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W J ntil 1984, the U.S. Treasury typically issued callable long-term 
I / bonds, a number of which remain outstanding. Corporations and 

t I agencies also commonly issue bonds in callable form.1 Issuing 
• J bonds with the "cal l" option offers the Treasury and corpora-
V ^ tions the advantage of being able to retire bonds early, thus pro-

viding flexibility in their financing, or to refinance at lower rates should 
interest rates decline. However, this advantage to the issuer is offset by the 
higher return that bondholders require on callable bonds. 

An issuer 's decision to call a bond has important implications. In call-
ing a bond, the issuer gives up the option to call it at a later t ime that may 
be even more advantageous. By not calling when it should, an issuer pays 
more in interest than is necessary, yet if the issuer calls too soon, it pays 
too much to repurchase the bond, thus throwing away money. 

There is an extensive literature on how bond issuers should, and in 
practice do, call outstanding bonds. These works suffer f rom a generally 
shared oversight. Jonathan E. Ingersoll, Jr. (1977), Joseph D. Vu (1986), 
and Francis A. Longstaff (1992), as well as others in the literature, have 
assumed that bonds are immediately callable, perhaps after the expiration 
of a call protection period, when in fact Treasury and many other bond 
calls require prior notification by the issuer of the intent to call. Ingersoll, 
who looked at calls of convertible corporate bonds, and Vu, who examined 
nonconvertible corporate bond calls, found that corporations appeared to 
delay calling their bonds well beyond what they considered the optimal 
time to do so. Longstaff found that Treasury bonds traded at prices well 
above what was thought sufficient to trigger a call. However, the notifica-
tion period required before a call option is exercised renders the naive 
rules for when to call used in these works incorrect, as shown by Robert R. 
Bliss and Ehud I. Ronn (1995). Taking the notification period into account 
explains the puzzling "anomal ies" observed by Longstaff . By extension, 
the observed behavior of corporat ions in not call ing their bonds when 

Federal Reserve Bank of Atlanta Economic Review 9 Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis

November 1995



Ingersoll, Vu, and others thought it rational to do so 
may be in part an outcome of the same effect . 

To decide whether to call, an issuer should consid-
er the current level of interest rates as well as their 
volatility. For a call to be optimal fo r the Treasury, 
interest rates must be sufficiently low (relative to the 
callable bond's coupon rate) and the potential bene-
fits of wait ing—on the chance of even lower interest 
ra tes—should be insufficient to compensate for the 
costs of cont inuing to pay the higher coupon rate. 

Treasury bonds represent a liability to 

the Treasury. In making an economically 

rational call decision , the Treasury 

should act to minimize the net present 

value of this liability. 

Based on Bliss and Ronn (1995), this article develops 
the arguments underlying these rules in the context of 
Treasury call decisions and demonstrates their appli-
cation using a numerical example. 

Examination of Treasury call decisions concludes 
that, at least in recent years, the Treasury has called 
bonds optimally. The model discussed herein speci-
fies conditions under which the Treasury should call 
ou t s t and ing ca l lable b o n d s in the fu tu re . T h e ap-
proach presented for implementing the decision rule 
can be used for other deferred-exercise options such 
as corporate, agency, and municipal callable bonds 
and may also be applied to the valuation of callable 
and puttable securities. 

BfgWaMBrtaUtHW 

The Historical Record 

U.S. Treasury callable securities are characterized 
by several features: 

• Time to maturity. The Treasury has issued three 
ca l l ab le no t e s wi th ma tu r i t i e s of up to f i ve 
years and eighty-seven callable bonds with ma-
turities of up to thirty years. The Treasury has 
also issued a callable perpetuity that was retired 
in 1935.2 

• Call Period. All such instruments are character-
ized by an initial call protect ion period, af ter 
which the bonds are ca l lable on any coupon 
p a y m e n t da te up to m a t u r i t y . F o r d i f f e r e n t 
callable instruments, this call period has varied 
f r o m two to f i f t een years . Current ly, all out-
standing callable Treasury bonds have a call pe-
riod of f ive years. 

• Prior Notification Period. All callable Treasury 
securities require the Treasury to provide prior 
notice of its intent to call the bond. Excepting^ a 
few bonds issued prior to 1922, this notification 
period has always been four months. 

Table 1 displays the eighty-eight callable securi-
ties issued by the U.S. Treasury since 1917. It shows 
that the five-year call period did not become standard 
until 1962. Issuance of callable bonds ceased with the 
inception of the Treasury STRIPS program in 1985.3 

The next callable Treasury bonds to enter their call 
periods are 8 percent coupon-rate bonds maturing on 
August 15, 2001, and callable beginning in August 
1996—refer red to as the 8 ' s of Augus t 1996-2001 
(the exact date is implicit since, currently, all out-
s tanding bonds mature on the f i f teenth of their re-
spective maturity months). These bonds have a total 
face value of $1,485 billion. The notification date for 
the first call opportunity for this bond is Apri l 17, 
1996. The remaining sixteen callable issues do not 
enter their call period until May 2000, and the last 
callable bond, the ll3/4's of November 2009-14, is-
sued in 1984, is not cal lable until 2009 and if not 
called will mature in 2014. 

Making an Optimal Call Decision 

When the Treasury calls a bond, it has made a de-
cision to exercise the option granted it in the terms 
of the bond. After reviewing the optimal exercise of 
s tandard Amer ican opt ions that may be exerc ised 
immediately and at will by the optionholder, this dis-
cussion turns to the complications resulting f rom the 
contractual obligation to provide prior notification of 
intent to call, which limits the Treasury ' s rights to 
call the bond. Box 1 on page 10 works through a nu-
merical example of how to make the call decision 
and simultaneously determine the bond ' s fair value. 

