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Innovations in Modeling the
Term Structure of
Interest Rates

Peter A. Abken

Economists and marfket practitioners have long sought to understand interest-rate movements. As a result, a number of
term-structure models have been developed over the years. Major advances in option-pricing theory in the 1970s led the
way to significant progress. In this article, the author discusses two recent term-structure models that have been highly
influential in stimulating further research and are being applied to valuing a wide variety of financial instruments.

he phrase term structure of interest rates

I refers to the relationship between
interest rates on bonds of different
maturities. It is no doubt familiar to most who
peruse the newspaper’s financial pages. A
precise understanding of what determines
the relationships among these interest rates
is still lacking, however, despite a volumi-
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nous amount of research. The reason for this
open-endedness is not hard to grasp: current
interest rates to a large extent reflect expec-
tations of future interest rates, as well as all
relevant factors that impinge on them.
Financial economists have long sought to
characterize, and more importantly to pre-
dict, interest-rate movements using mathe-
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matical models. These models tend to shape
thinking about the term structure even if a
formal model is not a conscious part of this
process. Policymakers, money managers,
and other investors often look to the term
structure for clues about the market’s expec-
tation regarding future interest rates. To
make sense of the array of interest rates de-
termined in financial markets, any such div-
ination usually implicitly or explicitly uses a
theory of the term structure. The interest-
rate forecasts embedded in the term struc-
ture may help to form individual forecasts,
upon which all kinds of economic decisions
are based. Differences between individual
and market outlooks on interest rates may
also spur investors and speculators to bet
against the market through their trading of
bonds. This trading moves bond prices and
thus leads to a melding of private informa-
tion with the public information embodied in
the term structure.

Since about the mid-1980s the most impor-
tant application of term-structure models has
been in valuing various kinds of interest-rate
options. The most basic of these are bond
options, which can be used to hedge the val-
ue of bond portfolios against capital losses.
Interest-rate caps and swaps are examples of
more complex interest-rate contingent claims
that can hedge interest payments on debt
whose interest rate fluctuates periodically
with market rates.! Caps and swaps can be
viewed as portfolios of bond options and may
be valued using term-structure models. Much
current financial research centers on refining
existing term-structure models and on devel-
oping new ones that are easier to use and
more accurate in their predictions.

This article begins with a review of the ele-
mentary theories of the term structure. These
theories—the expectations hypothesis, the
liquidity premium hypothesis, and the pre-
ferred habitat hypothesis—have been stan-
dards in economics since the 1960s and still
constitute the core of contemporary text-
books. These theories are no longer “state of
the art,” however. This article attempts to
bridge the gap between the traditional hy-
potheses of the term structure and more re-
cent, less accessible work stimulated by
innovations in options pricing theory since
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the early 1970s. Additionally, the discussion
of the term-structure models explores the
connection between the new modeling “tech-
nology” that produced the path-breaking
Black-Scholes option-pricing formula pub-
lished in 1973 and its applicability to pricing
bonds, which, like options, are another kind
of so-called contingent claim.

Intended as a nonmathematical exposition
of both the traditional and recent models of
the term structure, this article introduces the
term structure by briefly reviewing the three
traditional hypotheses as well as the newer
models, which are essentially elaborations of
the same concepts. Two recent-vintage term-
structure models, developed in the mid-
1980s, are examined in detail—the Cox-
Ingersoll-Ross (1985b) and Ho and Lee (1986)
models, which have been highly influential
and represent different directions that mod-
eling efforts have taken. To provide a context
for these models, related models are also
discussed. A brief survey of very recent re-
search shows how these newer models have
been extended or applied, and an option
pricing example using the Ho and Lee model
illustrates an important application of these
models.

Whether pricing bonds or contingent
claims, all models considered in this article
share certain basic principles. The new mod-
els explicitly build in uncertainty about the
course of future interest rates; they are mod-
els of random interest rates. Knowledge of
constraints on the behavior of interest-rate
movements allows for construction of models
that value bonds or interest-rate contingent
claims. This article explains how this valua-
tion is accomplished.

A RS P T VRS
The Term Structure under Uncertainty

The term structure of interest rates refers
to yields on bonds that are alike in all re-
spects except their time to maturity. Default

The author is an economist in the financial section of the Atlanta
Fed's research department.
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risk, for example, should be the same across
all bonds to allow meaningful comparisons of
bond yields spanning the maturity spectrum.
Not only because credit risk is absent but al-
so because government bonds offer the
broadest range of maturities of all bonds,
most analyses of the term structure are con-
ducted using default-free government bonds.
The box on page 5 gives some elementary
definitions concerning zero-coupon bonds as
well as the arithmetic for relating zero-
coupon bond prices and yields to maturity.
The box on page 12 considers the basic
building blocks for the expectations hypothe-
sis and explains how arbitrage forces equality
in the holding-period returns on bonds of dif-
ferent maturities. The analysis shown has
been conducted in a theoretical world of per-
fect certainty about future interest rates.

Expectations Hypothesis. Once the future
becomes uncertain, investors face interest-
rate risk.2 This risk is irrelevant for investors
whose future cash needs exactly match their
bonds’ maturity dates. The bonds mature at
par, and no capital gains or losses are possi-
ble. Such a coincidence is the exception rather
than the rule, though. If investors need cash
sooner, they are necessarily exposed to the
possibility of capital loss; that is, newly issued
bonds for the same maturity date may bear
higher yields, forcing existing bond holders to
sell at a discount to match the higher yield.
Conversely, if their bonds mature sooner than
the time of their cash need, the investors risk
reinvesting at a lower yield in a new bond that
matures on the desired date. If they had
bought a longer-term bond at the outset, no
such risk would have been incurred.

