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rhe securitization of residential mortgages has been one of the 
biggest growth areas in credit markets during the last decade. In 
recent years the supply of new mortgage securities has far ex-
ceeded the supply of new corporate bonds (see, for example , 
Douglas T. Breeden 1991), and these instruments are being pur-

chased in large part by financial institutions. Indeed, the relatively high re-
turns and absence of default risk has made Government National Mortgage 
Association (GNMA) passthroughs, and their corresponding derivative se-
curities, very attractive investment vehicles for banks in all size categories. 
Holdings of certificates of participation in residential mortgage pools and 
collateralized mortgage obligations by U.S. banks increased tenfold between 
1985 and 1991 (from around $12 billion to $120 billion).1 Moreover, these 
mortgage-related securities now make up about 8 percent of commercial 
bank assets. 

The growing populari ty of mor tgage credit instruments has caused a 
t remendous increase in studies analyzing the unconvent ional cash f low 
characteristics of mortgage-backed securities. Unlike those of a true fixed-
income security (such as a Treasury note or bond), the cash flows to mort-
gages , and therefore mor tgage-backed securi t ies, are inf luenced by the 
homeowner ' s option to prepay the mortgage without penalty. This clause 
makes traditional yield-to-maturity measures unreliable indicators of return 
because homeowners are more likely to prepay after rates have fallen. Myri-
ad approaches have been developed to deal with this problem, including the 
option-adjusted spread and arbitrage-free spread measures of return (see, for 
example, John D. Finnerty and Michael Rose 1991, Lakhbir S. Hayre 1990, 
and Stephen D. Smith 1991). 
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While much work has been devoted to examining 
the relationship between the value of mortgage-backed 
securities and interest rates, there has been much less 
discussion of the interaction between mortgage values 
and the funding techniques traditionally used by banks. 
Regulators concerned about bank and thrift solvency 
should be aware that certain methods of f inanc ing 
mortgage portfolios or securitized mortgage-backed se-
curities may expose institutions to capital losses in both 
high and low interest rate environments.2 

In addit ion, portfol io managers should recognize 
that traditional methods used to hedge the interest rate 
risk of fixed-income securities may be counterproduc-
tive when applied to mortgage-related products. More 
generally, managers of financial institutions may lack 
adequate knowledge of the price/yield relationship as-
sociated with mortgage portfolios. It is important to 
understand that changes in the market values of mortgage-
related assets and the liabilities used to fund them can 
interact in ways that cause unusual swings in the mar-
ket value of equity posit ions. Managers need to be 
aware that the value of such equity (or capital) invest-
ments in mortgage portfolios, even those funded by 
(duration) "matched" liabilities, behaves very differ-
ently from the residual ownership claim in more tradi-
t ional asset/ l iabil i ty combina t ions . Standard return 
measures, even those that are "adjusted" for risk, may 
fail to capture inst i tut ions ' full exposure to interest 
rate fluctuations. 

Practitioners are well aware that funding long-term 
assets with variable-rate liabilities produces exposure 
losses in high-rate environments. This article concerns 
itself with the potential gains and losses f rom issuing 
long-term liabilities to f inance a portfol io of mort-
gages or a mortgage-backed security. It is not simply 
that prepayments alone cause interest rate risk. Rather, 
it is the asymmetric response of prepayments to rate 
changes that exposes the manager to risk in both highl-
and low-rate environments. 

This article reviews the concepts of duration and 
convexity and ways these measures are influenced by 
prepayments.3 The discussion then analyzes how equi-
ty values change with rates for alternative financing 
arrangements. Special attention is paid to a so-called 
"convexity trap" (equity losses in both low- and high-
rate environments) when mortgage-backed securities 
are financed by fixed-rate liabilities. Finally, some so-
lutions to the risk problem are presented. These in-
clude higher initial equity investments and various 
hedging instruments such as interest rate options, in-
terest rate caps and floors, interest-only and principal-
only strip securities, and traded futures contracts. 

Prepayments, Mortgage Values, 
And Negative Convexity 

An investment in a fixed-rate mortgage-backed se-
curity promises a uniform stream of payments over 
the life of the contract. For the moment , suppose that 
the mor tgage ei ther d isa l lows prepayments or that 
prepayments are a f ixed proportion of the mortgage 
pool balance. Chart 1 shows the relationship between 
the market value of this mor tgage-backed securi ty 
and interest rates. (The box on page 23 provides the 
example used to construct Charts 1-6 and Tables 1-2.) 
The absolute value of the slope of this function is of-
ten referred to as the security's duration.4 The dura-
tion measure can be viewed as the weighted average 
maturity of the security, with the weights being the 
present value of each cash flow divided by the present 
value of all the cash flows (the price). Unlike maturi-
ty, which represents only the timing of the last cash 
flow, duration recognizes that some cash f lows will 
be received before maturity and that these timing dif-
ferences influence the security's interest rate sensitivi-
ty. Indeed, as noted earlier, the (percentage) change in 
price as rates change is the duration. Therefore, the 
slope of the line relating price to interest rates (ap-
proximately) equals the security's duration. 

