Measuring and managing interest rate risk:

A primer
George G. Kaufman

Losses from unexpected changes in interest
rates have become an increasing problem at
depository institutions over the past decade, as
interest rates have become more volatile and
have climbed to unprecedented levels. Such
losses occur when unexpected increases in
interest rates decrease the market value of an
institution’s assets more quickly than the market
value of its liabilitiecs— deposits and other bor-
rowed funds. This differential change in market
values occurs if the institution’s assets are less
interest sensitive than its deposits, that is, if the
earnings rate on assets adjusts more slowly to
market changes in interest rates than does the
payout—the coupon or contract ratc—on de-
posits. Under the same balance sheet condition,
the institution experiences a gain when interest
rates decline unexpectedly.

The more quickly an asset or liability adjusts
to market rate changes, the more interest sensi-
tive it is said to be. Institutions expose them-
selves to interest rate risk whenever the interest
sensitivity of the two sides of their balance sheet
is not equal.

The problems of interest rate risk are well-
known, but accurate measurement of risk expo-
sure is not easy. And, without such measure-
ments, reliable management of this risk is not
possible. This article describes a new technique
for measuring in one number or factor the
degree of risk exposure an institution assumes,
and develops simple hypothetical examples to
demonstrate the implications of various interest
rate changes for depository institutions. The
article also discusses alternative strategies for
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managing or controlling interest rate risk and
the pros and cons of the new technique relative
to more commonly used procedures.

A hypothetical bank balance sheet

The implications of interest rate changes
may be analyzed most easily with a simplitied
bank balance sheet. The same principles apply to
more complex and realistic situations. Here, we
describe an institution that has only three types
of assets:

1. Cash reserves (C)

2. 2%-year business loans, amortized
monthly (BL), and

3. 30-year mortgage loans, amortized
monthly (ML).

[t also has only two types of deposits (P):

1. l-year single payment certificate of
deposit (CD1) and

2. 5S-year single payment certificate of
deposit (CDS).

These deposits make no coupon payments and
may not be redecmed before maturity. The
remaining item on the right side of the balance
sheet is net worth or capital (K). The balance
sheet shown in Figure 1 describes an institution
with total footings of $1,000. All accounts are
valued at market. Cash is $100; business loans are
$400; mortgage loans are $500; one-year CDs are
$600; and five-year CDs are $300. The bank’s
capital is valued at $100, and its capital-to-asset
ratio is 10 percent.

For the sake of simplicity, interest rates are
assumed to be the same for all terms to maturity
for all securities and deposits of a given default
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risk class. That is, the yield curve is assumed to be
flat. All interest rates are compounded monthly.
All payments are to be made on schedule; there
are no assumed defaults, prepavments, or early
deposit withdrawals. The interest rate on all busi-
ness loans is initially assumed to be 13 percent
and onall deposits, 11 percent. Cash reserves are
assumed not to bear interest initially. The pro-
jected netincome of the bank for the year may be
computed by multiplying the market value of
cach account by the appropriate interest yield.
This is shown in the summary income statement
in Figure 1.' The bank’s initial net income (NI)
projected for the year is 1.8 percent on assets.
This income will be realized if interest rates do
not change during the year. The expected return
on capital is 18 percent.

Ifinterest rates change, they are assumed to
change by equal percentage points ( basis points)
for all securities. After a change in interest rates,
all bank accounts are marked to their new
market (present) values—the price for which
the accounts could be sold, if necessary. The
balance sheet is designed so that accounts are
not equally sensitive to interest rate changes.

Interest rates increase by 200 basis points

Now let interest rates increase 200 basis
points across the board. This reduces the market
value of all accounts. The new balance sheet and
income statements are shown in Figure 2. It is
obvious that the accounts do not change by
equal amounts. Longer-term accounts decline
more in value than shorter-term accounts. For
example, the market value of the business loan
declines from $400 to $390, while that of the
longer-term mortgage loan declines from 3500
to $437. Total assets decline to $8927. Likewise,
the market value of the one-year CD declines
from $600 to $589, the five-year CD from $300 to
$272, and total deposits from $900 to $861. The

""This definition of nctincome reflects economic income.
All gains and losses duce to changes in interest rates are
recognized immediately. In practice, banks do not use this
accounting system and do not recognize these gains and
losses unless securities are sold before maturity. Neverthe-
less, cconomic income provides the most meaningful picture
of a bank’s income condition.
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Figure 1

Initial conditions

Balance sheet
Assets Dollars* D (yrs.)t| Liabilities Dollars* D (yrs)t
Cash 100 0

BL (2% yr) 400 1.25
ML (30 yr.) 500 7.0

CD (1 yr) 600 1.0
CD (5 yr) 300 5.0
Net worth(K) 100 5.5

Total 1.000 4.0 I Total 1.000 2.65
Deposit duration
600 (1) x 300 (5)

p- 200 = 2.33 years

Projected annual income statement for year

Market

Interest value = Interest - total

__Xiel_d tptal_assej Lsets_(percent)
Revenues
Cash 0 1 0
Loans 13 9 1.7 11.7
Expenses
Deposits 1 9 9.9 99
Net income 1.8

Summary accounts

K = $100
K/A = 10%
NI = 1.8%

*All accounts are valued at market (present value)

tApproximate, using Equations 2 and 4.

value of capital, which is the difference between
the value of total assets and deposits, declines 34
percent from $100 to only $66. Capital as a ratio
of total assets declines from 10 percent to 7.1
percent. The increase in interest rates also
decreases the projected annual net income by
increasing the interest cost of deposits more
than the revenue from assets, even though cash is
now assumed to yield a small interest return.
This occurs because deposits now account for
proportionately more of total footings than
before, so that interest expense has increased in
relative importance. The projected net income
declines to 1.5 percent of total assets from 1.8
percent. Itis evident that the increase in interest
rates has harmed the institution.

An equal decrease in interest rates of 200
basis points would have opposite effects. As can
be seen from Figure 3, the values of all bank
accounts except cash increase. Capital increases



to $147, the capital to asset ratio to 13.5 percent,
and net projected income to 2.0 percent of total
assets. The institution is better off than it was
before.

