
lowest interést rate of the.planning horizon. This phenomenon.did nbt.
ocgﬁf in the earlier lqw variance portfoliq siﬁée the discount notes
have high wvariances. Duriﬁg the second year fewer nine-month bonds and
ﬁore discount notes and term bonds are used than in the lowest variance
portfoliof For the first quarter of the thi;d year, nine-month bonds and
six—month bonds replace the discount nétes of the low variance portfolio.
This occurs because projected interest rates rise slightly during the
éarly pért of 1981, and the six-month ard nine-month issues lock.in a
low debt cost befdre rates begin té rise.

For the lowest cost portfolio of fhe foﬁtier, activities are
selected on the basis of their.éxpected cost without regard to variance.
Therefore this poftfolio is the same tﬁat would result from linear
programming. For the first year dnly discount notes are used during'
the fifst nine months, and then in October $960.182 million of term bonds
are used to refinance all new debt accumulatéd since the beginning of the
ﬁlanning horizon. Discount notes_are'agaiﬁ used during Novémber.and December
until anofher term bond can be issued.in January of the second year. In
February of the secoﬁd yvear a nine-month -bond is issued before interest

rates begin to increase. As new debt needs increase early in the second
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year, a term bond and a small volume of discount notes are first

used, and then discount notes are issued during the third quarter since
debt needs fall at the end of the year and the discount notes will
mature at that time. For the third year discount notes are again used
extensively, but now a nine-month bond rather than the six-month bond
is used the first quarter since it has a lower expected cost.
A summary of activities that are used the first year for the 25
individual portfolios on the efficiency frontier is shown in Table 2.
The table indicates the monthly averaye percentage of bond and note
debt acquired the first year using the four types of debt securities.
Every fifth portfolio is summarized with the portfolios listed in order
of descending expected costs and ascending standard deviation. A
movement from higher to lower expected cost portfolios results in a
shift from term bonds to discount notes augmented with six-month bonds,
and then to discount notes exclusively. Nine-month bonds are never
included in the portfolios during the first year on this efficiency frontier.
If the model is used on an operational basis, a bank would be
especially interested in the activities for the first period because
a decision to participate in the debt issues of that period would be
eminent. Many of the portfolios on the efficiency frontier have the
same first period debt activities (Table 3), and the range of expected
cost and standard deviation is quite large before there is a change in the
first period's activities. For example, expected cost varies from the
highest cost of $237.062 million to $231.446 million before a change occurs
in the activities for the first period; this change is from $125.073

million in term bonds to $96.665 million in term bonds and $29.408 million
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Table 2. Average monthly new deBt;outstanding for the first yeaf:
Most probable expected debt cost and debt requirements
from PCA loan projections, no debt policy comstraints.

Portfolio Nine-month Term Six-month Discount Expecg?d

: Standard /
number " bonds " bonds bonds notes cost— 2

deviation—

Percent of Yearly Total

1 0 87.2 0 12.8  237.062 . 18.803
s 0 86.7 5 12.8 236.972  18.816
10 0 7.8 0 22.2 235,185  19.598
15 0 73.6 0 26.4 234.358  20.161
20 0 43.6 25.3 31.1 228.733  25.735
25 0 36.3 0 63.7 226.602  28.195
a/

In millidns of dollars.

Table 3. Actiﬁities into solution the first period: Most probable'expected
cost and debt TFequirements from PCA loan projections, no debt policy
constraints (in millions of dollars).
_ Range in Range in
Portfolio expected - standard Nine-month Term Six-month Discount
numbers cost deviation bonds bonds bonds notes'
1l to 18 237.062 to 18.803 to 0 126.073 0 0
231.446 22,904
19 230.781 23.597 0 - 96.665 29.408 0
20 to 24 228.733 to 25.735 to 0] 0 126.073 0
226.800 27.910
25 226.602 28.195 0 0 0 126.073
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in six-month bonds. The next change at an expected cost of $228.733 million
is to $126.073 million in six-month bonds. The final change at the
lowest expected cost solution is to $126.073 million in discount notes.

With debt policy constraints: The model incorporating the debt

policy constraints generated 116 individual portfolios on the efficiency
frontier. The portfolios ranged from a low expected discounted cost of
$234.310 million (high standard deviation of $28.578 million) to a high
expected discounted cost of $237.184 million (low standard deviation of
$22.021 million). This efficiency frontier is also plotted in Figure 2.
As illustrated, the addition of debt policy constraints shifts the efficiency
frontier to the right; at any level of standard deviation, the portfolio
with policy constraints has a higher expected cost than the portfolio
without policy constraints. At the low standard deviation of $22.021
million, the increase in expected cost is approximately $5 million. At
the high standard deviation of $28.578 million, the increase in expected
cost is approximately $7.7 million. With the projections of expected
costs and debt requirements used in this model, it appears that the
addition of policy constraints imposes a greater penalty cost at the higher
standard deviation levels.