Early Exercise of American Options. Most op-
tions, such as call options on shares of stock, come 
in one of two forms: a European-style option, which 
may be exercised only at its expiration date, and an 
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American-s tyle opt ion, which may be exercised at 
any t ime up to and including expiration. The optimal 
exercise rule for a European option is trivial: if, at the 
option's expiration, exercise would result in a positive 
cash f low to the optionholder, then the option should 
be exercised. The same rule applies to an American 
option at its expiration if it has not been exercised. 

The question of whether to exercise an American 
option prior to expiration requires further analysis. 
The value of an option may be broken down into two 
parts. The first part is the option's "intrinsic value," 
which is the immediate exercise value. If the option is 
"in-the-money"—that is, if the price of the underlying 
asset is above the exercise price for a call option (be-
low for a put option)—immediate exercise would re-
sult in a positive cash flow to the optionholder in the 
amount of the difference between the value of the un-
derlying asset and the strike, or exercise, price stipu-
lated in the option contract. An "out-of- the-money" 
option (for which the price of the underlying asset is 
below the exercise price for a call and above for a put) 
is one for which immediate exercise would result in a 
loss to the optionholder. Since the optionholder can 
choose whether or not to exercise, an out-of-the-money 
option would never be exercised and thus has an in-
trinsic value of zero. 

However, an option is typically worth more than 
its intr insic value. Before an American option ex-

pires, the optionholder has a choice, and that choice 
has value. The value of being able to defe r the ex-
ercise decision is called the t ime value of the op-
tion. This value is usually positive and never negative 
since the optionholder has the right to choose whether 
to exercise. As the option approaches its expiration 
date, the time value erodes until, at expirat ion, the 
time value is zero and the option value equals the in-
trinsic value.4 

The total value of an option is the sum of its intrin-
sic and time values, as Chart 1 illustrates for a call op-
tion. For this reason, out-of-the-money options, which 
would not be exercised at this time, usually still have 
positive market values. In these cases, the intrinsic 
value is zero, but the time value is positive because 
there is some chance that the price of the underlying 
asset may change so that the option moves into-the-
money prior to its expiration. If that chance is small, 
for instance when the time to expiration is short, then 
the time value will be commensurately small. 

With free-standing (traded separately f rom the un-
derlying asset) Amer ican opt ions , an opt ionholder 
can get out of his or her position either by exercising 
or selling the option. As long as the t ime value is 
positive, it is more profitable to sell and the option 
will not be exercised. But when the t ime value has 
been eroded to zero, the option should be exercised if 
it is both American-style and in-the-money. 

Chart 1 
Components of the Value of an American Call Option 

Value 

Total Call 
Option Value 

Time Value 

Price of the 
Underlying 
Asset 

Out-of-the-Money 1 In-the-Money 
Exercise Price 
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Table 1 
History of Callable U.S. Treasury Note and Bond Issues since 1917 

Date Issued Maturity Coupon Term Call Period First Possible Date 
(dated date) Date Rate (at issue) (years) Call Date Called 

19170615 19470615 y/i 30.0 15 19320615 19350615 
19171115 19421115 4 25.0 15 19271115 19280515 
19171115 19470615 4 29.6 15 19320615 19350615 
19180515 19421115 4'A 24.5 15 19271115 19271115 
19180615 19470615 4% 29.0 15 19320615 19350615 
19181215 19470615 4'A 28.5 15 19320615 19350615 
19181024 19381015 4'A 20.0 5 19331015 19351015 
19221016 19521015 4 A 30.0 5 19471015 19471015 
19241215 19541215 4 30.0 10 19441215 19441215 
19260315 19560315 33A 30.0 10 19460315 19460315 
19270315 19320315 3 Va 5.0 2 19300315 19310315 
19270915 19320915 3 Vi 5.0 2 19300915 19310315 
19280116 19321215 3Vi 4.9 2 19301215 19311215 
19270615 19470615 3% 20.0 4 19430615 19430615 
19280716 19430615 3% 14.9 3 19400615 19400615 
19310316 19430315 3% 12.0 2 19410315 19410315 
19310615 19490615 3 Ve 18.0 3 19460615 19460615 
19310915 19550915 3 24.0 4 19510915 19510915 
19340416 19460415 3 A 12.0 2 19440415 19440415 
19340615 19480615 3 14.0 2 19460615 19460615 
19341215 19521215 3 Va 18.0 3 19491215 19491215 
19350315 19600315 2% 25.0 5 19550315 19550315 
19350916 19470915 2% 12.0 2 19450915 19450915 
19360316 19510315 2 % 15.0 3 19480315 19480315 
19360615 19540615 23A 18.0 3 19510615 19510615 
19360915 19590915 2% 23.0 3 19560915 19560915 
19361215 19531215 2 Vi 17.0 4 19491215 19491215 
19380615 19630615 23A 25.0 5 19580615 19580615 
19380915 19520915 2Vi 14.0 2 19500915 19500915 
19381215 19651215 2% 27.0 5 19601215 19621215 
19391208 19501215 2 11.0 2 19481215 19481215 
19391222 19531215 2 A 14.0 2 19511215 19511215 
19400722 19560615 2 A 15.9 2 19540615 19540615 
19401007 19550615 2 14.7 2 19530615 19530615 
19410315 19500315 2 9.0 2 19480315 19480315 
19410331 19540315 2'/2 13.0 2 19520315 19520315 
19410602 19580315 2'/2 16.8 2 19560315 Never 
19411020 19720915 2Vi 30.9 5 19670915 Never 
19411215 19551215 2 14.0 4 19511215 19541215 
19420115 19510615 2 9.4 2 19490615 19490615 
19420225 19550615 2 A 13.3 3 19520615 19540615 
19420505 19670615 2Vi 25.1 5 19620615 Never 
19420515 19510915 2 9.3 2 19490915 19490915 
19420715 19511215 2 9.4 2 19491215 19491215 

continued on next page 
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Table 1 (continued) 