Duration analysis

Changes inabank’s financial position due to
interest-rate changes can be looked at with the
help of duration analysis. Duration is a measure
of the average life of a security. In its simplest
form, it is computed by multiplying the length of
time to each scheduled payment by the ratio of
the present value of that payment to the total
present value or price of the security and sum-
ming, or

1

Z t- PVF,

D = t=1 (1)
I
> PVF
t=1
where:
D = duration
t = length of time (number of months,

years, etc.) to the date of payment
PVF, = present value of the payment (F) made
at (1), or Fp/(1+i)t

|
Z = summation from the first to the last
t=1 payment (1).

This measure of duration is referred to as Macau-
ley’s Duration, and is named after Frederick
Macauley, who first computed it in 1938 in his
seminal study of the history of interest rates in
the United States. Duration is a single number
that is measured in units of time, e.g., months or
years. For securities that make only one payment
at maturity, duration is equal to maturity; for all
other securities, it is shorter than term to matur-
ity. Duration effectively converts a coupon
security into its zero coupon ( single payment or
bullet) equivalent. For coupon bonds, for exam-
ple, duration is equal to the term to maturity of
an equivalent zero coupon bond that makes the
same total payments and yields the same interest
rate. The properties of duration have been de-

Figure 2
Assume interest rate increase of 200 basis points

Balance sheet

Dollars* ) Dollars'ﬁ
Assets Actual Approx'd. Liabilities  Actual Approx'd.
Cash 100 100 CD (1 yr) 589 588
BL (22 yr.) 390 390 CD (5 yr) 272 270
ML (30 yr.) 437 430 Net worth (K) 66 62
Total 927 920 Total 927 920
Projected annual income statement for year
Market
Interest value Interest - total
yield total assets asgets (percent)
Revenues
Cash 2 1 0.2
Loans 15 .89 13.4 13.6
Expenses
Deposits 13 .93 121 1&
Net income 1.5
Summary accounts
K = $66
K/AzZT71%

NI = 1.5%

*All accounts are valued at market (present value)

scribed elsewhere.? Most importantly for our
purposes, at first approximation, duration relates
changes in interest rates and percentage changes
in bond prices linearly as follows:

AS_ p_Al L pai (2
S (1+1)
where:
S = price of a security
i = yield to maturity
A = change from previous value.

*G. O. Bierwag, George G. Kaufman, and Alden Toevs,
“Duration: Its Development and Use in Bond Portfolio Man-
agement,” Financial Analysts Journal, July/August 1983 and
“Management Strategies for Savings and Loan Associations to
Reduce Interest Rate Risk,” New: Sources of Capital for the
Savings and Loan Industry: Conference Proceedings (Fed-
eral Home Loan Bank of San Francisco), December 1979, A
more technical analysis appears in George G. Kaufman, G. O
Bierwag, and Alden Toevs. eds., Innovations in Bond Portfo-
lio Management: Duration Analysis and Immunization,
Greenwich, Conn.; JAI Press, 1983 and in Gabricl A, Hawu-
wini, ed., Bond Duration and Immunization, New York;
Garland Publishing, 1982.
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Figure 3

Assume interest rate decrease of 200 basis points

Balance sheet

Dollars® Dollars*
Assets Actual Approx‘d; Liabilities  Actual Approﬂ
Cash 100 100 CD (1 yr) 612 612
BL (2Y2 yr.) 410 410 CD (5 yr) 331 330
ML (30 yr.) 580 570 Net worth (K) 147 _1 28
Total 1,090 1,080 Total 1,090 1.080

Projected annual income statement

Market

Interest value = Interest - total

3 y!glrd_ total assets _assets (percent)
Revenues
Cash -2 .09 -0.2
Loans " 91 10.0 9.8
Expenses
Deposits 9 .87 7.8 ﬁ
Net income 2.0

Summary accounts

K= %147
K/A =13.5%
NI = 2.0%

*All accounts are valued at market (present value).

Equation 2 is more accurate the smaller are the
interest rate changes.

Now we can readily see why the value of
cach account changed when interest rates
increased. All we need to do is compute the
duration for each account by Equation 1 and
multiply by the 200 basis point increase in inter-
est rates. The duration of each account is shown
in Figure 1. (For case of following the analysis,
the durations shown are rounded. ) As was noted
carlier, the duration of securities that generate
periodic flows before maturity is less than their
term to maturity. Thus, the initial duration of the
30-year monthly amortized mortgage vielding
13 percent is only seven years (7.14 years pre-
cisely). The durations of the single payment CDs
are equal to their maturities. Because the bank
will generate a constant stream of earnings as
shown in the projected income statements unless
interest rates change, the return on capital is
projected to be constant. Thus, the duration of
capital is the same as the duration of a fixed-
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coupon perpetual bond (consol) and approxi-
mates 1/i. The initial return on capital is $18 per
$100 or 18 percent, and its initial duration is
approximately 5% years.> The longer are the
durations, the proportionately greater will be
the price change predicted by Equation 2 for a
given change in interest rates. Note also that: 1)
duration, unlike maturity, has a linear relation-
ship with price sensitivity and 2) the longer the
duration of a security, the smaller is its interest
sensitivity as defined at the beginning of this
article.