Notice, however, that in the case of the fixed pre-
payment portrayed in Chart 1, the slope (or duration) 
gets smaller as rates increase. This shape implies that 
the security's value is decreasing more slowly as mar-
ket interest rates increase. The change in the duration 
(or rate of change in the price) is referred to as the 
convexity of the security, and in this case the convexi-
ty is positive. Positive convexity implies that the dura-
tion of the security is inversely related to the level of 
interest rates: when rates are high, later payments get 
less weight (in a present-value sense) than when rates 
are low (earlier cash f lows are relatively more valu-
able in high-rate environments). 

By way of contrast, Chart 2 shows the market val-
ue of a mortgage-backed security whose prepayment 
rate (realistically) increases as interest rates decline. 
Notice that the value is still decreasing as rates in-
crease and increasing as rates decline. However, over 
most of this range of rates, the duration of the mort-
gage is increasing as rates increase. Similarly, the du-
ration is decreasing as rates decline. This characteristic, 
called negative convexity, requires that cash flows not 
only increase as rates decl ine but that, at least fo r 
some t ime per iods , they increase at an increas ing 
rate. (The appendix contains a more mathematically 
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Chart 1 
Constant-Prepayment Mortgage 
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Chart 2 
Variable-Prepayment Mortgage 
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rigorous discussion of this issue.) The intuitive expla-
nation for this unusual value/rate relationship as rates 
decline is that prepayments are speeding up at exactly 
the time that these funds must be reinvested at low in-
terest rates. On the other hand, there are few early cash 
f lows in high-rate environments as prepayment rates 
decline or cease altogether. Therefore , the weighted 
maturity measure (duration) is increasing as rates rise 
because less weight is being placed on early cash flows 
when rates are high. Notice, however, that at a certain 
low-rate level prepayments (which cannot exceed 100 
percent) begin to flatten out, and the value/rate relation-
ship may return to one of positive convexity. In other 
words, at some (low enough) interest rate, an increase 
in prepayments is unlikely, and the mortgage portfolio 
behaves like a f ixed-income security. 

The fol lowing discussion analyzes the ways that 
three different financing arrangements might influence 
equity values , depending on whether the funds are 
placed in a true fixed-income security or a mortgage 
with varying prepayment rates. The first financing in-
strument considered is a fixed-term, fixed-rate certifi-
cate of deposit (CD). The duration of this instrument 
is chosen so that liability is initially duration-matched 
with both assets.5 Chart 3A shows both the value of a 
constant prepayment mortgage and the value of the 
C D as a funct ion of interest rates. The distance be-
tween the two curves is the market value of capital. 
Notice that in this case the value of equity is relatively 
constant, regardless of the level of rates, because the 
percentage change in price is the same for both the as-
set and the liability. The duration is also a measure of 
the percentage change in price for a 1 percent change 
in ra tes , and this dep ic t ion is jus t ano ther way of 
showing that the durations of the two securities go up 
and down together as rates change. 

Another deposit source commonly used by banks is 
the f i x e d - t e r m , f i x e d - r a t e depos i t that a l l ows the 
deposi tor to wi thdraw funds af ter paying an ear ly-
wi thdrawa l penalty. These deposi ts typically pay a 
lower rate than no-wi thdrawal deposi ts , a l lowing a 
bigger spread (higher equity value) at par. If rates de-
cline, consumers have no incentive to withdraw and, if 
the liability 's initial maturity is chosen to duration-
match the asset, the market value of equity remains 
relatively constant. However, if rates rise significantly, 
consumers may rationally elect to pay the withdrawal 
penalty in order to reinvest their funds at the new, 
higher rates (see, for example, James H. Gilkeson and 
Craig K. Ruff 1992). At high rates, the market value 
of the bank's equity position may decline or even be-
come negative unless some hedging activity is under-

taken. Chart 3B shows an example of this fund ing 
strategy. 

Finally, Chart 3C shows how the bank may elect to 
fund a constant prepayment mortgage security using 
short-term, floating-rate deposits, such as money mar-
ket deposit accounts (MMDAs) . These accounts typi-
cally pay the lowest rates, offering the highest equity 
value at par.6 If interest rates fall, the rates on these de-
posits fall as well and the market value of the bank's 
equity increases. However, if interest rates rise, the de-
posit rates will also rise (leaving the market-value line 
for deposits flat) and the market value of equity will 
decrease quickly. Under this funding strategy, the bank 
will have to hedge against rising rates. While the mar-
ket value changes shown in Chart 3 (and throughout 
the other graphs) will not immediately show up on an 
ins t i tu t ion 's ba lance sheet (which is in book-va lue 
terms), the lower net cash f lows will eventually dilute 
earnings and, therefore, capital. 