Date Issued Maturity Coupon Term Call Period First Possible Date 
(dated date) Date Rate (at issue) (years) Call Date Called 

19421019 19520315 2 9.4 2 19500315 19500315 

19421201 19681215 Vh 26.0 5 19631215 Never 

19430415 19520915 2 9.4 2 19500915 19500915 

19430415 19690615 2V2 26.2 5 19640615 Never 

19430915 19530915 2 10.0 2 19510915 Never 

19430915 19691215 2Vi 26.2 5 19641215 Never 

19440201 19590915 2'A 15.6 3 19560915 19580915 

19440201 19700315 2V2 26.1 5 19650315 Never 

19440626 19540615 2 10.0 2 19520615 Never 

19441201 19541215 2 10.0 2 19521215 Never 

19441201 19710315 2 '/2 26.3 5 19660315 Never 

19450601 19620615 2'A 17.0 3 19590615 Never 

19450601 19720615 2V2 27.0 5 19670615 Never 

19451115 19621215 2'A 17.1 3 19591215 Never 

19451115 19721215 2'/2 27.1 5 19671215 Never 

19520301 19590315 2% 7.0 2 19570315 19580915 

19530501 19830615 3'A 30.1 5 19780615 Never 

19600405 19850515 4'A 25.1 10 19750515 Never 

19620815 19920815 4'A 30.0 5 19870815 Never 

19630117 19930215 4 30.1 5 19880215 Never 

19630418 19940515 41/s 31.1 5 19890515 19930515 

19730515 19980515 7 25.0 5 19930515 19930515 

19730815 19930815 7V2 20.0 5 19880815 19920215 

19740515 19990515 8V2 25.0 5 19940515 19940515 

19750218 20000215 77s 25.0 5 19950215 19950215 

19750515 20050515 8'A 30.0 5 20000515 n.a. 

19750815 20000815 8% 25.0 5 19950815 19950815 

19760816 20010815 8 25.0 5 19960815 n.a. 

19770215 20070215 7% 30.0 5 20020215 n.a. 

19771115 20071115 7% 30.0 5 20021115 n.a. 

19780815 20080815 8% 30.0 5 20030815 n.a. 

19781115 20081115 83A 30.0 5 20031115 n.a. 

19790515 20090515 9'/a 30.0 5 20040515 n.a. 

19791115 20091115 10% 30.0 5 20041115 n.a. 

19800215 20100215 11% 30.0 5 20050215 n.a. 

19800515 20100515 10 30.0 5 20050515 n.a. 

19801117 20101115 123A 30.0 5 20051115 n.a. 

19810515 20110515 13% 30.0 5 20060515 n.a. 

19811116 20111115 14 30.0 5 20061115 n.a. 

19821115 20121115 10% 30.0 5 20071115 n.a. 

19830815 20130815 12 30.0 5 20080815 n.a. 

19840515 20140515 1 3'A 30.0 5 20090515 n.a. 

19840815 20140815 12V2 30.0 5 20090815 n.a. 

19841115 20141115 11% 30.0 5 20091115 n.a. 

Note: "n.a." indicates not applicable because the bond is not yet callable. 
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To summarize, for immediately exercisable Amer-
ican opt ions , the two necessary condi t ions fo r an 
immediate exercise are that (1) the option is in-the-
m o n e y — t h a t is, exerc ise of the opt ion produces a 
positive cash f low to the opt ionholder—and (2) the 
time value has eroded to zero so that there is no value 
in delaying exercise of the option. 

By comparing the option's market value to its in-
trinsic value, one can tell if the time value has erod-
ed. If they are identical, then the difference—the time 
v a l u e — m u s t be ze ro . B e c a u s e ca l l ab l e T r e a s u r y 
bonds (and most cal lable corporate bonds) require 
prior notification before they can be called, even after 
their call protection has expired, these two simple de-
cision rules must be adjusted to reflect this fact. 

The Deferred Exercise Decision. Treasury bonds 
are callable only on coupon payment dates after the 
call protection period has passed. The bond 's call op-
tion is akin to an American-style option in that it may 
be exercised prior to its expiration at the bond 's ma-
turity date. However, it is unlike an American option 
in that exercise can take place only at discrete times, 
not cont inuously throughout the life of the option. 
Such options are referred to as Bermuda options. For 
valuation purposes, the distinction caused by the dis-
crete exercise dates is unimportant and, in any case, 
is accommodated by the technique outl ined below. 
Of greater importance is the notification requirement 
that results in deferred exercise. 

The notification requirement compels the Treasury 
to announce, 120 days in advance of the coupon pay-
ment date on which it will call the bond, that it in-
tends to do so.5 There is thus a separat ion in t ime 
be tween the date when the decis ion to exerc ise is 
made and the date when actual exercise takes place. 

The naive call strategy is to call the bond if its 
market price is at or above the call price.6 The strate-
gy is based on an arbitrage illusion: that by calling 
the bond one pays less than its market value. This 
argument ignores the problem of deferred exercise. 
Interest rates can change in the meant ime, and the 
value at the time the call is completed may be above 
or below the call price. Because of the deferred exer-
cise and the fact that the call option itself is not sepa-
rately traded, the rules outlined above for the exercise 
of an American-style option must be modif ied. 