In economics the existence of risk implies
that the outcome of a decision is not known
precisely; however, a range of possible out-
comes is known, each of which has some
chance—some probability—of occurring.
Thus, investors are assumed to know the
range of outcomes and, more specifically, the
probability distribution for the likelihood
that any particular outcome will occur. These
and other statistical concepts are fundamen-
tal to theories of the term structure because
they quantify investors’ expectations.

In the expectations hypothesis of the term
structure, risk has no effect on investors’

http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis

choices. All that matters is their expectation
of future interest rates at all maturities. Here
the term expectation is used in its narrow statis-
tical sense to mean average or mean value
for a particular future interest rate. The range
of outcomes for an interest rate may be quite
wide or quite narrow, but that issue is irrele-
vant to investors. Investors are said to be
“risk neutral.”

The expectations theory posits that, re-
gardless of the holding period considered,
any possible combination of bonds must offer
the same rate of return. This idea, illustrated
in the box on page 12 for one- and two-year
bonds, works exactly the same way for any
other maturity combinations. Any long-term
bond yield is the average of the current short-
term yield and future expected short-term
yields. The essential assumption is that in-
vestors care only about holding-period re-
turns and consider all bonds of different
maturities as perfect substitutes. All interest
rates along the yield curve are therefore
linked by arbitrage.

Liquidity Premium Hypothesis. Rather
than “risk neutral,” investors may be “risk
averse,” in which case their average sensitivi-
ty to bearing risk will be reflected in bond
prices. The usual presumption is that longer-
term bonds are riskier in the sense that their
principal is more exposed to interest-rate
fluctuations over time. Specifically, this expo-
sure makes them less liquid (less readily con-
verted to cash by selling them) because they
bear a greater potential for capital loss before
maturity. Risk-averse investors therefore are
believed to require a “liquidity premium” to
induce them to hold longer-term bonds will-
ingly. The liquidity premium manifests itself
as an increase in the forward rate above the
future spot rate, which results in a shifting of
the yield curve above the one predicted by
the expectations hypothesis. Known as the
liquidity premium hypothesis, this concept is
a refinement of the expectations hypothesis.
The liquidity premium is alternatively known
as a risk premium, which will be the term used
hereafter. To distinguish it, the expectations
hypothesis is sometimes called the pure (or
risk-neutral) expectations hypothesis.

The liquidity premium hypothesis is rather
vague about what determines the risk premi-
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Basic Terminology

The basic financial instrument of interest is
a zero-coupon bond that promises a fixed pay-
ment, which will be assumed to be S1, at a fu-
ture date.! The bond makes no interim
payments, that is, it has no coupons. While ze-
ros—Treasury bills and zero-coupon Treasury
bonds—trade in the bond markets, many
bonds make periodic coupon payments. Be-
cause any coupon bond can be decomposed
into a zero coupon bond by treating each fu-
ture coupon payment as well as the repayment
of principal as a separate zero coupon, model-
ing in terms of zeros is not unrealistic.2 The
models to be considered also abstract from
credit (or default) risk so that the uncertainty
stems only from unknown future interest rates.

A zero-coupon bond is alternatively known
as a discount bond because its price is less
than its S1 face or par value. Its return is de-
rived strictly from the appreciation in price at
the time of maturity. For the sake of simplicity,
bonds are assumed to be issued at yearly in-
tervals with maturities in multiples of a year,
making the shortest maturity bond a one-year
bond. The current date will be time 0.

The bond price, B, is the price at time ¢,
when the bond is purchased, for principal re-
payment upon maturity at later date 7. The dif-
ference between t and T is called the bond’s

1Of course, any par value can be used simply by
multiplying the bond price by the face amount. For
example, a bond promising $10,000 upon maturity
would be worth 10,000 times the purchase price of
the $1 par value discount bond.

2See Bodie, Kane, and Marcus (1989, 420) for a pro-
cedure used to infer zero-coupon bond prices from
the prices, coupons, and principal payments of
coupon bonds.

um, other than supposing that such a premium
is the investor’s reward for bearing interest-
rate risk. The new models incorporating this
hypothesis give more structure to the underly-
ing determinants of the risk premium.

Once risk aversion is assumed to affect
interest rates, interpretation of the term
structure becomes problematic. Without
knowing the size of the risk premium, the
expectations hypothesis cannot be used to

FEDERAL RESERVE BANK OF ATLANTA

time to maturity. Consider a bond with one
year to maturity (a one-year bond) issued to-
day at time 0. The bond’s yield to maturity,
R(1), is determined from the following equation
involving the bond’s price:

1/B(1)
B(1)

1 + R(1),0or
1/11 + R(1)].

The time to maturity is enclosed in paren-
theses. If the time to maturity is one year and
the yield R(1) is 8 percent, then B(1) is approxi-
mately 0.926. The term R(1) is expressed as a
simple interest rate. Clearly, yield and bond
price are inversely related: as one goes up the
other goes down.?

Consideration of multiple periods entails
compounding of interest. The yield to maturity,
R(n), of an n period zero-coupon bond is

1/B(n)
B(n)

[1 + R(m)]", or
/[l + R(n)|".

]

The term R(n) is also expressed as a simple
annual interest rate. Plotting the yield to matu-
rity against time to maturity gives the so-called
yield curve. The reasons for its shape or struc-
ture are the subject of the various hypotheses
discussed in the main text.