Charts 4A-C consider the same three financing alter-
natives for variable-prepayment mortgages that Charts 
3A-C considered for fixed-prepayment mortgages. In 
Chart 3A, a f ixed- term, no-wi thdrawal deposit was 
shown to "lock in" a positive equity value through dura-
tion matching. Chart 4A shows that, for a mortgage that 
exhibits negative convexity (as discussed previously), 
this kind of asset-liability management is not, by itself, 
feasible. If rates rise, the market value of the mortgage 
security falls more quickly than the cost of the deposits, 
implying a decrease in equity value. As rates decline, 
the market value of the mortgage security increases 
more slowly than the cost of deposits, again implying a 
decrease in equity value. 

For f ixed-ra te , f ixed- te rm deposi t s with a with-
drawal option, the upside-rate risk is similar to that as-
sociated with fixed-prepayment mortgages. However, 
there is also the risk that, if rates fall far enough, the 
slower increase in mortgage value will be overwhelmed 
by the faster increase in the cost of the deposit, entail-
ing a loss of equity value. Chart 4B represents this 
risk.7 

If mortgages are financed by short-term, floating-rate 
deposits, as shown in Chart 4C, the interest rate risks 
are much the same as for financing fixed-prepayment 
instruments. Equity value grows as interest rates de-
crease and falls as they rise. However, a close compar-
ison of Charts 3C and 4C will show that, in this case, 
the increase in equity value is smaller and the decrease 
in equity value is larger for mortgages with variable 
prepayments. However, Chart 4C shows that the insti-
tut ion still has only a one-s ided hedg ing p rob lem 
when using the floating-rate funding strategy. 
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Chart 3 
Mortgage with Constant Prepayments 

Fixed-Rate Funds 
(no withdrawal option) 

Fixed-Rate Funds 
(withdrawal option) 

Floating-Rate Funds 

Note: Shaded areas represent negative equity. 
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Chart 4 
Mortgage with Varying Prepayments 

Fixed-Rate Funds 
(no withdrawal option) 

Value as a Percent of Par 

Fixed-Rate Funds 
(withdrawal option) 

Interest Rate Change 

Floating-Rate Funds 
Value as a Percent of Par 

Interest Rate Change 

Note: Shaded areas represent negative equity. 
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/ l i e Convexity Trap 

It is worthwhile to take a closer look at the implica-
tions of Chart 4A, which demonstrates financing variable-
prepayment mortgages with f ixed-term deposits. By 
traditional asset-liability techniques, the asset and lia-
bility pictured are duration-matched. The market value 
of equity should not change as interest rates rise or 
fall, yet the figure clearly shows that equity decreases 
under any sizable interest rate movement, up or down. 

This seeming paradox can be called a "convexity 
trap," to coin a phrase.8 The duration-matching strate-
gy ignores the e f fec t s of va ry ing p r e p a y m e n t s or, 
equivalently, of negative convexity. Although the du-
ration of the mor tgage and the deposi t are initially 
matched (at the face interest rate), the convexities are 
of opposite signs (the mortgage is negatively convex, 
and the deposit is positively convex). As rates fall, the 
deposit curve becomes steeper as the mortgage curve 
gets flatter. Similarly, when rates rise, the mortgage 
curve gets steeper and the deposit curve flattens. The 
durat ions are no longer matched at rates other than 
par, implying that equity cannot be held constant ex-
cept by using hedging instruments, which protect eq-
uity f rom large swings in interest rates, either up or 
down. Of course, the magnitude of potential losses in 
low-rate environments is limited (because nominal in-
terest rates generally do not fall below zero). (See the 
box on page 23.) 

.Equity Cushions and Off-Balance-
Sheet Hedging Instruments 

Purchasers of mortgage-backed securities can try to 
protect themselves from losses associated with large 
interest rate swings in a variety of ways. The most 
s traightforward involves reducing the leverage ratio 
used to fund the security. In this case, the initial equity 
cushion is a higher percentage of par value. Charts 
5A-C compare three initial equity positions: 10 per-
cent, 5 percent, and 3 percent of the purchase price, re-
spectively. The liability used is the fixed-rate deposit 
with a no-withdrawal clause, but the same idea would 
apply with early withdrawal as well. The extreme cas-
es can be seen by comparing Chart 5 A with Chart 5C. 
With a 10 percent initial inves tment , the bank can 
withstand rate movements over a 9 percent range and 
still retain a positive market value of equity. Alterna-
tively, Chart 5C shows that with a 3 percent initial in-

vestment the equity value of the position will turn neg-
ative if rates either decline by roughly 1.5 percent or 
increase by 3 percent. Moreover, as noted earlier, this 
relatively small rate window would persist even if the 
original par interest rate were 9 percent or 10 percent. 
For e x a m p l e , p u r c h a s e r s of 9 p e r c e n t m o r t g a g e -
backed securities who fund with 3 percent equity capi-
tal, with the r ema inde r being funded by 7 percent 
fixed-rate liabilities, could encounter a negative equity 
position (in market-value terms) if rates should fall to 
around 7.5 percent. Keep in mind that the prepayment 
assumptions used here are relatively conservative, so 
the potential problem could be more severe than that 
shown in Chart 5C. 