Treasury bonds represent a liability to the Trea-
sury. In making an economical ly rational call deci-
s ion, the Treasury should act to min imize the net 
present value of this liability. On a call notification 
date , the T r e a s u r y ' s cho ices are to e i ther call the 
bond—in which case it will pay the f inal coupon 

and repay the principal at the next coupon date four 
months hence—or not call the bond, in which case it 
will still make the coupon payment at the next coupon 
date and will be left with the callable bond as a con-
tinuing liability. 

Since the coupon must be paid regardless, the call 
decision boils down to deciding whether to pay the 
principal in four months or continue to have the liabil-
ity of the callable bond in four months. The amount of 
the principal to be paid, if the bond is called, is known 
with certainty: Treasury bonds are callable at par. But 
the value of the not-called callable bond four months 
hence cannot be known with certainty as of the notifi-
cation date. Therefore, the Treasury needs to estimate 
the expected value of the callable bond in four months 
if it is not called.7 Doing so requires a method for 
valuing a callable bond. 

A callable bond is a compound security composed 
of two parts. The first part is a regular, noncallable 
bond of the same coupon rate and maturi ty as the 
callable bond. The second part is the option to call 
the bond away f r o m the bondholder . The Treasury 
has , in e f f ec t , sold the nonca l lab le bond and pur-
chased a call opt ion on a noncal lable bond. Since 
these two are inextricably l inked—that is, the option 
cannot be split off and traded separately—the option 
is called an embedded option. The value of the non-
callable bond port ion depends on the coupon rate, 
maturity, and the term structure of interest rates. The 
value of the call option depends on the t ime to expi-
ra t ion of the opt ion , the va lue of the nonca l l ab le 
bond, and, most importantly, the volatility of interest 
rates. The more volatile interest rates are, the more 
valuable the call option will be to the bond issuer. 
Volatile interest rates increase the likelihood that the 
bond i s suer m a y f ind it a d v a n t a g e o u s to call the 
bond, fo r ins tance to r e f inance at a lower interest 
rate. If the bond is called, it will be to the bondhold-
ers ' disadvantage: they will have to reinvest at a low-
er rate than they were earning on the bond that was 
called away. Therefore, the higher interest rate volatil-
ity is, the less valuable the callable bond will be to the 
bondholder. Thus, valuing the callable bond requires 
both a model for interest rate movements and an esti-
mate of the volatility of interest rates. 

In practice, the two portions of the callable bond 
are valued by comput ing the value of the cal lable 
bond as of the not i f ica t ion date if it has not been 
called and then comparing that value with the present 
value of the principal and next coupon.8 The present 
value of the principal and coupon may be computed 
f rom the term structure and the known principal and 
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coupon amoun t s . 9 Valuing the not -ca l led ca l lable 
bond requires an interest rate model and an estimate 
of the volatility. 

Box 1 illustrates in simplified form how to value a 
cal lable bond using a b inomia l tree, g iven a term 
structure and a volatility of interest rates. Implicit in 
this valuation are the optimal call decisions at each 
node of the tree conditional on the assumed (fixed) 
interest rate volatility of 20 percent, the time horizon 
and interest rate at that node, and the assumption that 
all possible future decisions will be (or would have 
been) optimally decided. Of course, if it turns out to 
be optimal to call now, the future decision points will 
never be reached, but to know if it is optimal now re-
quires looking into the future and seeing what will be 
opt imal then if the bond is not called now. By re-
working the problem for a 15 percent volatility, the 
call decisions change and the current fair value of the 
bond will rise. One can vary the volatility until the 
f i t ted (mode l ' s fair value) price equals the desired 
target value. T h e volatility that makes the model ' s 
value equal to the quoted price is called the implied 
volatility. The target value the Treasury is interested 
in is the value of the callable bond if it is called. The 
level of volatility that makes the value of the callable 
bond if it is not called jus t equal the value if it is 
called is referred to as the threshold volatility. 

In order to be able to compute the threshold volatil-
ity, the call option must be "in-the-money forward." 
This term is equivalent to " in- the-money" for a regu-
lar, immediate exercise option and implies that the 
optionholder (bond issuer) will not lose by exercis-
ing. In this case, it is " fo rward" because the determi-
nat ion is done on a fo rward- look ing , r isk-neutral , 
e x p e c t e d - o u t c o m e basis. W h e t h e r the bond is in-
the-money forward is determined by examining the 
values of two hypothetical bonds, S and L, both non-
callable and both with the same coupon rate as the 
callable bond under consideration. S matures at the 
next coupon date, and L has the same maturity date as 
the ca l l ab l e bond . T h e b o n d h o l d e r can m a k e the 
ca l lable bond wor th 5 by dec id ing to call , so the 
cal lable bond cannot be worth more than S to the 
bondholder. Similarly, the bondholder can make the 
callable bond worth L by simply deciding never to 
call, so the callable bond cannot be worth more than L 
to the bondholder. Therefore, the value of the callable 
bond must be less than or equal to the minimum of 
the values of these two fictitious bonds: that is, V < 
min{5, L}. If L < S, it is necessarily the case that V is 
strictly less than S, the option is not in- the-money 
forward, and it is impossible to compute the thresh-

old volatility: no matter how low the volatility, how 
worthless the call option, how valuable the callable 
bond (to the bondholder), the callable bond can never 
be worth as much as S. Thus, it can never be optimal 
to call a bond that is out-of-the-money forward—that 
is, when L < S. If L > S, the not-called bond can be 
worth more than S (the value of the called bond), so 
calling may minimize the value of the liability. 