The change in the market value of each
account predicted by Equation 2 is shown in
Figure 4. Changes in interest rates of 200 basis

Figure 4

Using duration to measure risk exposure
for individual accounts

Approximate changes in the market value of balance sheet
accounts for 200 basis point increase in interest rates (see
equation 2):

BL: -1.25 (+200) = - 2.5%, -$10
ML: ~7.0 (+200) = -14.0%, (-$70)
1 yr. CD: -1.0  (+200) = - 2.0%, (-$12)
5 yr. CD: -5.0 (+200) = -10.0%, (-$30)
K: -55 (+200) = -11.0%, (-$11)"
TA: -4.0 (+200) = - 8.0%, (-$80)
TL: -2.65 ( 200) = - 53%, (-$53)*

*Price effect (PE) only. But there is also an income effect (IE) =
(TApg - TLpg) = (80-53) = $27

Thus, total effect = PE + IE = :
TL: -53 + (-27) = -$80
K: -11 +(-27) = -$38

points are large relative to the capabilities of
Equation 2. As a result, the predictions are only
rough approximations and will be less accurate
with longer durations. In actuality, changes of
200 basis points are unlikely to occur all at one
time. In addition, the predictions are distorted
because rounded rather than precise values of
duration are used. The approximate changes in

‘If the bank's carnings arce expected to increase, dura-
tion would be greater than the consol value, as can be seen
from Equation 1. If carnings are expected to decrease, dura-
tion will be shorter. Although capital has no maturity datc, its
duration is not constant. It changes when interest rates
change.



values will approach the actual changes in value
as the assumed interest rate changes decrease in
size and the precise values of duration are used.
Nevertheless, for all the accounts except capital
and total liabilities, the computed dollar changes
are reasonably close to the actual changes
between Figures 1 and 2. For example, the actual
decline in the market value of the 5-year CD is
$28 (from 8300 to $272) and the approximated
decline is $30 (from $300 to $270). To the
extent that changes in prices reflect the degree
of interest rate risk assumed, duration represents
a good first-approximation measure of risk
because it is proportional to the price change.
For example, the price of the five-year CD will
change five times as much for a given change in
interest rates as the price of the one-year CD.
This makes it five times as risky, which is
reflected in a duration five times as great.

For capital and total liabilitics, the com-
puted declines are substantially smaller than the
actual declines. This occurs because the approx-
imated market value of the assets declines by $80
when interest rates increase by 200 basis points,
while the sum of deposits and capital declines by
only 853 (42 + 11), or $27 less. The additional
$27 loss must be charged against capital. When
this is done, the approximated value of capital
declines by 838, directly by $11, as shown in
Figure 4, and indirectly by $27, from the addi-
tional loss in assets. ( The actual value of capital
declines by $34.) The sharp decline reflects the
combined effects of the 200 basis-point increase
in the discount rate on capital from 18 to 20
percent and the decline in projected earnings on
capital from 18 to 15 percent. Now also the
approximated market value of total liabilities
declines by $80 (53 + 27), the same amount as
the decline in assets, and the two sides of the
balance sheet balance. Thus, as formulated,
Equation 2 cannot be used directly for approxi-
mating changes in the value of capital.

With a small adjustment, however, dura-
tions can be used to measure the overall interest
rate exposure of the institution. As is evident
from analyzing the changes in the balance sheet
and income statement above, the increase in
interest rates did not affect every account equally.
It is thus necessary to specify precisely what

2()

account is most important to the institution. The
selection of such a target account whose value is
to be controlled and the assumption of a particu-
lar degree of risk exposure in that account is the
function of the bank's senior management. In
this article, we will focus on only two accounts:
1) the nominal value of capital and 2) the
capital-to-assct ratio.! The first is most likely of
primary concern to the sharcholders of the bank
and the second, to bank examiners. While the
interest rate sensitivity or risk of individual
accountsis related to the duration of the account,
the interest rate risk of a target account is related
to the difference, or gap, between the average
duration of the assets of the institution and the
average duration of the deposits. The duration
gap measurcs for the two accounts discussed
above are:

K: (DA - WDP)

(3)
K/A: (Dj - Dp)
where:
Dp = average duration of asscts
Dp = average duration of deposits

w = a weight defined as P/P+K = P/A
The proofs for these relationships are derived
in the Appendix.

The average durations for the measure of
duration given in Equation 1 are obtained by
weighting the durations for the individual securi-
ties by their relative market values. Substituting
into Equation 3 the appropriate values of dura-
tion from Figure 1, yiclds the values of the dura-
tion gap for each account. These are shown in
Figure 5. Note that the duration gaps differ for
the two accounts, reinforcing the need for the

Ht is also possible to use net income as a target account
and to develop appropriate measures of duration gap. The
duration gap measure for economic income is complex and
has been derived by G. O. Bierwag. It is available from the
author upon request ( George Kautman, Rescarch Depart-
ment. Federal Reserve Bank of Chicago, Box 83+4. Chicago 1L
60690). A duration gap measure for net income using cur-
rent bank accounting practices has been derived in Alden
Toevs, “Gap Management; Managing Interest Rate Risk in
Banks and Thrifts,” Economic Review (Federal Reserve Bank
of San Francisco), Spring 1983.
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Figure 5

Using duration gap to measure interest rate
risk exposure for target accounts

Duration gap formulas:

K : (Dp-wDp)=4.0-.9(23)=19years

K/A: (Dp -Dp)=40-23=17 years
where w = (P/A)

Approximate changes in market values for 200 basis point
increase in interest rates (see eguation 4):

K : -1.98(+200) = $-38
K/A:  -1.7 (+200) (0.9) = -3.1%
Formulas for immunization (IRR = 0):

K DA:pr

K/A: Dp=Dp

bank to identify a primary target account. The
gap is 1.9 years for capital and 1.7 years for the
capital-to-asset ratio.

The estimated impact of interest rate
changes on the target accounts can be obtained
by substituting the relevant duration gap into
Equation 2, as follows:

For capital:

AK =-(Dy - wDp)AI
A
=-(4-9x23)Ai
=- 1.9Ai
or
AK - (D4 - wDp) (A) A
K K
=-(1.9)(10) Ai
= - 19Ai (4)

For capital-asset ratio:

A(K) = -(Dy-Dp) (LK) A
A A
=-(4-23)(9) Ai
=-15Ai

Multiplying each duration gap by the 200-basis-
point increase in interest rates yields the decrease
in the value of the respective account as a per-
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cent of total footings. Capital now decreases by
3.8 percent of total assets, or the full $38, a
combination of the 811 price effect and the $27
income effect (See Figure 4).

The above examples clearly demonstrate
that the actual changes in the market value of the
balance sheet accounts attributed to interest
rate changes are proportional to the duration of
the accounts. Accurate measures of duration
vield close approximations of these actual
changes.