Notes

3 For a fuller discussion of this terminology as well as
the basics concerning the traditional hypotheses of
the term structure, the reader is referred to Bodie,
Kane, and Marcus (1989). Almost any undergradu-
ate investments or money-and-banking textbook
contains some discussion of these topics.

infer future short-term interest rates. Any
forward rate now consists of a risk premium
and the expected short-term interest rate.
Consider the simple example of deciding
between an investment in a sequence of
consecutive one-year bonds or an invest-
ment in a two-year bond, like that used in
the box on page 12. Assume that the one-
year yield is 5 percent and the future one-
year yield is known to be 7 percent. If the
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true risk premium were known to be 0.5
percent (or 50 basis points), the two-year
yield would be:

[5% + (7% + 0.5%)1/2 = 6.25%,

that is, the average of the short rate and the
forward rate (which is the sum of the future
short rate and the risk premium). The two-
year yield is 6.25 percent instead of 6 per-
cent as in the risk-neutral case (where the
risk premium is zero). If the risk premium is
unknown, all that can be inferred from the
current term structure (one- and two-year
bond yields) is that the implied forward rate
is 7.5 percent. More information is required
to disentangle the risk premium from the ex-
pected short rate.

For a hypothetical continuum of interest
rates along the yield curve, Chart 1 shows
the relationship among yield curve, expect-
ed short-term interest rates, and forward
rates. If the term structure slopes down-
ward—that is, short-term bond yields are
above long-term bond yields—one may

safely infer that expected short-term rates
are lower than the current rate, even if there
are risk premia in the forward rates. Howev-
er, upward-sloping yield curves do not imply
that expected short-term rates are rising,
since flat or declining expected short-term
rates may be sufficiently augmented by ris-
ing risk premia to produce rising forward
rates. Chart 2 illustrates this phenomenon.?
These interpretations will be discussed
again in the review of recent theoretical
models of the term structure.

Preferred Habitat Hypothesis. A third
traditional theory is the preferred habitat
hypothesis, which posits that interest rates
along the yield curve result from market
forces in different maturity segments. Suffi-
ciently large risk premia or discrepancies
between investors’ and market expectations
of interest rates may lure investors away
from their preferred habitat. Thus, as Franco
Modigliani and Richard Sutch (1966) have
observed, “risk aversion should not lead in-
vestors to prefer to stay short but, instead,
should lead them to hedge by staying in their

Chart 1.
Liquidity Premium Theory

Rate
(Percent)

7.10

7.00
6.90 |-
6.80 |-
6.70 |-
6.60 |-

6.50 -

Yield Curve
ForwardRate ...
Expected Spot Rate ______

6.40 1 1 1 1 1

Time to Maturity (years)
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maturity habitat, unless other maturities
(longer or shorter) offer an expected premi-
um sufficient to compensate for the risk and
cost of moving out of one’s habitat” (184).4

Life insurance companies’ and pension
funds’ typical preference for investments in
longer-term bonds exemplifies preferred habi-
tats, as does depository institutions’ likely
penchant for short-term bonds. Life insurance
companies and pension funds have relatively
predictable long-term liabilities, which they
match against investments in long-term bonds
and other long-term assets. Similarly, deposi-
tory institutions tend to fund relatively short-
term loans with short-term liabilities. Their
bond holdings, therefore, also tend to have
short-term maturities.

The supply and demand for bonds within
each habitat is assumed to have an impact
on interest rates; bonds of different maturi-
ties are not considered perfect substitutes.
In short, institutional characteristics, not
just interest-rate expectations, play a role
in determining the term structure. An earli-
er version of this theory, the market seg-

mentation hypothesis, assumed a rigid seg-
mentation of markets, which is now general-
ly regarded as implausible. The preferred
habitat hypothesis synthesizes the expecta-
tions and market segmentation hypotheses.

Innovations in Modeling the Term
Structure

In 1973 Fischer Black and Myron Scholes
published their pathbreaking article, “The
Pricing of Options and Corporate Liabilities,”
which transformed not only academic finan-
cial research but also actual financial practice.
Their celebrated formula allowed academics
and practitioners alike to price all kinds of
contingent claims.® The theory proved to
have very broad applications. John C. Cox,
Stephen A. Ross, and Mark Rubinstein (1979)
have noted that option-pricing theory “ap-
plies to a very general class of economic
problems—the valuation of contracts where
the outcome to each party depends on a

Chart 2.
Liquidity Premium Theory
Rate
(Percent)
8.00
=
7.80
7.60
Yield Curve
7.40 Forward Rate ........................
Expected Spot Rate—--——-
7.20
F7.00 B ol o T S e e e ey e i s D Ll S
6.80 L l L 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10

Time to Maturity (years)
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quantifiable uncertain future event” (230).
Term structure modeling is one area of finan-
cial research that has benefited from the ad-
vent of modern option-pricing theory. A
detailed review of two general approaches,
using two specific models, will develop the
connection between option-pricing theory
and term-structure modeling. The two models
highlight the basic directions of recent re-
search.

The Ho and Lee Model. Proposed by
Thomas S.Y. Ho and Sang-Bin Lee in 1986,
the Ho and Lee model is a useful starting
point in the exposition of term-structure
models because it uses what is called a lat-
tice approach. The lattice approach to option
pricing explicitly conveys what is meant by a
“quantifiable uncertain future event.” The
basic problem to model is how the price of a
zero-coupon bond changes from the present
to its future maturity date. Only at the present
moment and at the future maturity date is
the bond price known with certainty. The Ho
and Lee model is one attempt to quantify the

evolution of bond prices over time. As will be
illustrated below, this quantification is essen-
tial to pricing contingent claims on bonds.