Once it has been determined whether the call op-
tion is in-the-money forward, the threshold volatility 
is used to determine whether the option has any time 
value remaining. If the true market volatility equals 
the threshold volatility, the Treasury will be indiffer-
ent to calling or not calling, so either action will be 

Examination of Treasury call decisions 

concludes that, at least in recent years, 

the Treasury has called bonds optimally. 

rational. If, however, the true volatility is greater than 
the threshold volatility, then the call option is more 
valuable than would just ify a call; the expected value 
of the liability is reduced below what is required to 
pay off (call) the bond; and the Treasury will not 
wish to call. It would be better to keep the liability 
than to pay the principal. Lastly, if the true volatility 
is lower than the threshold volatility, the call option 
is less valuable than needed to just ify a call, the lia-
bility is more valuable than the principal needed to 
pay off the bond, and, hence, the Treasury will wish 
to call and will issue a call notification to be able to 
do so. 

To determine the true volatility against which to 
compare the threshold volatility, the Treasury cannot 
use the implied volatility of the callable bond. T h e 
implied volatility is sensitive to the price of the partic-
ular bond that may reflect the market 's expectation of 
what the Treasury will do and hence be useless for de-
termining what the Treasury should do. Furthermore, 
price quotes for individual issues are frequently im-
precise. Newly issued "on- the- run" bonds are very 
liquid but trade at a premium because of this liquidity. 
Older, seasoned "off-the-run" issues—and all currently 
cal lable bonds are o f f - the - run—are il l iquid, so the 
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Table 2 
Analysis of Threshold Volatilities 

(March 7 988-September 1994) 

Quote Full 
Date Price Tm S L 

71/2'S of August 1988-93 

880331 98.08 5.37 101.31 97.80 O T M 
880930 96.31 4.88 100.81 96.20 OTM 
890331 93.29 4.37 100.17 93.49 O T M 
890929 97.30 3.38 100.65 97.27 O T M 
900928 99.15 2.88 100.84 98.94 O T M 
910328 101.35 2.38 101.45 101.47 7.5% 
910930 102.34 1.88 101.73 103.55 66.2% 

Called February 1992 Call was optimal 

7's of May 1993-98 

921231 101.76 5.37 102.26 104.61 20.3% 
Called May 1993 Call was optimal 

81/2'S of May 1994-99 

931231 102.96 5.37 103.04 116.14 62.8% 
Called May 1994 Call was optimal 

7%'s of February 1995-2000 

940930 101.83 5.38 101.96 103.59 11.0% 
Called February 1995 Call was optimal 

Note: The full price is the market price, including accrued interest. The term Tm is the time to maturity in years. The term 5 is the present 
value of an otherwise equivalent noncallable bond that matures in four and one-half months. (The use of four and one-half months, rather 
than the four months dictated by the 120-day rule, is a consequence of the available data base, which contains end-of-month, rather than 
the desired midmonth, bond prices.) The term L is the present val ue of an otherwise equivalent noncallable bond to Tm. The term <jj is the 
threshold volatility; a value of "OTM" indicates that the option is out-of-the-money and a threshold volatility could not be computed. 

posted quotes may reflect stale information. In order 
to avoid these problems, what are called normal levels 
of implied volatilities, aggregated cross-sectionally, 
are used as a benchmark. Box 2 discusses the implied 
volatilities for a typical callable bond. The chart shows 
that normal levels of implied volatilities vary between 
7.5 percent and 20 percent . If a currently cal lable 
bond 's threshold volatility is higher than 20 percent, it 
is clearly high relative to normal values, so it is likely 
that the true market volatility is below the threshold 
vola t i l i ty and a call is ind ica ted . If the th resho ld 

volatility is below 7.5 percent, it is low and the bond 
should not be called since it is likely the true volatility 
is above the threshold level. Between 7.5 percent and 
20 percent, the analysis produces no clear recommen-
dation. Fortunately, in most cases threshold volatili-
ties are outside this ambiguous range.10 

In summary, the necessary and suff ic ient condi-
tions for calling a deferred-exercise callable bond are 
that (1) the option must be in-the-money forward to 
guarantee that calling is optimal under at least some 
volatility, and (2) normal interest rate volatility must 
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be low enough relative to the threshold level that the 
t ime value has clearly eroded to zero and calling is 
thus optimal. 

.Examining the Optimality of the 
Treasury's Call Decisions 

Normal market volatility,- which ranges f rom 7.5 
percent to 20 percent, is used to establish the opti-
mality or subopt imali ty of past Treasury call deci-
sions. It is deemed opt imal if the Treasury calls a 
bond whenever the threshold volatil i ty exceeds 20 
percent; conversely, if the Treasury calls when the 
option is out-of-the-money or the threshold volatility 
is below 7.5 percent, the call is deemed suboptimal. 
It is also deemed suboptimal if the Treasury fails to 
call a bond when the option is in-the-money and the 
threshold volatility is above 20 percent. 

Table 2 repor t s the empi r i ca l resul ts of recent 
March 1988-September 1994 Treasury call decisions 
and analyzes these decisions. Three of the four issues 
were called on their first possible call dates. In the 
case of the 7!/2's of August 1988-93, the call was de-
layed three and a half years, providing an opportunity 
to analyze cases in which the Treasury decided not to 
call a bond when it might have done so . " 

Table 2 shows that, at least in recent years , the 
Treasury has called bonds optimally.12 They did not 
call the I V i s of August 1988-93 in the period March 
1988 through Sep tember 1990, when the intr insic 
value was zero, and they did not call prematurely in 
March 1991, when the threshold volatility was in the 
"normal" range. However, in September 1991 when 
both condi t ions o c c u r r e d — n o t e that the threshold 
volatility of 66.2 percent is well above normal—the 
Treasury did call the bond. For the 7 's of May 1993-98 
and the 8'/2 's of May 1994-99, both necessary condi-
tions were met at the first call date, and the bonds 
were properly called. With the 77/x's of February 1995-
2000, the analysis is more ambiguous . T h e option 
was clearly in-the-money, but the threshold volatility 
is not above the normal range. On the other hand, 
neither is the threshold volatility below the normal 
range, in which case cal l ing the bond would have 
been clearly incorrect. 