One purpose of debt policy constraints is to reduce the volatility
of the cost of debt. However, application of the policy constraints
does not necessarily accomplish this objective. The highest standard
deviation for the portfolios generated with the constraints is $28.578
million, which is one percent greater than the highest standard deviation

($28.195 million) without the debt policy constraints. Unfortunately,
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in additiom to failing to limit.potential high cost volatility, the
coﬁstrainté raise the minimum standard deviaﬁion attainable frbm $18.803
million without the debt policy cdﬁstréiﬁts.to $22.021 million with the
constraihts, a i? percent increaéé.. |

The highest-expected cost, an intermediate expecfed cost, énd the
loweéﬁ expected cost portfolios on tﬁe efficiency frontier generated
-with_constraints are shown in Table 4. The low standard deviation
poxrtfolio with the constraints, like the analégous portfolio without
the constrainté, includes a large amount.of term bonds the first year
of the planning horizon. However, the value is now reduced because no
mbre thén 10 pefcent of the total debt can be held in any specific bond
issue, As a substitute for the term bonds the next lowest ﬁariance
bonds are sglected; which in this case are the nine-month -bonds. Some
~discount notes are.also included in the portfblio, mostly entering the month
before a term bond is issued. The débt acquiréd By the discounf notes is
again refinanced_with term Sonds when possiﬂie. In the second year 6f the
constrained low standard deviation portfolio, more debt issuance activities are
included than in the analogous nonconstfained portfolio. This occurs
because the nine-month bonds issued during the first year must‘be re-
financed; when these bonds mature,.they.are refinanced with additional
nine-month bonds and discount notes. .For the last vear of the poftfolio,
since discount notes are constrained, some six-month bonds énd nine-month
bonds are_included.

A move from the high expected cost to the iﬁtermediate expected

"cost portfolio results in a shift from nine-month bonds to six-month
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‘bonds and discount nétes for the first year. Except for the first
month, the amount of term bonds to bé issﬁed the first year in this
portfolio is ndt_altered from the.high cost‘(low standard de#iation)
‘portfolio. In the second year a move to the intermediate from the high
expected cost portfolio entails very little'changelin term bond usége
but includes mére'nine-month bonds, fewer discount notes and nd six~
month bonds. The debt structure of the third year is also restructured
with thé inclusion of nine-month and term bonds because more maturing
debt is refinanéed and the use of the discount notes is constrained.

The first year of the low expected cost portfolio on the ffontier
differs substantially from the nonconstrained low expected cost portfolio.
-Now not only are discount notes included.in the first year, but becauée
of.the 10 percent constraint limiting.the use of any specific issue,
éix—month bonds are included as well since they are the next.lowest cost
debt activity. Term bonds are also included in the portfolio during the
first year because of the requirement to maintain 30 percent of the debt
in term issues. Unlike the nonconstrained portfolio where $960.182 million
of terﬁ bonds were issued in October because of that issue's low cost,
nowonly $129.673 millioﬁ can be issued becaﬁse of the 10 percent constraint.
Beéause of the_limits on the issuance of term bonds, beginning with
November of the first year ana into the second year nine-month bonds are
issued, subject to the 10 percent constraint. Interest rates are projected
to increase and low debt costs are being locked in with the long-term
securities-—term and nine-month boﬁds.' During the third year low cost
notes, term bonds and nine—monﬁh bénds are used subject to the 10 péicent

limit constraint.
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Similar to the first period's activities for the unconstrained
model, a movement to lower costs entails a shift from term bonds to
six-month bonds to discount notes. Now however, $93.479 million of
term bonds is always issued the first period to comply with the 30 percent
minimum debt to be held in term bonds. Although there are 116 different.
portfolios for the entire planning horizon, there are a significantly

reduced number of first period options, in this case, five.

Recession Forecast of Debt Costs

Additional analyses were completed using the recession forecast
of debt cost. The expected cost for the efficiency frontier‘generated
ranged from $237 to $275 million for the three-year period, and t@e
standard deviation ranged from $45 to $18 million. This frontier lies to
the right of the frontier generated with the most probable forecast of
interest rates. At low variance (high cost) levels on the efficiency
frontier, the portfolios contain primarily term bonds and discount notes
the first year. At the higher variance (lower cost) levels, nine-month
and six-month bonds are used the first few months of the first year to
lock in a low cost as interest rates increase during the first half of
the first year. As interest rates fall during the second and third
years, shorter-term securities are used extensively; nine-month and
six-month bonds at the lower variance levels and discount notesrat the
higher variance levels.