Ho and Lee abstract from the complexities
of actual bond price movements by assuming
(1) that a bond price moves only at fixed in-
tervals over time (for example, every day or
every minute) and (2) that they move either
up or down when they change. The up or
down price changes have an associated prob-
ability of occurring, of, say, 20 percent and 80
percent, respectively. Thus, starting from
some known price at the current date, future
price changes are restricted to evolve by suc-
cessive up or down movements, which trace
out a tree or lattice pattern.

Chart 3 illustrates the branching process
that begins with the initial discount bond
price. The initial bond in the example has fif-
teen months (five quarters) to go before ma-
turity, when it will pay S1. The yield to
maturity is assumed to be 9 percent, and the
current price is $0.894. The annualized yield
to maturity appears in parentheses. Succes-

Chart 3.
Evolution of Bond Prices in the Ho and Lee Model
(vields in parentheses)

B
971 (11.8%) 967 (13.4%)
975 (10.2%) 1940 (12.3%)
948 (10.7%) 1
979 (8.6%) 919 (11.2%)
956 (9.1%) 970 (12.2%)
931 (9.6%) 974 (10.6%)
.983 (7.0%) 904 (10.1%) 945 (11.1%)
963 (7.5%) 978 (9.0%)
942 (8.0%) 954 (9.5%) 973 (11.0%)
919 (8.5%) 928 (10.0%)
894 (3.0%) 982 (7.4%) 977 (9.4%)
961 (7.9%) 952 (9.9%)
939 (8.4%) 976 (9.8%)
915 (8.9%) 981 (7.8%)
959 (8.3%)
936 (8.8%) 980 (8.2%)
957 (8.7%)
979 (8.6%)
5 4 3 2 1 0

Time to Maturity

Note: The one-period bond appears at the top of each column; time to maturity increases by one period with each successive row.
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sively shorter-term bond prices and yields
appear above the 9 percent, fifteen-month
bond. Thus, the entire term structure is given
in the far left-hand column (five quarters to
maturity), starting at the top of the list with a
7 percent, three-month bond that matures
(and disappears) in the next column and ex-
tending to the longest maturity bond, the 9
percent bond at the bottom of the list. The il-
lustration is therefore given for an upward-
sloping term structure.

The tree fans out from the initial price as
up and down possibilities proliferate at each
future point in time. Each path through the
branches to any particular vertex or node in
the tree diagram represents a particular suc-
cession of up and down price movements.
These movements correspond to the realiza-
tions of particular “states,” which are the pos-
sible random outcomes schematically
depicted in the tree diagram. After one peri-
od elapses from the initial date, two states
are possible; after two periods, three states;
and so forth. In other words, time is mea-
sured horizontally, although states are indi-
cated vertically in the tree diagram. The tree
therefore depicts the value of a particular
bond in all states as it approaches maturity.
In this example, the bond initially has five
periods to mature, then four, then three, and
so forth. The final branches in the diagram
end with S1 in all states, since the bond’s
value at maturity is known with certainty. The
branches link the path of the initial five-
quarter bond as it approaches maturity. The
shorter-term bonds could also be joined in
this fashion to show their progression.

The essential idea behind the evolution of
the bond price tree is that the forward rates
implied by the initial term structure would
actually be the future short-term rates to pre-
vail in the absence of disturbances or shocks
causing changes in interest rates. In the Ho
and Lee model, bond prices throughout the
tree result from perturbations of the initial
implied forward rates. Any state price at a
given time represents the initial implied for-
ward rate altered by an accumulation of up
and down shocks, resulting in a particular po-
sition in the tree diagram. Moreover, the size
of the price changes, governed by the pertur-
bation function, is restricted in such a way

FEDERAL RESERVE BANK OF ATLANTA

that no arbitrage profits can be realized; that
is, the internal consistency of the model re-
quires that no arbitrary portfolio of discount
bonds of different maturities can be formed
that earns more than the risk-free rate when
the portfolio is perfectly hedged (risk free).

To see how prices are related in the tree
diagram, consider any two adjacent state
prices. The node marked “A” in Chart 3 is de-
rived as the discounted value of the two cer-
tain S1 payoffs at the maturity date, each of
which has an equal chance of occurring in this
example (that is, the probability is 0.5). The
discount factor of 0.967 at node A is in fact
the price of a one-period discount bond. This
discount factor was computed using Ho and
Lee’s formula for the perturbation function
evaluated at this particular node.® All state
prices for time 1 are one-period prices. For
all earlier periods the bond prices are com-
puted using the same recursive procedure.
At node B the price is again the weighted av-
erage of two future bond prices times the
one-period bond price:

(0.5 x0.940 + 0.5 X 0.945) x 0.975 =0.919 .

This calculation represents a discounted
expected value since at node B there are two
possible future outcomes. Either the bond
price rises to 0.945 or falls to 0.940. The aver-
age of these is discounted to time 3 using the
one-period bond price for time 3. Again, the
discount factor is the one-period bond price,
0.975, determined one period earlier (at the
top of the bond price list for node B). In sum-
mary, the tree diagram represents an expect-
ed value calculation, for which the known
initial bond price of 0.894 is the final outcome.

At first glance the tree diagram may not
seem very useful since the final computation
is a bond price that was already known at the
outset. However, the important aspect of this
exercise is that the various price paths (pos-
sible branching patterns) are fully described
in the tree. This quantification of a bond’s fu-
ture state prices is essential for contingent
claims pricing.