Bliss and Ronn (1995) extended this analysis to 
fo r ty - fou r ca l lable bonds that had m o v e d b e y o n d 
their call protection period in the four decades begin-
ning in the 1930s. That study concludes that, while 

one cannot jus t i fy each Treasury call decis ion, the 
overal l Treasury pat tern of call dec is ions appears 
consistent with financial principles. 

The first notif icat ion date for the 8 's of August 
1996-2001 is April 17, 1996; no Treasury decision is 
required until that date. If today's (February 1, 1996) 
term structure remains unchanged on April 17, 1996, 
the threshold volatility will be 51.3 percent. Thus, if 
the decision were made in Apri l based on today ' s 
term structure, the bond should be called. Indeed, it 
would take a parallel upward shift of at least 227 ba-
sis points in the term structure be fore the opt imal 
decision would be to refrain f rom calling the bond 
(when the resulting threshold volatility is less than 
7.5 percent). 

Conclusion 

As the 8 's of August 1996-2001 approach their 
first call opportunity in August 1996, the requisite no-
tification period implies that the Treasury will have to 
decide by April 17, 1996, whether to exercise its right 
to call the bond. This article derives the considera-
tions that go into making an optimal call decision. 
Taking into account the required prior notification pe-
riod of intent to call, two criteria must be met. First, the 
call option must be in-the-money forward, which can 
be ascertained by comparing the values of two similar-
coupon rate, noncallable bonds, one maturing on the 
next call date and the other on the callable bond's ma-
turity date. If the call option is in-the-money forward, 
the value of the long bond will exceed the value of the 
short bond. If that first condition is satisfied, one then 
determines whether the call option has time value re-
maining by computing the threshold volatility. Normal 
market volatilities serve as a benchmark for evaluating 
threshold volatilities. From 1987 through 1994, these 
have typically been in the 7.5 percent to 20 percent 
range. Bonds with threshold volatili t ies be low this 
normal range should not be called even if the call op-
tions are in-the-money. 

Using these two criteria, this article examines the 
optimality of the Treasury 's observed call decisions 
and concludes that, on balance, these decisions have 
been reasonably correct. Finally, these call-decision 
criteria can be applied to other securities with delayed-
exerc i se p rov i s ions , inc lud ing ca l lab le co rpora t e , 
agency, and municipal bonds as well as convertible 
corporate bonds. 
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Box 1 
Valuation Using a Binomial Tree 

The following numerical example demonstrates the 
requirements for an optimal call policy. To simplify ex-
position, consider a simple variant of the Treasury 
callable-bond problem: a three-year 8.5 percent annual-
pay coupon bond, which is currently callable with a one-
year notification. If notification is given today, the bond 
will be retired next year; if notification is given one year 
from today, the bond will be retired in two years' time. 
Otherwise, the bond will mature in three years' time. 
Further, assume that the one-year rate of interest is 
currently 8 percent, with a volatility of 20 percent, and 
follows a binomial multiplicative random walk. The 
implication is that, over the next year, the interest rate 
will either rise to 8 x 1.2 = 9.6% with a probability of 
0.5 or decline to 8/1.2 = 6.67% with an equal probabili-
ty, and similarly for year 2. Chart A presents the result-
ing tree in graphical form. 

Chart A 
The Interest Rate Process 

Today Year 1 Year 2 

8%x1.22 = 11.52% 

/ 
8% x 1.2 = 9.6% / \ 

8% 8% 

\ ^ 
8%/1.2 = 6.67% 

\ 2 8%/1.2 =5.56% 

Thus, consider the bond's value at the three possible 
interest rates at year 2—that is, 5.56 percent, 8 percent, 
or 11.52 percent. If call notification was not given the 
previous period, then the bond at year 2 is a one-year 
8.5 percent coupon bond. The value of this bond, includ-
ing the year-2 coupon, is equal to the current $8.50 
coupon plus the discounted present value of the $108.50 
end-of-year principal and final coupon payment, 8.5 +. 
108.5/(1 + r), where r is the then-prevailing rate of inter-
est (5.56 percent, 8 percent, or 11.52 percent). On the 
other hand, if notification had been given at year 1, its 
value at year 2 would simply be the final coupon and 
principal payments of $108.50. 

Stepping back to year 1, recognize that the Treasury 
has the right to call the bond, with one-year notification. 
That call should be made only when it is in the Trea-
sury's best interest to do so. The Treasury will choose to 
do so when such a call minimizes the value of its liabili-
ty (generally, when interest rates have fallen sufficiently 
low). Suppose that at year 1 interest rates have risen to 
the point at which the one-year interest rate is 9.6 per-
cent; the year-1 value of the bond, excluding the current 
coupon, is given by the lower of (1) the bond's value if 
notification is given today and the bond is called at year 
2, discounted back to year 1 (the value of such a bond is 
simply the present value of principal and last coupon, or 
$108.50 discounted at the prevailing 9.6 percent rate of 
interest: 108.5/1.096 = $99.00) or (2) the expected value 
of the bond at year 2 if it is not called today, discounted 
back to year 1. This value is equal to the discounted ex-
pected value of the payoffs:2 

0 5 105.79 + 108-96 _ 
1.096 

This interest rate tree is consistent with a term struc-
ture of interest rates that is virtually flat at 8 percent. 
Naturally, similar interest rate trees can be constructed to 
reflect the prevailing yield curve and prevailing volatility 
of interest rates.' 