Comparison of the Efficiency Frontiers

As noted, changes in the coefficients of the model and the addition
of debt policy comstraints shifts the efficiency frontier. The addition of

debt policy constraints shifts the frontier to the right such that at
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any level Of sténdard deviation,-é greater expected cost is incurred.
'Thié is refleéted‘by a shiff ftqm‘frontiéf A to frontier B (Figure 2),
~ the fféntiers'ﬁbtaiﬁed using the most pfdbablé.debt fofecast without:and
with fhe debt poliey constraints respectively, énd from frontier C. to

D, the ffontierésobtained ﬁsing thegrecession debt forecast without and
with the debt'policy.constraints respecfively.

The shift from frontier A to f;ontier B is not a parallel éhifﬁj—
the increaée iniexpected cost is greater.at high standard deviation
levels. This occurs because the term bbnd in October of the first year
is used at. a volume as 1arge‘as $960.182 million in the nonconstrained
.frontier? Butlis restricted to a maximum of $129.673 million in the
_constrained.fr&ntiér. Thus, the increase in expected cost is greater
at thahigher standard deviation levels when the use of that bond is

- extensive becéuse of_its low expected cost. The shift from frontief c
to D is moré nearly parallel bécadse no.prevalent bond is used on tﬁe
nonconstrained frontier.

The shift from C to D also entails a reduction in the highest cost
risk exposure (standard deviation) of thg Bank. This did not occur with
the‘shift from A to B. .The reduction occurs because a large voiume of
discount notes, which have a high.standard deviation, were used in the
low cost portfolio on frontier C but were limited in use on frontief D.

Thé shift from A ﬁo C, which resulté from a change in expected dgbt
cost coefficients and debt requirements, is much more drastic than tﬁe
shift due to thé debt constraints.: This implies that the debt policy constraints
have a relatiﬁely small impact on the pbrtfolios on the efficiency ffontiers
compared té the effects of a change in the expected debt cost coefficients

and debt needs.
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Implications

In general, with all applicétions, a movement along the efficignt
frontier from low expected cost and high cost variance portfeolios to
highér expecﬁed.cost but lower cost variance pértfolios entails a shift-
from,one—ﬁonth discount notes to six-month bonds to nine-month bonds
to térm bonds. A projected increase in expected interest rates over the
planning horizon will cause longer—term bonds to be used to lock in é
low debf cost., A projected dgcrease in expected interest rates will cauée.
" shorter-term bonds and notes to be used to take advantage of the decrease.
However, the specific maturities used depend upon the duration of the
moﬁement and variance level on the efficiency frontier, The long—tefm
activities used at lower variances will be term bonds; long-term activites
at higher variances will be nine-month bonds. Short—~term activities used
at lower variances will be nine-month and six-month bonds; shéft—term'
activites at higher variances will be discounp notes. The fluctuation
of debt needs over the planning horizon requires the use of some short-term
securities which mature when debt needs decrease at all Varianpe levels.
A steady growth in debt needs permits the use of all terms-to-maturity, the
selection of which depends upon the expected cost and variance of the portfolio.
As expected, the addition of policy constraints shifted the efficieﬁcy
frontier to the right--expected debt cost was higher at each level of
variance, With the most probable forecast of debt cost, expected cost
was 85 to 58 million higher on the frontier with policy'constréings; with
the recession forecast, expected cost was $2 to $3 million higher.

The impact of'policy limits was greater for the most probable forecast
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of debt cost because the debt.policy constraints limited the extensive
use of a low cost term bond and there was no other long-term bond to
serve as a replacement. With the recessioﬁ forecast the use qf the
discount notes was constrained; but they were replaced at a small penalty
cost with six-month and nine-month bonds. The policy constraints
limited the high levels of variance (cost risk) that the bank could be
exposed to with the recession forecast of interest rates by limiting
the use of discount notes. Unfortunately, they also truncated the lower
section of the efficiency frontier and eliminated alternative low variance
solutions as well. The results also indicate that changes in expected
costs and debt needs result in dramatic shifts in the efficiency frontier.
It is impossible to compare the solution results for 1979-1981 to
past financing activities of the bank because of the transition to System-—
‘wide securities which wererincludéd in the model but were not completely
available to the bank before 1979. However, with the coefficienﬁ values
used in the model, it would appear that more extensive usage of both
long-term bonds and discount notes should occur. The nine-month and
six-month bonds are very similar as to expected costs, variance-covariance,
and duration. It therefore appears that they are good substifutes for
each other, depending upon funding neéds of the bank and relative costs.
The model appears to derive realistic optimal solutions. Whether
these solutions are the best solutions obtainable depends upon the
accuracy of the forecasted coefficients used in the model.  The historical
tests generated some solutions that had lower expected costs than what

the bank actually experienced over the test periods. However, those
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solutions were obtained using the actual debt cests that occurred
over the peried. Since the model is aﬁ optimization model which
selects from an enormous but finite sef of feasible solutions, a task
which would not be possible without a decision model, it would seem
plausible that it could be useful as a day;to—day management aid in

analyzing potential liability structures.
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