Other alternatives for hedging the convexity trap in-
volve the use of off-balance-sheet instruments. For ex-
ample, the portfolio manager could purchase interest 
rate caps and floors. An interest rate cap is an agree-
ment whereby one party agrees, for an up-front fee, to 
pay a counterparty the difference between market inter-
est rates and some base rate, in the event that future 
market rates should rise above the cap rate. Conversely, 
an interest rate floor can be purchased that pays off the 
difference between a base rate and market rates should 
future interest rates fall below the floor. Such instru-
ments are not costless. However, the simultaneous pur-
chase of an interest rate cap and floor at the ends of the 
interest rate range would provide some insurance against 
large rate swings and, therefore, the negative convexity 
of the mortgage. In this case, the net hedged position 
(the market value of the mortgage plus the caps and 
floors minus the cost of the deposit) would remain posi-
tive. Peter A. Abken (1989) and Keith C. Brown and 
Donald J. Smith (1988) provide good introductions to 
the mechanics of interest rate caps and floors. 

A less esoteric, but potentially useful , approach to 
hedging these convexity-induced swings in value in-
volves the purchase of put and call options on Trea-
sury bonds. Chart 6 shows the hedged and unhedged 
value of equity as a function of interest rates fo r the 
du ra t ion -ma tched f u n d i n g strategy. T h e unhedged 
curve is simply the di f ference between the asset and 
liability value curves in Chart 5B. The initial equity 
position is 5 percent of assets. The options are puts 
and cal ls on a th i r ty -year , 8 pe rcen t c o u p o n - r a t e 
Treasury bond. The strike prices are 90 (for the put) 
and 110 (for the call). The hedged market value of 
equity funct ion shows that purchasing such puts and 
calls can be used to lock in the market value of equi-
ty. The assumption used in Chart 6 is that the up-
front cost of purchasing the options is 1 percent of 
the m o r t g a g e ' s par value. Therefore, the net market 
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Chart 5 
The Convexity Trap under Varying Initial Equity Positions 

1 0 % Initial Equity 

Value as a Percent of Par 

Interest Rate Change 

5 % Initial Equity 

Interest Rate Change 

3 % Initial Equity 

Interest Rate Change 
Note: Shaded areas represent negative equity. 
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Chart 6 
Market Value of Equity 
(Hedged versus Unhedged) 

Interest Rate Change 

Note: Shaded areas represent negative equity. 

value of equity is lower than 5 percent (5% - 1% = 4%) 
but still roughly constant. 

A third off-balance-sheet hedge involves principal-
only and interest-only securities. As their names im-
ply, these con t rac t s pay off only as a f unc t i on of 
principal and interest payments on the mortgage pool, 
respectively. When properly priced, the market value 
of an interest-only security plus that of a principal-
only security must equal the value of the mortgage-
backed security when purchased alone. Not surpris-
ingly, the va lue of in te res t -on ly secur i t ies tend to 
move directly with interest rates because in high-rate 
env i ronment s p repayments tend to s low down and 
more interest income is received during the life of the 
contract. On the other hand, the value of principal-only 
securities tends to move inversely with rates. When 
rates fall, the values tend to rise as principal repay-
m e n t s speed up and the d i scount rate fac tor fa l ls . 
Thomas J. O'Brien (1992) provides a discussion of the 
valuation of interest-only securities, principal-only se-
curities, and whole mortgages. 

A final off-balance-sheet hedging alternative would 
be to create a short position in the Treasury bond fu-
tures market. For small interest rate changes it is pos-
sible to estimate the change in the mortgage portfolio 

value (including the effect of changing prepayment 
rates) with some precision. As stated earlier, the value 
of the mortgage portfolio will increase as rates fall and 
decrease as rates increase. Conversely, the short fu -
tures position will increase in value as rates rise and 
decrease as rates fall. Because futures are not subject 
to prepayment risks, the change in value given a par-
ticular rate movement is known. The proper strategy is 
to short (sell) a specific number of contracts so that, if 
rates rise, the loss in value to the mortgage portfolio is 
approximately offset by the gain in value to the futures 
contracts and vice versa if rates fall. 

Each of these strategies has some advantages and 
disadvantages. The use of higher capital ratios is the 
most straightforward, but it involves the opportunity 
cost of allocating capital for this purpose. Purchasing 
interest rate caps and floors or T-bond puts and calls 
is much like purchasing an insurance policy.9 For a 
fixed fee, paid up-front, the risks f rom both upward 
and downward rate movements are covered. Howev-
er, these insurance-type contracts present three potential 
problems. First, because options tend to be short-term (at 
most nine months), the "insurance contract" must be 
rewritten in no more than nine months at an unknown 
future "premium." Second, options can often be the 
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A n E 

The graphs presented in this article are constructed 
using representative mortgage asset and deposit liability 
pools and a set of conservative mortgage prepayment 
and deposit withdrawal assumptions. On the asset side, 
it is assumed that the bank holds a $1 mill ion pool 
of 8 percent mortgages, all currently at par. For Charts 1 
and 3A-C, a constant annual prepayment rate of 6 per-
cent is used. This rate is equivalent to 100 percent of the 
Public Securities Association rate, a prepayment rate 
standard developed in the 1970s. Although a constant 
level of prepayments will cause the mortgage pool to 
mature faster, the convexity characteristics, as shown in 
these four graphs, are similar to those of a coupon-paying 
annuity (that is, they exhibit positive convexity). 