Using this interest rate tree one may value the three-
year 8.5 percent coupon bond using backward induction. 
The principle of backward induction begins by valuing 
the bond at maturity, then works backward to the pre-
sent. At each stage, the optimal decision is based on the 
possible future outcomes, given the current conditions at 
that time, and the optimal decision for each of those 
possible outcomes. Backward induction also takes full 
account of the delayed-notification call option embed-
ded in this bond. 

Since the value (after paying the next coupon) of the bond 
if called ($99.00) is greater than the value if not called 
($97.97), the bond should not be called, and its expected 
value equals $97.97 or, including the current coupon, 
97.97 + 8.5 = $106.47 at year 1 if interest rates rise. 

If, on the other hand, interest rates have declined to 
6.67 percent next year, the value of the bond if it is 
called will be the discounted present value of principal 
and last coupon, or $108.50 at the prevailing 6.67 per-
cent rate of interest: 108.5/1.0667 = $101.72. If call no-
tification is not given at year 1, the bond's year-2 value, 
discounted back to year 1, will be 

0 . 5 m 9 6 + 1 1 L 2 9 =$103.24. 
1.0667 
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Chart B 
Valuation of a Callable 8.5 Percent Bond 

Today Year 1 Year 2 
Maturity 

Year 

8.5 + min< 

,.5A5106.47 + 1 1 0 . 2 2 ^ 1 0 a 3 2 
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\ 
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1.1152 

108.5 

8.5 + - = 108.96 
1.08 108.5 

3.5 + i ^ l = 111.29 
1.0556 

108.5 

In this case the value of the bond if called will be less, 
so giving call notification at year 1 will be optimal if in-
terest rates drop to 6.67 percent. Including the current 
coupon, the year-1 value of the bond is $110.22 if inter-
est rates fall. 

Finally, stepping back to the present, the Treasury 
chooses to minimize the value of its liability by select-
ing the lower of a one-year bond, which would result by 
its giving notification today (108.50/1.08 = $100.46), or 
the discounted expected value if call notification is not 
given—[0.5(105.79 + 108.96)/1.096 = $97.97], The fact 
that the value if it is not called is lower implies that the 
Treasury should refrain from giving the one-year call 
notification for the bond at this time.3 

Chart B presents the value of this bond at each node 
of the interest rate tree. The key ingredients are the use 
of the prevailing rate of interest in discounting cash 
flows; the delayed notification period, which causes the 
bond to be priced as a one-period coupon bond when it 
is called (the bond's value would equal the option's ex-
ercise price of par if there were no delayed notification 
requirement); and the backward induction valuation pro-
cess, which sets the bond's value, under a no-call notifi-
cation policy, equal to the discounted expected value of 
its payoffs next period. 

To see the sensitivity of the call decision to prevail-
ing interest rate volatility, note the impact on the bond's 
value—as well as the call/no-call decision—if volatility 
were to fall to 15 percent. In that case, a reproduction of 
the steps derived above would demonstrate that the 
bond's value is $100.46, and the Treasury should exer-
cise its right to call the bond. 

Notes 

1. For the details of constructing a tree to match a given 
term structure of interest rates, see Appendix B of Bliss 
and Ronn (1995). 

2. In option terminology, this is the discounted expected 
value using the so-called risk-neutral probabilities. 

3. The technique of building an interest rate tree and em-
ploying backward induction is used to determine whether 
the bond should be called at this time. This process also 
produces a fair value for the bond, given this interest rate 
model. The model thus indicates whether the market 
price for the callable bond is "rieh" or "eheap." Further-
more, the binomial interest rate tree can be used to value 
the wide universe of embedded-option bonds, including 
agency, corporate, and municipal bond issues. 
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Box 2 
Measuring Market Interest Rate Volatilities: 

The Example of the Treasury IVA's of 11/15/2009-14 

The previous discussion has motivated the impor-
tance of ascertaining the normal level of interest rate 
volatility priced in the marketplace, which serves as a 
benchmark for the estimated threshold volatilities. The 
1154's of November 2009-14 is the only callable bond to 
be included in the STRIPS program and may therefore 
have received more attention in pricing than other 
callable securities. This bond also provides one of the 
longer time series of implied volatility observations for 
an individual security. For these reasons, the IPX's of 
November 2009-14 is a reasonable candidate for the es-
timation of market volatility. Using the twin inputs of 
(1) the observed market price of this bond and (2) the 
noncallable term structure of interest rates given by the 
prices of the C-STRIPS,1 it is possible to calculate a 
time series of the volatility implied by the price of this 
bond. By definition, implied volatility is that value of 
interest rate volatility that equates the market price of 
the bond to its fair value under the interest rate process 
described in the above numerical example.2 It is also 
one of the longer time series of implied volatilities for 
any individual bond. Furthermore, the C-STRIPS prices 

constitute efficient estimates of the noncallable term 
structure of interest rates. It is thus of interest to inspect 
the chart below, which plots these implied volatilities 
for the post-1988 period for this bond. 

One conclusion that can be gleaned from the chart is 
that implied volatilities on such bonds typically range 
from 5 percent to 20 percent and lie for the most part in 
the 10 percent to 15 percent range. These numbers will 
be useful in examining the optimality of the Treasury's 
past call decisions since they are an indication of the 
volatility the Treasury should consider when making the 
call/no-call decision. The threshold volatility is then 
compared with normal levels: this is the volatility at 
which the Treasury would be indifferent about the 
choice to give the call notice or abstain from calling the 
bond. Thus, if a bond's threshold volatility is large rela-
tive to normal market volatilities, the indication is that 
there is no time value remaining in the call option and 
the Treasury should call the bond. On the other hand, if 
the threshold volatility is small, there must be time value 
remaining in the option at normal levels of volatility, 
and the Treasury should refrain from calling the bond. 