The institution can change its degree of
interest rate exposure to any extent it wishes by
changing the composition of its balance sheet in
such a way as to obtain the desired duration gap
for its target account. The greater the duration
gap, the greater is the institution’s risk exposure
for a particular target account; and conversely,
the smaller the gap, the smaller its exposure.
Moreover, the relationship is linear. For exam-
ple, if in the above example the duration gap for
capital werc twice as large, say 3.8 years, then the
value of capital would decline twice as much, or
$76 for a 200-basis-point increase in interest
rates.

An institution can also eliminate its risk
exposure to zero by setting its target account
duration gap to zero. This can be seen by using a
value of zero in Equation 4. The bank is then said
to be “immunized,” and unexpected interest
rate changes will not change the market value of
the target account. The decision on how much
interest rate risk exposure to assume and the
strategy of how to achieve this is referred to as
interest rate risk management and is discussed in
the next section.

Before introducing risk management, it is
useful to emphasize a number of points:

1. If the institution does not specify a
target account, it cannot measure its
interest rate risk exposure accurately.

b

Interest rate exposure is directly
related to the absolute size of the dura-
tion gap for the target account; the
greater the gap, the greater the risk
exposure.



3. Interest rate exposure can be removed
or immunized in a target account by
setting the appropriate duration gap to
zero.

4. If the market value of total assets
changes more or less with changes in
the price level, maintaining a constant
capital-to-asset ratio (immunizing)
maintains a constant real value of
capital.

5. Although the bank balance shec¢t used
in our examples includes only securi-
ties traded on the cash market, dura-
tion analysis applies equally well to
securities traded on the futures and
options markets. The durations of these
securities can be computed and
included in the appropriate duration
gap measure to measure the overall
interest rate exposure of the bank.

Managing interest rate risk

Like any private business firm, a depository
institution attempts to maximize its profits.
However, profit maximization presumes a de-
sired level of risk exposure. Expected profit and
risk are directly related. The greater the risk of
loss assumed, the greater must be the expected
profit required to compensate for the higher
likelihood of loss, and, conversely, the smaller
the risk exposure assumed, the smaller can the
expected profit be. The desired risk-return trade-
off for an institution is determined by its senior
management and may be expected to differ from
bank to bank. Interest rate risk is only one type of
risk a bank assumes. It generally also assumes
credit quality risk, liquidity risk, foreign exchange
rate risk, and so on. Thus, managing interest rate
risk is part of overall risk management.

To manage any risk accurately, a bank must
predict the probability of possible outcomes of
undertaking the risky activity. To manage inter-
est rate risk, it is necessary to predict, at min-
imum, the direction of interest rate changes. The
effect of an interest rate change will differ
depending on whether the bank has a positive

gap (the duration of assets is greater than the
duration of the appropriately weighted depos-
its) or a negative gap in the relevant target
account. As may be seen in Equation 2, decline in
interest rates will increase the nominal value of a
bank’s capital account if its capital duration gap
is positive and decrease the value if its gap is
negative. An increase in interest rates will have
the opposite effect, decreasing the nominal
value of the capital account if the duration gap is
positive and increasing it if it is negative. The
greater the gap, the greater will be the gain or
loss. Thus, the bank must determine both the
direction and the size of its gap on the basis of its
predicted interest rates. Correct predictions will
increase capital and incorrect predictions will
decrease capital. A bank may pursue two interest
rate risk strategies; a passive (immunization)
strategy or an active strategy.

Immunization. For whatever reasons, a
depository institution may wish to maintain a
constant nominal value of its target account
regardless of changes in interest rates and
immunize its interest rate risk exposure. Thisis a
complete hedging strategy. It should be noted
that banks generate profits if they assume inter-
est rate risk and manage it correctly, and that this
income may be reduced or lost altogether when
it decides to immunize. On the other hand, by
immunizing the bank also decreases its chances
of suffering losses if the risk is mismanaged. As
discussed earlier, to immunize fully the bank
needs to set the appropriate duration gap to
Zero.

Assume that the bank chooses the nominal
value of capital as its target account and wishes
to immunize its current market value. In our
example in Figure 1, the initial value of capital is
$100. To immunize capital, the bank needs to
restructure its balance sheet so that from Equa-
tion 3:

Dy - “"Dp:O (3

Initially Dy =4 years,Dp= 2.3 yearsand P/A= 9.
This yields a duration gap of 4 - .9 (2.3)=19
years. The bank is not immunized. It can reduce
the gap to zero either by shortening the duration
of itsassets by 1.9 years to 2.1 years or by length-
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ening the duration of its deposits to 4.4 vears
so that .9 (4.4) = 4 years. It can do so either on
the cash or the futures market. We will assume
that the bank prefers to lengthen its deposits on

Figure 6

Immunize K and set DGAP - 0 years
when DA =4 and Dp - 2.3

the cash market. It can do so by reducing the Strategy: Set D - (P/A)Dp = 0
dollar volume of its one-year CDs from 8600 to Currently: Dy = 4, (P/A) Dp = 2.1 years
8125 and increasing the volume of its five-year DGAPy =4 - 2.1 = 19 years
CDs from $300 to $775. As is shown in Figure 0, Can satisfy by:
this increases the duration of the deposits from 1. By shortening TA to D, = 2.1 years
2.3 to 4.4 years and satisfies Equation 5. 2. Lengthening P to Dp = 4.4 years [(P/A)Dp =
Now let interest rates increase 200 basis 9 U =40

points as before. (For the sake of ease in tracing can act . Spot market
the mechanics, the examples are created using 2. Futures market
the approximate duration values rather than the Assume lengthening P on cash market by changing mix:
precise duration values. Thus, the bank will not o