Charts 2 and 4A-C incorporate a prepayment sched-
ule in which prepayment rates rise as mortgage rates fall 
(see, for example, Smith 1991) and vice versa. Table 1 
shows mortgage values, as a percentage of par, for vari-
ous market rate changes. The first column shows the al-
ternative market rates for mortgage-backed securities. 
Prepayments are assumed to be 6 percent at par. The sec-
ond and third columns provide the constant prepayment 
rate and the corresponding market value of the mortgage-
backed security (shown in Chart 1). The fourth column 
shows moderate changes in prepayment rales as interest 
rates change, and the fifth column provides the corre-
sponding market value. The fifth column is represented 
in Chart 2. Finally, the sixth and seventh columns show 
"fast" prepayments and corresponding market values, re-
spectively. If charted, the last column would look similar 
to Chart 2, differing in that would display more negative 
convexity. 

The convexity trap displayed here is not dependent on 
mortgage rates falling to 4 percent. Table 1 could be recon-
structed using a 10 percent coupon rate and the risk of neg-
ative equity would still exist for rate declines of 2 percent 

to 3 percent (that is, market rates of 7 percent to 8 per-
cent). It is the market rate relative to the coupon rate, 
rather than the absolute level of rates, that causes the rela-
tionship between prices and rates to be negatively convex. 

On the liability side. Charts 3A-C and 4A-C compare 
the effect on equity of three funding alternatives. In each 
of the three cases, the market value of the cash flows is 
calculated using a discount rate equal to the current 
mortgage rate minus 2 percent (200 basis points). In 
Charts 3A and 4A, a pool of eight-and-a-half-year, 6 
percent interest bank notes, making monthly coupon 
payments, is considered. These deposits may not be with-
drawn under any circumstances. This maturity was cho-
sen because it is dura t ion-matched (when var iable 
prepayment effects are ignored) with the thirty-year, 8 
percent mortgage. In Charts 3B and 4B, another pool of 
eight-and-a-half-year, 5 percent interest bank notes mak-
ing monthly coupon payments is utilized for funding 
purposes. These deposits may be withdrawn upon pay-
ment of a penalty equal to two years' interest (or 10 per-
cent). Note that the market value of the deposit flattens 
out at 90 percent of par (which is 100 percent minus the 
10 percent penalty for early withdrawal). 

Finally, in Charts 3C and 4C, a pool of floating-rate 
deposits is used. The deposit rate is equal to the fixed-
term deposit rate minus 3 percent. Note that the market 
values of these floating-rate deposits remain constant, at 
less than par, over all interest rates. These are a cheap 
source of funds, but they always cost the same relative to 
the current mortgage rate. In summary, Charts 1, 2, 3A-C, 
and 4A-C were not constructed using extreme data as-
sumptions. The convexity effects of actual mortgage and 
deposit prices should be the same or greater than those 
seen here. For completeness, Table 2 shows the market 
value of the alternative funding sources as a function of 
market rates. 

most expensive method of hedging interest rate risk. An 
opt ion , by nature , can never be wor th less than zero. 
The price of the option reflects this limited liability. Fi-
nally, as these instruments are based on Treasury rates, 
their values ref lect posi t ive convexi ty while, as stated 
earlier, mor tgage portfolios of ten exhibit negative con-
vexity. As can be seen in Chart 6, opt ion-hedged equity 
values cont inue to show some volatility. T h e remaining 
convexi ty mismatch can, however , be corrected by pur-
chasing a series of options at different strike prices. 

Tt is o f t en a rgued that in teres t -only secur i t ies and 
p r inc ipa l -on ly secur i t ies p r o v i d e the bes t p ro t ec t ion 
f o r p r e p a y m e n t r i sks b e c a u s e t h e s e i n s t r u m e n t s a re 
sub jec t to the s a m e p r e p a y m e n t e f f ec t s as m o r t g a g e 