A characteristic of this type of lattice model
is that the order of up and down movements
does not matter; instead, the cumulative
number of up (or down) moves from the initial
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node determines the price at any future
time-state node. Inspection of the tree re-
veals that, from any interior node, moving
rightward first up and then down is identical
to moving down, then up. This restriction
plays an important role in valuing bonds in
this model. Also, the initial upward-sloping
term structure retains its slope regardless of
its location in future periods, but the levels
change. In fact, all interest-rate movements
are perfectly correlated in the Ho and Lee
model. More complex models that will be
considered below avoid this unrealistic fea-
ture.

Another drawback of the model is the fact
that, depending on the model's parameter
values, some bond prices may exceed face
value before maturity. This outcome along a
price path implies that the bond’s interest
rate is negative. Peter Ritchken and Kiekie
Boenawan (1990) prove that such an occur-
rence represents an internal inconsistency
of the model and show how to modify the
model to preclude negative interest rates.

Charts 3 and 4 were produced using the
Ritchken-Boenawan modification.

Despite its limitations, the Ho and Lee
model has the virtue of clearly and simply il-
lustrating how the current term structure is
derived as the discounted expectation of the
future bond payoffs. More recent models of
this type rectify some of these limitations
and consequently are transforming this mod-
eling approach into a more useful tool for ap-
plications as well as theory.

A Shift in Risk Aversion. The term-structure
movements depicted in Chart 3 are assumed
to be generated in a world in which investors
do not need to be compensated for bearing
interest-rate risk. If investors’ preferences
shifted to become risk averse with respect to
interest-rate risk, what effect would that have
on the evolution of bond prices? In general,
the expected rate of return for an asset would
have to increase for the investor to continue
holding that asset willingly. For illustrative
purposes, the probability of an upward move
was assumed to be the same as the probabil-

Chart 4.

Ho and Lee Model Shift in Risk Aversion Bond Prices

978 (8.7%)
955 (9.2%;
_ 1930 (9.7%
983 (7.0%) 1903 (10.2%)
963 (7.5%§
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ity of a downward move in Chart 3. The in-
crease in risk aversion is quantified as an in-
crease in the probability of an upward move
from 50 percent to 60 percent. These proba-
bilities are arbitrarily chosen to show the
change in the evolution of bond prices. Any
increase in the up-move probability would
accomplish the same end.”

The Ho and Lee model takes the initial
term structure as given in the course of valuing
future bond prices and contingent claims.
Consequently, a shift in preferences is consid-
ered to occur after the initial period. Chart 4
gives the new tree diagram, starting with the
same initial term structure as Chart 3 and also
ending with bond prices equal to par upon
maturity in period 5. However, the rate of
price appreciation in Chart 4 is always greater
(or bond prices are everywhere lower), re-
gardless of the path taken through the tree
diagram. The terminal payoff of $1 is the
same in both diagrams. The downward shift
in prices across all states and times occurs
because the discount rates have increased
because of the rise in risk aversion. In other
words, interest rates are always greater in
Chart 4, which reflects the risk premium now
included in rates.

The Cox-Ingersoll-Ross Model. The Cox-
Ingersoll-Ross model takes an approach to
valuing fixed-income securities and their con-
tingent claims that is fundamentally different
from Ho and Lee’s. The basic difference is
that the former is a general equilibrium mod-
el, whereas the latter is a partial equilibrium
model. Essentially, the Cox-Ingersoll-Ross
approach has a deeper theoretical founda-
tion and hence more ambitious goals in
terms of economic modeling. The practical
distinction is not as sharp at the level of us-
ing these models to value bond options.

The Ho and Lee model is a partial equilib-
rium model in the sense that the initial term
structure and the process generating shifts in
that structure are assumed to be given out-
side of the model—that is, they are deter-
mined exogenously. On the other hand, as will
be discussed below, the Cox-Ingersoll-Ross
model takes investor preferences and unfore-
castable shocks to physical investment op-
portunities as given. That is, term-structure
movements themselves are explained within
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the context of the model; they are explained
endogenously. The importance of this general
equilibrium formulation will become appar-
ent after some preliminary discussion.

The Cox-Ingersoll-Ross model can be
stripped of its underlying general equilibri-
um structure, rendering it a partial equilibri-
um model. This simplification is a useful
starting point for understanding this type of
model. In fact, a number of similar models
originated at about the same time as the Cox-
Ingersoll-Ross model, but these were con-
ceived as partial equilibrium models.8

Another difference between the Cox-
Ingersoll-Ross and Ho and Lee models is
that the former uses continuous-time
mathematics, which demands considerably
greater technical sophistication than does
the discrete-time mathematics of the Ho and
Lee model. The use of continuous-time mathe-
matics requires assumptions that all bonds
and other financial instruments trade at every
moment in time—that is, continuously—and,
furthermore, that bonds mature at every mo-
ment in time. While highly artificial, this kind
of model allows the tools of continuous-time
mathematics to deliver pricing formulas for
bonds and other financial instruments. In
fact, the original Black-Scholes formula was
derived using continuous-time mathematics.?