. . . . - Assets Dollars* D {yrs.)t | Liabilities Dollars* D (yrs.)t
be perfectly immunized in actuality). Except for —————— e —— =
capital, which remains at $100, the approxi- Cash 10 o Coittyry 1250 1
mated market value of each account declines. BL2Wyr) 400 125 ) CDSy) 775 5
Because the composition of assets was not ML@Goyr) 500 20 | Network 100: 55
changed, the decline in their market value is the Total 1000 4.0 Total  1.000  2.65
same as in Figure 2. The composition of the Deposit duration
deposits was changed, however, by reducing the 125 (1) x 775 (5)
proportion of shorter-term deposits. As a result, Be==" gpp -~ 4AeVEN
the decline in the value of total de(’)Si[S is If interest rates increase by 200 basis points:
greater than before. Capital remains unchanged _ Dollars® _ Dollars*
because the decline in the market value of the Assets  Actual Approx'd. | Liabilities Actual Approx'd.
deposits is now exactly equal to the decline in Cash 100 100 CD(1yr) 123 122
the market value of the assets. Although capital BL (2'% yr.) 390 390 CD(5yr) 704 698
remained UI‘lChZII’lng, the values of the other two ML (30 yr.) 437 430 Net worth 100 100
surp@ary accounts did not. The capital-to-asset Total 927 920 Total 927 920
ratio increased to 10.8 percent, and net income
increased to 2.0 percent of assets. Thus, immu- T Al accounts are valued at market (present value)
nization of the capital account does not imply tApproximate.
immunization of other accounts. As shown in Projected annual income statement
Figgrlc 6, the gap for the capital-to-asset ratio is — v“gli':e_; TR
-0.44 when the gap for capital account is 0. _yield  total assets  assets (percent)

Because, as can be seen from Equation 1, Revenues
the change in interest rates changes the duration Cash 2 n 0.2
of all securities, Equation 5 is no longer satisfied Loans 15 .89 134 13.6
after the change in rates. Thus, the bank is no Expenses
longer immunized and must restructure its bal- Deposits 13 -89 1.6 UG
ance sheet so that it is immunized against the Net income 2.0
next interest rate change. Moreover, as may also Summary accounts
be seen from Equation 1, the durations of securi- K =$100
ties decline, even if there is no interest rate :;’A : ;3'8%
- 2.0%

change, just from the passage of time. To remain
immunized, the bank must continually restruc-
ture its balance sheet to offset this duration
“drift”. For larger institutions that buy or sell Fed

Analysis (duration gap)
K : 4-.9(4.44) =0 yrs.
K/A: 4 -4.44 = - 44 yrs



funds daily in the normal course of their busi-
ness, this is not a problem. It is more of a prob-
lem for smaller institutions.

It is important to note that even though an
immunized institution as a whole does not
assume interest rate risk, the durations of the
individual securities on the bank’s balance sheets
need not be matched, and the institution may
still engage in interest rate intermediation in
individual accounts. In our example, the bank
has 30-year mortgages financed in part by one-
year deposits. The reduction in overall risk
exposure is achieved through diversification
across individual securities with different dura-
tions. A portfolio of a given average duration can
be structured from an almost infinite number of
individual securities with different durations.

Active management. Many banks do not
wish to eliminate interest rate risk altogether,
but prefer to manage it. Because accepting risk
exposure assumes that the bank will suffer losses
if interest rates change in the wrong direction,
the decision to accept such exposure presup-
poses that the bank is willing to predict interest
rates and believes it can do so successfully. (If it
is not, it is better off to immunize and to assume
no risk for the same expected return. ) Indeed, to
determine the desired direction and magnitude
of the duration gap, it is necessary, at minimum,
for the bank to forecast the direction in which
interest rates will change. If rates are predicted
to increase, the gap should be negative, so that
the average duration of the assets is shorter than
that of the weighted deposits. This would make
the bank behave as if it were a net liability, whose
value declines as interest ratesrise. The bank will
benefit from an interest rate rise. On the other
hand, if rates are predicted to decline, the insti-
tution would be better off if the gap were posi-
tive. Then the bank behaves like a net asset,
whose value increases as interest rates decline.

Assume the bank predicts that interest rates
will decline. It will restructure its portfolio to
obtain a positive duration gap. The precise value
of the gap it chooses depends on its risk-return
preferences. The larger the gap, the higher the
potential return but the higher also the risk of
loss. The decision as to the precise risk-return
matrix to assume and thus the value of the gap to
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achieve is generally made by the bank’s top man-
agement in consultation with the Asset and Lia-
bility Management Committee. Assume that the
bank predicts that interest rates will decline in
the next period and prefers to accept risk in the
value of its capital consistent with a value of a
positive duration gap of 1 year so that:

Dp -wDhp=1 (6)

It can achieve this value in our example either by
shortening the duration of its assets from 4 to 3.1
years or by lengthening the duration of its depos-
its from 2.3 to 3.3 years. (We again use the
approximate durations.) For every 100 basis
points interest rates decline, the bank’s capital
value will rise by §10 ( 100 basis points x 1 year
gap = 1%of total assets ).

In Figure 7, the bank lengthens the duration
of its deposits on the cash market to 3.3 years by
reducing the dollar amount of one-year CDs
from $500 to $375 and increasing the dollar
amount of five-year CDs from $300 to $525.
Now, contrary to the bank’s expectations, let
interest rates increase by 200 basis points rather
than decrcase. The bank is worse off. Assets again
decline to $927 as before, but the market value of
capital declines by 817 to $83. The bank has lost
its bet on interest rates and has paid the price. At
the same time, its capital-to-asset ratio declines
to 9.0 percent and its net income remains basi-
cally unchanged. Each of these changes is easily
predictable using duration analysis and assuming
alternative interest rate scenarios. As was noted
earlier, to win with an active policy, the bank
must both predict interest rates and be right. As
before, the interest rate increase changes the
durations of the accounts differently and thus
the value of the duration gap. To maintain a gap
of 1 year, or any other target amount, the bank
must restructure its balance sheet accordingly.