por t fol ios . Further , as the interes t -only securi t ies and 
p r i n c i p a l - o n l y s e c u r i t i e s a r e b a s e d o n t h i r t y - y e a r 
mor tgage pools , the h e d g e pos i t ions d o not have to be 
f requent ly rewri t ten (in contrast to op t ion-based strate-
g ies) . H o w e v e r , this a p p r o a c h is subjec t to a s o m e -
w h a t s u b t l e , t h o u g h q u i t e i m p o r t a n t , r i s k . W h e n 
h e d g i n g w i t h o p t i o n s or f u t u r e s con t rac t s , the on ly 
p r e p a y m e n t r isk c o m e s f r o m the m o r t g a g e por t fo l io 
be ing hedged . Whi l e p r e p a y m e n t rates can be es t imat-
ed f o r a l t e r n a t i v e f u t u r e in te res t ra tes , t hey c a n n o t 
be e x a c t l y p r e d i c t e d . If h e d g i n g is u n d e r t a k e n u s i n g 
in teres t -only secur i t ies and pr inc ipa l -only secur i t ies , 
three p r e p a y m e n t ra te s chedu le s m u s t be e s t ima ted , 
o n e e a c h f o r the m o r t g a g e p o r t f o l i o , the m o r t g a g e 
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Table 1 
Discounted Present Value of Thirty-Year Mortgage-Backed Security (MBS) 

Cash Flows for Alternative Prepayment Rates 
(8 percent coupon rate) 

Current 
Mortgage Constant Prepayment Moderate Prepayment Fast Prepayment 

Rate Rate M B S Value Rate M B S Value Rate M B S Value 

4% 0.06 132.82 0.18 117.18 0.42 108.52 
0.06 127.74 0.18 114.72 0.42 107.38 

5% 0.06 122.98 0.18 112.37 0.42 106.26 
0.06 118.53 0.16 110.96 0.36 105.88 

6% 0.06 114.35 0.14 109.36 0.30 105.40 
0.06 110.43 0.12 107.52 0.24 104.75 

7% 0.06 106.74 0.10 105.40 0.18 103.82 
0.06 103.27 0.08 102.92 0.12 102.39 

8% 0.06 100.00 0.06 100.00 0.06 100.00 
0.06 96.91 0.054 96.81 0.054 96.81 

9% 0.06 94.00 0.048 93.58 0.048 93.58 
0.06 91.24 0.042 90.31 0.042 90.31 

10% 0.06 88.63 0.036 87.00 0.036 87.00 
0.06 86.18 0.030 83.66 0.030 83.66 

11% 0.06 83.81 0.024 80.27 0.024 80.27 
0.06 81.58 0.018 76.85 0.018 76.85 

12% 0.06 79.46 0.012 73.38 0.012 73.38 
0.06 77.44 0.006 69.88 0.006 69.88 

13% 0.06 75.52 0.000 66.33 0.000 66.33 

pool on which the interest-only security is based, and 
the mortgage pool on which the principal-only securi-
ty is based. If actual prepayments vary widely across 
groups of mortgages the hedge may, on net, be much 
less effect ive in practice than alternative strategies. 

T h e principal advantage of hedging with fu tures 
contracts is the low up-front cost. Futures positions are 
always entered into at the current market price so that 
the only initial cost is the exchange transaction fee. 
Fur ther , as the risk of upward and d o w n w a r d rate 
movemen t s is retained, no " insurance" fee is paid. 
However, futures contracts are marked to market, with 
the gains or losses paid each day. With options, daily 
gains and losses are experienced only on paper until 
the instrument is exercised or sold. A further problem 
with fu tu res -based hedg ing , as with opt ions-based 
hedging, is that the underlying instrument is a Trea-
sury bond, which exhibits positive convexity. As rates 
change, it is necessary to adjust the hedge ratio (change 
the number of futures contracts held). Specifically, as 
rates rise (and T-bond prices fall) it is necessary to 

short (sell) additional contracts. Conversely, as rates 
fall (and T-bond prices rise) the short hedge position 
must be decreased, requiring that some contracts be 
bought. Futures-based hedging is often referred to as a 
dynamic hedging strategy because of the need for con-
tinual ad jus tment of the hedge posit ion. This point 
brings out a final concern with futures-based or dy-
namic hedging. What if rates move up and then move 
back d o w n ? Accord ing to the strategy, a m a n a g e r 
would first short additional contracts (at the low price) 
and then buy back those contracts (at the high price). 
Buy high and sell low is not general ly a prof i table 
business strategy. A manager must, however, weigh 
these potential losses against the higher up-front cost 
of purchasing options. 

In summary, there is no clear-cut best hedging strate-
gy. Users must weigh the fixed costs of each choice 
against the risks of differing prepayments or high interest 
rate volatility. Finally, transactions and monitoring costs 
of frequent adjustments to the hedge ratio must be con-
sidered. 
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Table 2 
Discounted Present Value of Potential Funding Sources 

Current Deposit Eight-and-a-Halt" Eight-and-a-Half Money Market 
Mortgage Discount Year Year Banknote with Deposit 