The simplest version of the Cox-Ingersoll-
Ross model assumes that the term structure
can be expressed as a function of one vari-
able, the instantaneous risk-free rate or spot
interest rate, that is, the interest rate on a
bond that matures at the next “instant” in
time. The continuum of bond prices along the
term structure is expressed solely as a func-
tion of the spot rate and time (or, equivalent-
ly, time to maturity). All shocks to the term
structure therefore emanate from the spot in-
terest rate, which in fact is a proxy variable
for the fundamental uncertainty in the econo-
my. To give more content to this formulation
requires appending the full general equilibri-
um structure of the economy to the model. In
contrast, the partial equilibrium model sim-
ply posits the instantaneous rate as the
source of random fluctuations in the term
structure. The spot interest rate is referred to
as a “state variable,” a variable that summa-
rizes information about uncertainty in the
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The Term Structure under Certainty

The question to be answered is, how is the
yield on a one-year bond (the “short” rate) re-
lated to the yield on a two-year bond (the
“long” rate)? Alternatively phrased, for a two-
year investment horizon, what governs the de-
cision to select a sequence of two consecutive
one-year bonds or one two-year bond? Of
course, the answer is that one chooses the al-
ternative that offers the highest yield, but this
response must include an important qualifica-
tion. The choice hinges on what the investor
expects the yield will be on the one-year bond
to be issued one year hence. Given that expec-
tation, the investor would choose the higher-
yielding alternative. However, if there were
uncertainty about the future one-year yield,
the investor might choose the certain yield on
the two-year bond instead. For now we assume
that investors hold their expectations with cer-
tainty. Certainty means that the expectation
will actually be realized in the future.

Investors obviously have strong incentive to
seek out the highest return on investments of a
given riskiness.! This behavior influences the
term structure by bidding bond prices, and
therefore yields, to a level that reflects the
market sentiment about future interest rates.
For example, suppose that an investor ob-
serves the one-year bond to be currently yield-
ing 5 percent and the two-year bond, 6 percent
annually and that the investor believes that the
future one-year yield will be 8 percent. To
make an investment decision, the investor
must determine what the future short rate is
implied by market interest rates. For the in-
vestor to be indifferent about the investment
alternatives over the two-year horizon, the total
holding-period rates of return must be equal,
that is,

2 X 6% = 5% + future short rate;
future short rate = 7%.2

In other words, the fixed annual yield on the
two-year bond summed over two years must
equal the sum of the short rate and the expect-
ed future short rate. Although the future short
rate is not directly observed, it is implied by
the one-year and two-year bond rates and is
usually referred to as the implied forward rate.
In this example assuming certainty about ex-
pectations, the forward rate is the same as the
expected future short rate.

Given his or her expectation that the future
short rate is 8 percent, the investor would ratio-
nally choose to buy the current one-year bond
and roll over that investment into the future
one-year bond. This sequence of bonds would
be equivalent to a two-year bond currently of-
fering about 6.5 percent, as compared with the
actual yield of 6 percent. The reason that the
two-year bond is currently mispriced at 6 per-
cent could be, for example, that investors re-
ceived news leading them to expect higher
inflation a year from now (raising their expect-
ed short rate). Their investment choice bids
down the price of the two-year bond and
hence bids up its yield. Once that yield reach-
es 6.5 percent, the bond market is back in
equilibrium—investors are again indifferent
about the investment alternatives. On the oth-
er hand, if the expectation were, say, for a 5
percent future one-year bond yield, investors
would choose the two-year bond and conse-
quently bid down its yield.

In this example, investors are said to have
exploited an arbitrage opportunity. They
have profited from the temporarily mispriced
two-year bond without taking any risk.? Ad-
mittedly, this example is highly artificial be-
cause expectations are held with certainty;
hence, there is by definition no risk. Howev-
er, this kind of analysis carries over into a
more realistic world characterized by uncer-
tainty.

Notes

! All bonds are simply assumed to exist and hence no
consideration is given to borrowers’ behavior, that is,
to the decision to issue bonds of particular maturi-
ties. Since the discussion applies to default-free
bonds—namely, Treasury securities—ignoring the
issuer does not detract from the analysis.

2Allowing for compounding of interest, the calcula-
tion is as follows: (1.06)2 = (1.05)(1 + future short
rate). The future short rate is therefore approxi-
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mately 7.0095 percent. Thus, the arithmetic aver-
age used in the text is fairly accurate in this exam-
ple.
3For the above example, the arbitrage was indirect
since it involved selecting the better investment. A
standard arbitrage transaction for this case would
entail buying the higher-yielding investment alter-
native by selling the lower-yielding one; that is, ar-
bitrage profits would be earned with a zero net
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investment. Profits are ensured since the yields
must eventually equilibrate.

This version of the example assumes that bor-
rowing and lending rates are equal and that the
proceeds from selling the lower-yielding bond

economy. More complex models can be con-
structed by including more state variables,
each of which convey independent bits of in-
formation about shocks to the term structure.
A fuller interpretation of state variables will
be possible once general equilibrium mod-
els are considered.

The Cox-Ingersoll-Ross model restricts the
behavior of the spot rate by supposing that,
although random in its movements from one
instant in time to another, the spot rate
tends to “revert” to a long-term level and
never becomes negative. It is prevented from
becoming negative because negative real in-
terest rates are not economically meaningful
in the context of their model. This restriction
alone is not sufficient for a realistic model
since the spot rate would exhibit too much
variability over time. Thus the assumption of
mean reversion was incorporated. Note that
the original Ho and Lee model, cast in terms
of nominal bond prices and interest rates,
does allow negative interest rates and does
not have a mean-reversion property.!?

Valuing a bond using the Cox-Ingersoll-
Ross model, like the Ho and Lee or any other
valuation model, entails computing the ex-
pected value of the discounted payoff. In-
stead of positing a discrete number of states
upon expiration of a bond as in Ho and Lee,
the Cox-Ingersoll-Ross model allows for a
continuum of outcomes. Again, bond valua-
tion means determining the expected value
of the discount factors to be applied in the
continuum of states, since the maturity value
of a bond is always par. The chief obstacle to
making this determination is that the dis-
count factors are unknown for risk-averse in-
vestors. Fortunately, the option-pricing
methodology that originated with Black and
Scholes provides an ingenious solution.