The changes in the values of the different
summary accounts for a 200-basis-point increase
in interest rates for alternative value of the dura-
tion gap in terms of capital are summarized in
Figure 8. The changes may even be in different
directions. For example, if the duration gap for
capital is set at 0.5 years, the market value of
capital will decline by about $10 when interest
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Figure 7
Set DGAP for K = 1 year when D =4 and Dp = 2.3

Strategy: Set Dy - (P/A)Dp =1 year
Currently: Dy =4, (P/A) Dp = 2.1 years
DGAPK = 1.9 years

Can satisfy by:
1. Shortening TA to DA = 3.1 years

2. Lengthening P to Dp = 3.3 years [(P/A)Dp =
3.3 and 9Dp = 3]

Can act on:
1. Spot market
2. Futures market

Assume lengthening P on cash market by changing mix:

Assets Dollars* D (yrs.)t | Liabilities Dollars* D (yrs.)}
Cash 100 0 CD (1 yr) 375 1
BL (22 yr.) 400 1.25 CD (5yr) 525 5
ML (30 yr.) 500 7.0 Net worth 100 55

Total 1.000 4.0 Total 1,000 3.5

Deposit duration
375 (1) x 525 (5)
DP = 200 = 3.33 years
If interest rates increase by 200 basis points:
Dollars* Dollars*

Assets Actual Approx'd Liabilities _Actual Approx'd.
Cash 100 100 CD (1yr) 368 367
BL (22 yr.) 390 390 CD (5yr) 476 473
ML (30 yr.}) 437 430 Net worth 83 ﬂ

Total 927 920 Total 927 920

Projected annual income statement

Market
Interest value — Interest — total
yield total assets assets (percent)
Revenues
Cash 2 AR 0.2
Loans 15 .89 13.4 13.6
Expenses
Deposits 13 91 11.8 11.8
Net income 1.8
Summary accounts

K = $83
K/A =9.0%
NI = 1.8%

Analysis (duration gap)
K :4-3=1yr
K/A: 4 -33=0.7yr.

“All accounts are valued at market {(present value)

tApproximate.

Federal Reserve Bank of Chicago

Figure 8

Changes in summary accounts for alternative
duration gaps targeting capital account when
interest rates increase by 200 basis points

GAP Appromeate changes in summary accounts” )
(years) K (K/A) NI
1.9 $-38 -3.1% -0.2%
.0 -20 -1.2 0.0
0.5 -10 -0.2 +0.1
0 0 +0.8 +0.2

*Using Equation 4.

rates increase by 200 basis points, the capital-to-
asset ratio declines somewhat by 0.2 percentage
points, and net income increases by .08 percent-
age points.

Practical problems with applying duration
gap analysis

Although theoretically appealing, duration
gap analysis has some practical problems that
have limited its use to date. Duration gap analysis
imposes strenuous data demands. It requires
complete data on each account (security) or, at
minimum, each homogeneous group of accounts
on the bank’s balance sheet, including not only
information on contract (coupon) interest rate
and maturity but also on when a variable rate
account (security ) can be repriced (its contract
rate changed) before maturity and any con-
straints on the amount by which it can be
repriced. In addition, data on prepayment and
other call provisions; due-on-sale, early deposit
withdrawal, and other put provisions; and any
other options that are included and the condi-
tions for when and how they may be exercised
are required. This information requires full
access to the bank’s account origination files.
The less information on individual accounts that
is available, the less reliable will be the com-
puted duration gaps.

Variable rate contracts and contracts that
contain option provisions have effective maturi-
ties that are shorter than their nominal maturi-
ties. For example, if a 10-year variable rate bond
can be repriced at $100 at the beginning of every
year, its price behavior resembles that of a one-
year bond rather than a 10-year bond. Likewise, a
10-year bond with a call option permitting the



borrower to buy back (prepay) the bond at no
mor¢ than a maximum price will behave like a
shorter term bond when interest rates decrease
so that the probabilities of a call are sufficiently
high. The computation of durations for cash
flows that involve either repricing or the exer-
cise of option provisions requires forecasts of
interest rates to determine when the cash flow
pattern will be changed and by how much. The
best forecasts to use for this purpose are the rate
forecasts that are implicit in the term structure
of interest rates at the time.’

A number of types of bank deposit accounts,
such as demand deposits, savings, NOWs, SNOWs,
and MMDAs, do not have specific maturity dates.
Depositors may redeem these accounts at any
time at par value. The accounts effectively have a
put option exercisable by the holder on the bank
at any time. What are the durations of such de-
posit accounts?

On the one hand, it may be argued that
these are one-day accounts. If market rates of
interest increase and the bank does not raise its
deposit rates accordingly, either in cash or in
services, the depositor may withdraw the funds.
This is particularly likely in a world of increasing
deregulation in which institutions across the
street are able and likely to compete by offering
market rates. The deposits may be effectively
viewed as variable rate accounts that are repriced
at par every day. Unlike our earlier examples,
their market value will never decline below par
value as interest rates rise. Their durations
would be one day. This treatment makes it diffi-
cult for a bank to structure its balance sheet to
produce zero or even small positive or negative
duration gaps.

On the other hand, in the old world of regu-
lation and deposit rate ceilings and to some
extent even today, all deposits are not equally
interest sensitive. If a bank’s deposit rates lag
increases in market rates, all deposits will not
leave the bank immediately. “Core” deposits will
remain for some time and flow out only slowly. It
may be possible to assign accurate probabilities

*For example, if the current interest rate on one-year
fixed rate bonds is 10 percent and on two-year bonds is 11
percent, the implied rate on a one-year bond for delivery
next year is approximately 12 percent.

to the timing of the net outflows, depending on
the difference between the market and deposit
rates. From this it is possible to compute the
effective decline in the market value of the
remaining deposit accounts by assuming them to
be equivalent to certificates of deposits with
maturity dates equal to the predicted outflow
dates. Their durations would also be equivalent
and thus would be longer than one day. If inter-
est rates increase, it is then possible to value
these deposits at less than their par value.

However, the correct duration to assign
these deposits cannot be determined arbitrarily
by the desirability of the assumptions. Rather,
the actual price behavior of the accounts when
interest rates change must be used. Otherwise
the interest rate sensitivity of the bank is mis-
gauged. The correct duration awaits additional
research. (To the extent that interest rate
deregulation has increased the availability of
depositaccounts without specific maturity dates,
it may have made it more difficult for banks to
structure small positive or negative duration
gaps and to decrease their interest rate ex-
posure.)