Rate Rate3 Banknote1' Withdrawal Provision0 Account0 

4 % 0.020 131.24 123.42 96.20 
0.025 126.78 119.13 96.20 

5 % 0.030 122.48 114.99 96.20 
0.035 118.36 111.01 96.20 

6 % 0.040 114.39 107.20 96.20 
0.045 110.58 103.53 96.20 

7 % 0.050 106.91 100.00 96.20 
0.055 103.39 96.61 96.20 

8 % 0.060 100.00 93.35 96.20 
0.065 96.74 90.22 96.20 

9 % 0.070 93.61 90.00 96.20 
0.075 90.59 90.00 96.20 

1 0 % 0.080 87.69 90.00 96.20 
0.085 84.91 90.00 96.20 

1 1 % 0.090 82.22 90.00 96.20 
0.095 79.64 90.00 96.20 

12% 0.100 77.16 90.00 96.20 
0.105 74.77 90.00 96.20 

13% 0.110 72.47 90.00 96.20 

a It is assumed that the proper discount rate for all liabilities is the eight-and-a-half-year optionless certificate-of-deposit rate. 
h This is a fixed-term (eight-and-a-half years), fixed-rate (6.0 percent) certificate that cannot be withdrawn. 
c This is a fixed-term (eight-and-a-half years), fixed rate (5.0 percent) certificate that can be withdrawn. The withdrawal penalty is two 

years' interest (2 • 5% = 10%). The assumption used is that the balance will be withdrawn and reinvested whenever the discounted pre-
sent value falls below 90 percent of par. 

d This is a demand deposit paying the current eight-and-a-half-year rate minus 3 percent (300 basis points). 

Conclusion 

Mortgage-backed securities have become popular 
investment vehicles for managers of financial institu-
tions. Much has been written about prepayment op-
tions and how to adjust return measures to reflect this 
variable. This article has provided an introduction to 
the interactions between variable prepayments and the 
choice of liabilities used to fund investments in mort-
gage securities. The discussion highlights the fact that 
variable prepayments often cause mortgage durations 
to react to interest rate changes in a fashion opposite 
that of a true f ixed-income asset. The negative con-
vexity of the mortgage creates a situation in which 
an inst i tut ion that f u n d s mor tgage purchases with 
duration-matched liabilities may expose itself to capi-
tal losses should rates either increase or decrease dra-
matically. This convexity trap is contrasted with the 

alternative strategy, which uses floating-rate securities 
to fund the purchase of the mortgage-backed security. 
In the latter case the institution faces losses only if in-
terest rates should increase. The examples presented 
show the possibility of negative equity values for rate 
decreases as small as 150 basis points below the face, 
or par, interest rate. Methods for hedging convexity 
risks are discussed, and it is shown that increasing 
capital ratios or off-balance-sheet instruments can off-
set much of the risk of negative net worth positions in 
mortgage-related investments. 

Managers should be aware that the interest rate risk 
of funding mortgage-backed securities with fixed-rate 
liabilities is more, rather than less, complex than using 
floating-rate securities to fund the same mortgage pur-
chase. This fact does not mean that mortgage-backed 
securities should be funded short-term and the net po-
s i t ion l e f t u n h e d g e d , h o w e v e r . Ra the r , m a n a g e r s 
should realize that they are carrying up- and downside 
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risk should they fund the same mor tgage -backed secu-
rity wi th dura t ion-matched liabilities. 

In c o n c l u s i o n , asse t / l i ab i l i ty d e c i s i o n s s h o u l d be 
m a d e jo in t ly . Re la t ive va lue m e a s u r e s of m o r t g a g e -
backed securi t ies (such as the op t ion-ad jus ted-spread 
measure) assume that the mor tgage is dura t ion-matched 
wi th s o m e base security. Th is art icle shows that, un-
fo r tuna te ly , f o r a n y t h i n g m o r e than ve ry smal l r a te 
c h a n g e s , such m a t c h i n g does no t lock in the m a r k e t 
va lue of capi tal for purchasers of var iable p repaymen t 
mor tgage por t fo l ios or mor tgage -backed securit ies. In-

deed , in this case the actual return on invested capi tal 
in the m o r t g a g e - b a c k e d secur i ty m a y fal l b e l o w the 
e x p e c t e d re turn in both h igh - and l ow- ra t e env i ron-
ments . M a n a g e r s should be sensi t ive to the convex i -
ties of al ternat ive mor tgage -backed securi ty pools and 
h o w m u c h of the reported excess re turn is compensa -
tion fo r this r isk. L ikewise , regula tors should be a w a r e 
t h a t a d u r a t i o n - m a t c h e d i n v e s t m e n t in m o r t g a g e -
backed securi t ies does not necessar i ly ref lect the s a m e 
interest rate risk as, say, a ma tched posi t ion in Trea-
sury bonds . 

A p p e n d i x 

This appendix contains a simple presentation of the 
condition necessary for variable-prepayment mortgages 
to have the negative convexity property discussed in the 
text. For simplicity, let the term structure be flat and let 
the expected cash flow per period from the mortgage port-
folio be C{. O'Brien (1992), for example, shows what Ct 

would be in terms of a constant-prepayment rate and a 
fixed-coupon rate on the mortgage pool. Notice that if the 
prepayment rate is a function of market interest rates (not 
a constant), then C ; will vary as market rates change. If 
the term structure is flat, the mortgage price is just 

,=N f 
p = y - ^ - 7 , (o 

¿ f a + r y 
where r is the market yield to maturity, X is the sum op-
erator, N is the maturity, and P is the price. 