Implied Volatilities of IIVi's of 2 0 0 9 - 1 4 Treasury Bond 
(Using Treasury coupon STRIPS term structures) 

implied 
Volatility 
20 - r 

10 

1989 1990 1991 1992 

Quote Date 

1993 1994 1995 
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Notes 

1. Strictly speaking, using C-STRIPS causes the term struc-
ture of interest rates to be upward-biased relative to the 
Treasury's true alternative, which is to issue on-the-run 
bonds whose liquidity enhances their value relative to the 
off-the-run bonds and STRIPS. 

2. Formally, this interest rate process posits a lognormal dis-
tribution for the rate of interest. It is a special case of the 
interest rate processes presented in Black and Karasinski 
(1991) in that it omits a mean-reversion parameter. Black 
and Karasinski's interest rate model is able to match the 
term structure of interest rates as well as the term struc-
ture of volatility. 

Notes 

1. Noncallable, or plain vanilla, bonds pay a fixed, usually 
semiannual coupon until a stated maturity date when the 
principal is repaid. The cash flows paid from such bonds to 
investors are fixed and unchanging. In contrast, the issuer of 
a callable bond retains the right to redeem (call) the bond at 
designated times prior to its stated maturity date by repay-
ing the principal, and sometimes for corporate bonds a call 
premium, after which coupon payments cease. 

2. In addition, three puttable securities have been issued, the 
last of which matured in 1962. All three issues matured 
without the options being exercised. One of these, the 2's of 
March 1933, issued in March 1932, paid both principal and 
interest in U.S. gold coins. Interestingly, another certificate 
was issued at the same time with the same maturity but with-
out the put option or gold coin payment provisions. This un-
adorned certificate carried a 3.75 percent coupon. 

3. The acronym STRIPS stands for "separate trading of reg-
istered interest and principal securities." A stripped bond 
has the coupon and principal payments unbundled, sold, 
and subsequently traded separately. The C-STRIPS arc the 
coupon issues; the P-STRIPS refer to the principal or cor-
pus of the underlying coupon bonds. It is also possible to 
rebundle (or reconstitute) previously stripped bonds. The 
last callable bond, the 1 Was of November 2009-14, is eli-
gible for stripping. However, valuing the "tail" of the 
bond, those cash flows from November 2009 onward 
proved inconvenient, as the number and timing of cash 
flows were dependent on future call decisions and were 
therefore uncertain. These conditions made callable bonds 
unattractive for stripping. To appeal to the STRIPS mar-
ket, the Treasury ceased issuing its long bonds in callable 
form. 

4. For deep in-the-money put options and for call options on 
dividend-paying stocks, the time value may become zero 
prior to expiration of the option. 

5. Treasury could announce a call more than 120 days prior 
to any coupon payment date in the call period. But the 
closer the actual exercise (coupon) date, the less uncer-
tainty there is about future interest rates. It is therefore 
never rational for the Treasury to give notification of in-
tent to call any earlier than it has to (possibly allowing for 
a few days' delay in promulgating the decision). 

Federal Reserve Bank of Atlanta 

6. This naive decision rule has been used by Ingersoll (1977) 
and Vu (1986) when examining corporate bonds and by 
Longstaff (1992) for Treasury bonds. 

7. It is not that the Treasury should attempt to predict which 
way interest rates will move or what the price will actually 
be in four months. Expected value refers to the average of 
the possible future values that the bond may take on in four 
months using the risk-neutral probability distribution. 
Risk-ncutral probabilities are a technique for valuing op-
tions. The technique is based on the, at least theoretical, 
ability to "lock in" the risk-neutral expected value by repli-
cating the callable bond using a dynamic strategy of buy-
ing and selling noncallable bonds of various maturities. 
Transactions costs and other market frictions make actual 
dynamic replication difficult in practice. 

8. To see that this procedure is equivalent to deciding on the 
basis of expected value as of the actual call date, let P be 
the principal amount, C be the next coupon amount, r be 
the four-month interest rate, and E(CB{) be the risk-neutral 
expected value of the callable bond, if it is not called, in 
four months. The original rule is "call if the expected value 
of the not-called bond exceeds the principal," that is, if 
£(Cfi,) > P. Adding the unavoidable coupon and taking 
present values, one gets 

C + E(Cfi ) ^ C + P 
1 + r 1 + r 

The value at the notification date of the callable bond if it is 
not called, CB0, is the present value of its expected value 
plus the coupon, CB0 = [C + £(Cfi,)]/(l + r), and the value 
of a "short bond," S, with the same coupon, maturing on the 
next coupon date, is the present value of the principal plus 
remaining coupon, S = [C + P\/(\ + r). Therefore, it follows 
that E(CB}) > P is equivalent to CB0 > S. 

9. There are numerous ways of measuring term structures 
(see, for instance, Bliss 1994), but perhaps the simplest is 
to use the prices of Treasury coupon STRIPS. 

10. Bliss and Ronn (1995) provide a means of narrowing 
down the ambiguous range somewhat by determining the 
current market volatility rather than relying on averages 
over time. 
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11. The delay also led some investors to be lulled into com-
placency and then complain that the Treasury had not told 
them that these issues actually might be called, thus un-
fairly depriving them of high-yielding investments (Wall 
Street Journal, April 10 and October 10, 1991). 

12. In contrast, Bühler and Schultze (1993) investigated the 
German government's call decisions and concluded that ra-
tional call opportunities were frequently missed. They at-
tribute this to a governmental policy not to harm "widows 
and orphans" by depriving them of valuable investments. 
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