Because the value of a security’s duration is
determined by the interest rate, changes in
interest rates change its duration and may force a
restructuring of the portfolio in order to main-
tain the desired duration gap. Moreover, even if
interest rates did not change, periodic restruc-
turing is necessary in a dynamic framework
because the durations of coupon securities do
not decline or age at the same rate as does time.
They generally decline more slowly, although at
times duration can increase as time passes. Thus,
the durations of the two sides of the balance
sheet are unlikely to change equally over time
and continual updating or restructuring of the
balance sheet is required. Restructuring, of
course, is costly. But most depository institu-
tions operate, at least in the Fed funds market,
daily, so that restructuring at the margin should
not be much of a burden.

In effect, every day is a new day for manag-
ing the gap. Although there may be long duration
accounts on the balance sheet, the relevant time
horizon for asset and liability management is
only to the next restructuring date. Only in this



interval is the interest rate exposure of the insti-
tution uncertain. The disposition of cash flows
beyond this interval is of no immediate concern
for ongoing institutions. Through time, long
duration accounts become shorter duration
accounts and maturing accounts are, at maturity,
either removed from the balance sheet or rolled
over into the same or other accounts, whose
durations are then included in the gap measure.
At any moment, only an account’s interest sensi-
tivity matters.

We have made a number of simplifying
assumptions in the analysis. One of these was to
assume that the yield curve is flat and that when
interest rates change, they all change by the same
amount. This is highly unlikely. But the duration
measure defined in Equation 1 is dependent on
it. Different and more complex assumptions
about the shape of the yield curve and changes in
interest rates yield different and more complex
measures of duration. If the actual process that
governs interest rate changes, referred to as the
stochastic process, were known, the correct
duration formula could be used. But this process
is not known with certainty. The theory, how-
ever, assumes that the correct duration measure
is used. Moreover, securities of different default
risk classes may be subject to different stochastic
processes. Thus, the bank is likely to use an
incorrect measure of duration and this intro-
duces a source of error.®

In addition, the theory applies strictly only
to securities that are free of the risk of default.
Yet, many bank accounts, particularly on the
asset side, have default risk. This introduces
additional inaccuracies into the computation of
the correct duration measure. Lastly, the analysis
abstracts from transactions costs and taxes.
Introduction of thesc complicates the analysis
further.

Advantages of duration gap analysis

Despite these disadvantages, duration gap
analysis has substantial advantages over alterna-

“The nature of this risk is discussed in G. O. Bierwag,
George G. Kaufman, and Alden Toevs, “Bond Portfolio
Immunization and Stochastic Process Risk,” Journal of Bank
Research, Winter 1983,

tive techniques for measuring interest rate risk
exposure accurately. The most widely used
alternative measure technique involves classify-
ing all asset and liability accounts by their terms
to maturity or to first permissible repricing,
whichever comes first.”? The accounts are grouped
in a number of maturity-period “buckets;” e.g.,
one day, one to three months, three to 12
months, one to five years and so on. Net balances,
or maturity gaps in dollars, are computed for
each bucket. The larger are the net balances in
the shorter maturity buckets, the more interest
sensitive and less price sensitive the institution.

Duration analysis considers the timing of
coupon and other intermediate cash flows as
well as the timing of the final payment at matu-
rity. This is particularly important for mortgages
and other amortized loans for which the inter-
mediate flows are significantly larger than the
final payment. Yet the maturity bucket approach
classifies such accounts only by the date of the
final payment or of the first permissible repricing.

For practical purposes, the number of
maturity categories must be limited. What should
be the maturity cutoffs for each bucket? Should
the shortest-term bucket include accounts ma-
turing or eligible for repricing in 1-30 days, 1-60
days, or 1-90 days? The same question applies to
the other bucket categories. Changing the limits
of the buckets can give a different picture of a
bank’s interest rate sensitivity. Figure 9, which
groups the accounts in the balance sheets shown
in Figure 1 and 6 in a number of alternative ways,
illustrates this problem.

The more limited the number, the wider
the category. But the wider the category, the less
accurate is the informational content of each
category. For example, a category of 6 to 12
months is frequently used, e.g., on the new Fed-
eral Reserve call report. This category would
encompass 182-day securities as well as 364 day
securities. If these were zero coupon single
payment instruments so that the terms to their
maturities were equal to their durations, Equa-
tion 2 indicates that the price sensitivity of the

“Alden L. Toevs, op. cit.; Barrett F. Binder and Thomas W.
F. Lindquist, Asset/Liability and Funds Management at U.S.
Commercial Banks, Rolling Meadows, 1L..; Bank Administra-
tion Institute, 1982.



Figure 9

Alternative maturity gap measures

Maturity
bucket Assets  Liabilities Gap | Assets Liabilities Gap | Assets Liabilities Gap | Assets  Liabilities Gap
(dollars)
A. Balance sheet from figure 1
0-3 mos. 100 o +100
3-6 mos. 0 0 0 s 100 600 -500 E 100 600 -500 500 600 -100
6 mos.-1 yr. 0 600 -800
1-2% yrs. 400 [1} +400 400 o +400 400 300 +100
2Y5-5 yrs. o 300 -300 ] 300 -300
5-10 yrs. o 0 0 0 Q 0 e 500 100 +400 g 500 400 +100
>>=10 yrs. 500 _‘I_th +400 _.')Eq 100 +400 — pe— —— — —
Total 1,000 1.000 0 1,000 1,000 0 1,000 1.000 1] 1,000 1,000 0
B. Balance sheet from figure 8
0-3 mos. 100 o +100
3-6 mos. 0 0 0 ‘ 100 125 - 25 i 100 125 - 25 125  +375
6 mos.-1 yr. ] 125  -125 ; 500
1-2% yrs. 400 [1] +400 400 0 +400 400 775 -375
2'%4-5 yrs. 0 775 =775 0 715 =175 )
5-10 yrs. 0 1] 0 0 1] [} S 500 100 +400 i 500 875 -375
>10 yrs. 500 100 +400 500 100 +400
Total 1.000 1,000 0 1.000 1,000 0 1,000 1,000 '] 1,000 1,000 0

364 day security to a given interest rate change is
exactly twice that of the shorter security. Thus, if
the 182 day security was the only security on the
asset side of the balance sheet and the 364 day
security the only security on the liability side, the
maturity bucket would indicate no gap and no
interest sensitivity. Yet the bank’s liability side
would in fact be twice as price sensitive as the
assct side. In reality, there will be larger numbers
of securities with different maturities in all the
buckets so that the average maturity in each is
unlikely to be at one extreme of the maturity
range. Nevertheless, accuracy is sacrificed.