Risk-Neutral Valuation. With certain as-
sumptions, option valuation can be formulat-
ed in such a way that knowledge of investors’
risk aversion (that is, their discount functions)
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“short” are immediately and fully available to buy
the higher-yielding bond. In general, arbitrage con-
notes risklessly profiting from buying a good at a
lower price and selling it at a higher price in the
same or another market.

becomes irrelevant. This approach applies to
many kinds of option-pricing problems
though, unfortunately, not directly to term-
structure applications for reasons to be dis-
cussed shortly. Although step-by-step details
pertaining to option valuation are beyond
the scope of this article, some background on
the manner in which risk aversion is treated
in valuation will aid the understanding of
term-structure models. If certain assumptions
are imposed—continuous trading, continu-
ous price dynamics, and the property of non-
satiation (that is, that investors always prefer
to consume more rather than less)—valua-
tion may proceed as if in a risk-neutral world,
one in which the discount rates contain no
risk premia and thus are observable.!! Valua-
tion is said to be preference free. This line of
reasoning has become known as the Cox-
Ross risk-neutrality argument, first expound-
ed in Cox and Ross (1976), and is a useful
starting point for considering valuation of
interest-rate contingent claims.

The validity of the risk-neutrality argument
depends on the construction of a so-called
hedge portfolio consisting of the derivative
asset (for example, options) and underlying
assets (like stocks) that are traded in such a
way that the portfolio is without risk. The
hedge portfolio would be constructed so
that, for instance, a rise in the value of the
stock component would be exactly offset by a
fall in the value of the option component and
vice versa. Because the portfolio is riskless,
any funds invested in it would have to earn
the risk-free rate of interest; otherwise, arbi-
trage would be induced between the hedge
portfolio and the risk-free asset. The value of
the portfolio’s components can be deter-
mined without regard for risk premia. No mat-
ter what the actual degree of risk aversion, the
fact that the portfolio is riskless means that
the expected rate of return on its components
can be assumed to be the riskless rate as well.
In other words, the same option price would
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be derived for any discount rates (if they were
known). Thus option pricing proceeds using
the preference assumption that makes valua-
tion easiest: risk neutrality.!?

Allowing for random interest rates compli-
cates the valuation process. The crucial as-
pect of the risk-neutrality argument is that
the stock or underlying asset is itself the
state variable and is a traded asset. However,
the instantaneous interest rate is not a trad-
ed asset and therefore cannot be used di-
rectly in constructing a hedge portfolio.
Unlike the hedge portfolio used in deriving
the Black-Scholes option pricing equation,
risk cannot be eliminated in such a way that
valuation is preference free.

Nevertheless, the problem of valuing
bonds of differing maturity, each of which
may require a different and unobservable ex-
pected rate of price appreciation (in order to
be held willingly by the investor), can be
simplified. It is usually assumed that the
bond price depends only on the state vari-
ables (in this case, the instantaneous interest
rate) and time. A hedge portfolio can be
formed, but doing so requires knowing some-
thing about risk preferences in the economy.
In particular, for the Cox-Ingersoll-Ross mod-
el forming a riskless hedge portfolio implies
that all bonds have the same return-to-risk
ratio in equilibrium. That ratio reflects risk
preferences. The basic idea is that any two
bonds of arbitrary maturity can be traded in
such a way (in a hedge portfolio) that they
are a perfect substitute for any other bond of
arbitrary maturity.

The excess return for a bond of one matu-
rity (over the risk-free rate) relative to that
bond’s volatility (the standard deviation of
its rate of return) must in equilibrium equal
the excess return on another bond of differ-
ent maturity relative to its volatility. This may
be expressed mathematically as:

K —r M

- 2

= e E AMr,t),
cl 62

where p,and p, are the expected bond re-
turns, o, and o, are the bond volatilities, r is
the risk-free rate, and \ is the market price of
instantaneous interest-rate risk.'> The func-
tion \ can be a function of the state variable
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and time (though often it is assumed to be a
constant), but it cannot be a function of any
bond'’s maturity since all bonds are related to
\ by the above equation. If this relationship
did not hold for bonds of any maturity, arbi-
trage would be possible. Investors would al-
ways choose the bond with the highest excess
return-to-risk ratio, thereby raising the bond’s
price and reducing its excess return until the
bond'’s excess return-to-risk ratio equals \.

Hence, the simplification used in the Cox-
Ingersoll-Ross model and other continuous-
time term-structure models is that, rather
than needing to know the exogenous expect-
ed return for each bond, the only exogenous
element that needs to be identified is the
market price of interest-rate risk, which by
hypothesis is shared in common by all
bonds.!* This parameter must be estimated
from actual bond price data to use the Cox-
Ingersoll-Ross or other similar model. Once
the market price of interest-rate risk is esti-
mated, valuation proceeds using risk-neutral
pricing methods. The end result is a formula
to price bonds of any maturity. In the context
of the Cox-Ingersoll-Ross model, the bond
price is solely a function of the spot rate of
interest and the bond’s time to maturity. In
more general versions of the model, the
bond price is a function of the underlying
state variables and time to maturity. To sum-
marize, interest-rate contingent claim pricing
does involve making a risk adjustment in ar-
riving at a pricing formula, but valuation is
not preference free.