Because the analysis of duration and convexity are in 
percentage terms, it is convenient to use the continuously 
compounded rate i, i = ln( 1 +r), where ln(») is the natural 
log function. Taking the derivative of ln(P) with respect 
to / yields a measure of duration, 

d\nP 
di 

(d\nCt 

I di 
-t\w (2) 

where D is the duration and wf is the present value of pe-
riod t's cash flow divided by the sum of the present value 
of the cash flows (the price). If (d\nC)/(di) = 0 for all pe-
riods t, as would be the case with either no prepayments 
(Cl = C) or a constant prepayment rate, equation (2) is just 
the standard measure of duration, 

t=N 
D = I(m-). 

In any case, it is the change in duration with respect to in-
terest rates that is of interest here.1 

Taking the derivative of equation (2) with respect to i 
and doing some algebra results in 

d2 I n f 
di2 

I —/v 

= 2 
f dlnC, 

di 

l=N d2\nC 
di' 

w. ( 3 ) 

Notice that the first term on the right-hand side is the 
sum of squared terms multiplied by positive numbers 
(the w ( 's). Therefore, it is always positive. So, unless 

t=N 
| {[(d2lnCt)/(di2)]wt} <0, 

the mortgage will display positive convexity (similar to a 
fixed-income security). In order to get negative convexity, 
the percentage change in the cash flows must, on average 
(with weights w) decrease at an increasing rate as interest 
rates rise. Put another way, the variable-prepayment func-
tion must be such that on average the cash flows are in-
creasing at an increasing rate as interest rates fall. This 
property alone is not enough, of course, because the first 
term is always positive. 

Finally, the fact that the price, P, is a monotone in-
creasing function of InP and r is monotone increasing in 
i establishes that the price itself will have the same quali-
tative properties with respect to i that In/5 does. These 
facts establish the link between the pictures in the text 
(relating P and r) and equation (3) in this appendix. 

Note 

l.Note that the standard duration measure will, however, differ 
for the zero-prepayment and constant-prepayment rate scenar-
ios because for C( = C (a constant), 

l=N 
w, = [ 1/(1 + r)']/{ g [1/(1 +/•)']}, 

while for C, * C, 

w, = [C,/( l+r) ' ] /{I [C,/(l +/")'])• 
i=N 
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Notes 

1. Because of their tax advantages (as qualifying real estate as-
sets for thrifts) and flexibility, one of the largest growth rates 
in holdings has come from a particular type of collateralized 
mortgage obligation—namely, real estate mortgage invest-
ment conduits, or REMICS. 

2. The terms mortgage portfolio and mortgage-backed security 
will be used interchangeably when there is no ambiguity. 

3. Bartlett (1991, chap. 7), provides an alternative introduction to 
these concepts in the context of mortgage-related securities. 

4. Technically, the slope of the function displayed in the fig-
ures is minus the duration multiplied by the price. Duration 
measures percentage changes. 

5. More specifically, a deposit is chosen such that the resulting 
duration of equity is zero. It can be shown that DE = DA~ 
(L/A)Dl, where LI A is the liability (L) to asset (A) ratio in 
market value terms, DE, DA, and DL are the duration of equi-
ty, assets, and liabilities, respectively. Choosing DE = 0 is 
consistent with the idea that investors have a very short-term 
horizon. See, for example, Smith and Spudeck (1993, chap. 
8) for a discussion of this point. As an example, consider a 
fifteen-year, 8 percent coupon mortgage. If prepayments are 
fixed at 6 percent annually, this asset has a duration of four 
and three-fourths years, or fifty-seven months. If the initial 

equity investment is 5 percent, then L/A equals .95. Setting 
Dh = 0 implies that Dt is equal to sixty months or five years. 
Therefore, a five-year, pure-discount CD will roughly "duration-
match" a fifteen-year mortgage. The result should be a steady 
equity value, assuming these fixed prepayments of 6 percent 
annually (similar to that portrayed in Chart 3A). Keep in 
mind, however, that the durations of amortizing instruments 
(like mortgages) and nonamortizing instruments (like CDs) 
change at different rates through time. Therefore, hedges 
must be periodically adjusted. This scenario is discussed in 
more detail in a later section. 

6. The implicit assumption is that the liquidity preference theo-
ry of the term structure is true (see, for example, Abken 
1990), indicating that, on average, funding short-term is 
cheaper than funding long-term. 

7. The withdrawal option given to depositors in this case allows 
the bank to offer a lower rate when compared with the case 
portrayed in Chart 4A. This provision allows an equity cush-
ion vis-à-vis the no-withdrawal case. 

8. The term is used because it seems representative of the price 
behavior associated with large changes in interest rates. 

9. These strategies are almost identical, though the instruments 
trade on different exchanges. 
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