As noted, the maturity gap analysis yields a
number of gap values equal to the number of
maturity categories used. These individual gaps
cannot be simply summed. The overall degree of
risk exposure is thus difficult to summarize. It is
not readily observable, for example, from any of
the alternative maturity gap groupings in Figure
9B that the balance shect is one that immunizes
the dollar value of capital. The gap in any one
bucket, even the shortest one, is unlikely to be
representative of the overall interest rate sensi-
tivity of the institution. The impact of the value of
the gap in the shortest term bucket can be more
than offset by the value of the gap in the next
shortest bucket, so that the longest gaps can be
in the same direction as the shortest gaps. More

importantly, measured this way, the risk expo-
sure is difficult to manage. A different strategy is
required for each bucket. To immunize, for
example, cash flows must be matched in each
bucket. This involves considerable management
and transactions costs. It js reasonable to assume
that some of the bucket gaps are internally offset-
ting and that the use of external transactions to
achieve the same objective is inefficient. In con-
trast, duration analysis vields a single number
and only a single gap to manage. Any internal
cancelling is already accounted for.

Maturity bucket gaps must generally be
managed with securities in the same maturity
category; e.g., a gap in the 6 to 12 month bucket
can be changed most easily by buying or selling
other securities in this maturity range. This con-
strains management. The larger the number of
buckets used to gain greater accuracy, the more
constrained is management. On the other hand,
duration gaps can be managed with a very wide
range of maturities. For example, as was seen
carlier, the duration of a 30-year amortized fixed
rate mortgage when interest rates are 13 percent
is nearly equivalent to that of a seven-year zero
coupon bond. Moreover, even durations on indi-
vidual securities on the two sides of the balance
sheet need not be equal or different by the size of
the gap as long as the average durations of all
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securities are. The desired target gap value may
be achieved by diversifying among individual
securities of different but offsetting durations.
Thus, bank management has an almost unlimited
choice of maturities and can continue to provide
a range of interest rate intermediation services
to its customers within a given degree of net
interest rate risk exposure to the institution.
Even if the bank wishes to immunize itself, it may
still engage in a wide range of interest rate
intermediation for individual securities; it does
not have to match cash flows in each maturity
bucket. That is, abank can simultaneously engage
in macro immunization and micro interest rate
intermediation and continue to accommodate
its customers, who have a wide range of maturity
preferences, with an equally wide range of
products.

Lastly and perhaps most importantly, the
strenuous data demands made by duration analy-
sis are not any more severe than those that alter-
native systems, including maturity gap analysis,
would impose if they were to be equally accu-
rate. All measuring techniques must forecast
interest rates to know when repricing will occur
and options will be exercised. The relative sim-
plicity claimed for some alternative systems can-
not be obtained by sweeping such problems
under the rug. Only a complete and thorough
cost-benefit analysis can differentiate among the
alternative techniques. Simplicity and reduced
cost is likely to be achieved only at the cost of
reduced accuracy. And, because once a comput-
erized information system is in place it is costly
to change, banks should plan their systems for
asset and liability management models of the
future. Duration-based models are in a relatively
carly stage of development and require further
refinement. They appear, however, a most prom-
ising tool for accurate asset and liability
management.

Summary

Interest rate risk continues to be a problem
of increasing importance to many depository
institutions. In order to manage this risk cor-
rectly, it is first necessary to measure it accu-
rately. This article has discusssed how the re-

Federal Reserve Bank of Chicago

cently developed technique of duration analysis
can be applied to this problem. Duration gap is
both an accurate measure of an institution’s
interest rate risk exposure and, because it is a
single number, a simple concept to manage. But
its application is complex, and the data required
is costly. However, most of these complexities
and costs also apply to alternative measures of
interest rate risk, if they are to be equally accu-
rate, including maturity gap analysis. Banks and
other depository institutions should consider
the use of duration analysis to measure and man-
age their interest rate exposure reliably and to
maximize their long-run profits.

Appendix

Approximate proofs of duration gap measures*

Assume:
1) In market values: A=P +K and A A= AP+AK

2) Allinterest rates for same default risk class securities are the
same and all changes in interest rates are equal.

1. Target account K

Let K = 0 (immunize)

Then from above assumptions: Aaz-Ar
Recall the basic equation: Ai =D, Ai
A
or AA-= _DA Aia
Thus asAiA: Aip DAA:DPP
or DA = (F'/A)DP
=Lt
It follows that DGAP is: Dy - wDp)
2. Target account: K/A
Let K/A =0 (immunize)
Define K/A=c
so K = cA.
Then from above assumptions:
A=P+cA
AAa-ArP+cAn
All -c)=P
And Aan-o=Ap
Using the basic equation with A A= A iP:

DAAU - ) = DpP

or DA = DP.
It follows that DGAP is: (Dy - Dp)

*More detailed proofs are found in F.M. Redington, "Review of the
Principle of Like-Office Valuations,” Journal of the Institute of Actuaries,
1952, pp. 286-340 (reprinted in Gabriel Hawawini, ed., Bond Duration and
Immunization, New York: Garland Publishing Co., 1982, pp. 286-340);
Myron A. Grove, "On'Duration’ and the Optimal Maturity Structure on the
Balance Sheet,” The Bell Journal of Economics, Autumn 1974, pp. 698-709;
and the references cited in footnote 2.
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