Speaking in terms of risk-neutral valuation
in the context of term-structure models is
something of a misnomer. Investors are not
necessarily risk neutral when \ is zero. They
may be risk averse, but, because of the un-
certainty resulting from randomness in the
spot interest rate (or, more generally, uncer-
tainty stemming from the state variables),
their risk aversion is such that they do not re-
quire a risk premium. These risk-averse in-
vestors’ “portfolio decisions are completely
myopic being made with no regard for hedg-
ing against changes in the state variables
[which affect future output and consump-
tion]” (Cox, Ingersoll, and Ross 1981, 783).
Consequently, all future payoffs are discount-
ed using risk-free rates, just as in those cases
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where the Cox-Ross risk neutrality argument
applies. In pointing out this subtlety, Cox, In-
gersoll, and Ross (1981) chose to call the case
in which the factor risk premia are zero the
“local expectations hypothesis” rather than
the risk-neutral expectations hypothesis.!®

T A AR
An Illustration of the Cox-Ingersoll-
Ross Model

Charts 5 and 6 are examples of the single-
factor Cox-Ingersoll-Ross model, the simplest
of their models. Its key features are illustrat-
ed in the graphs. The spot interest rate re-
verts to a long-term rate of 7 percent. Since
expected spot rates are above the observed
yield curve, any initial spot rate below the
long-term rate results in an upward-sloping
term structure. Any yield along the term
structure can be expressed as a continuous-
time average of the current spot rate and the
expected spot rates. This relationship has a
precise formula in the Cox-Ingersoll-Ross
model. The expected spot rates were com-

puted by formula in graphing their curves in
Charts 5 and 6. Chart 6 shows a spot rate that
is above its long-term rate, and consequent-
ly the term structure slopes downward. The
rate at which the spot rate reverts to its
long-term level is an important parameter
that governs how the term structure moves
over time. The other critical parameter af-
fecting the term structure is the volatility of
the spot rate.

Another feature of the single-factor Cox-
Ingersoll-Ross model is that bonds of suffi-
ciently long maturity have yields that are
independent of the spot rate. This long-term
yield, denoted as the consol rate (the yield
on an infinite-maturity bond), appears as a
heavy dotted line in all of the relevant charts.
As maturity increases, the yield curve ap-
proaches this limiting yield “asymptotically,”
that is, very gradually. In contrast, multifactor
models do not have the unrealistic character-
istic that long-term bond yields are constant.
The model developed by Michael J. Brennan
and Eduardo S. Schwartz (1979) and another
by Stephen M. Schaefer and Schwartz (1984)
are two-factor models that include the consol
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Chart 5.
Cox-Ingersoll-Ross Model
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rate as an instrumental variable. This kind of
model allows randomness to affect the term
structure from opposite ends of the maturity
spectrum. In fact, Ren-Raw Chen and Louis
Scott (1990) have found that allowing for two
and three factors greatly improves the fit be-
tween term-structure model bond prices and
actual market bond prices.

As discussed earlier, risk aversion drives a
wedge between forward rates and expected
future spot rates. Yet risk aversion is not the
only factor that separates forward from ex-
pected future spot rates. Charts 5 and 6 show
separate forward rates and expected future
spot rate curves even though the market
price of instantaneous interest-rate risk is ze-
ro. This type of discrepancy was first explicat-
ed by Stanley Fischer (1975) in considering
the effect of inflation on nominal interest
rates and then by Scott F. Richard (1978) in
his two-factor term-structure model. Terence
C. Langetieg (1980) observed that only in a
world of certainty, not just risk neutrality,
would risk premia be zero.

Cox, Ingersoll, and Ross (1981) gave a
comprehensive analysis of the phenomenon,

which arises from a mathematical condition
known as Jensen’s inequality.!® A nontechni-
cal explanation is that equality of forward
and future expected spot rates implies a
particular type of bond pricing equilibrium,
one that is not generally compatible with
other types. If, for example, the local expec-
tations hypothesis is true and therefore a
bond’s current price is the expected dis-
counted value of its face value, where the
discount factor is a function of all the instan-
taneous spot rates expected to prevail up to
the maturity date, then forward rates cannot
equal expected spot rates in equilibrium. In
fact, the bond yield implied by equality of
forward and expected spot rates is greater
than the yield implied by the local expecta-
tions hypothesis.

In other words, even for a zero market
price of spread risk, forward rates are biased
predictors of future expected spot rates for
a reason that has nothing to do with risk pre-
mia. However, Charts 5 and 6 make it appar-
ent that the discrepancy between forward
and expected future spot rates is very
small—only a few basis points (based on re-

Chart 6.
Cox-Ingersoll-Ross Model
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alistic parameter values for the Cox-Ingersoll-
Ross model).!”

Charts 7 and 8 are based on the same
model generating Charts 5 and 6, but the
market price of instantaneous interest-rate

risk is now negative, giving rise to positive
risk premia. The expected spot-rate curve is
the same as before; however, the forward-
rate curve now rises above its level in the
earlier charts because of the effect of risk

Chart 7.
Cox-Ingersoll-Ross Model
Rate (market price of risk = —.05)
(Percent)

7.50

7.00 -

6.50 b=

6.00

Yield Curve

450 ] ] ] ] 1 1 1 1 1 ]
0 1 2 3 4 5 6 7 8 9 10

Time to Maturity (years)

Rate
(Percent)

0.35

Risk Premium

0.30 |-

Risk Premium

0 1 2 3 4 5 6 7 8 9 10

o

o

o
-

Time to Maturity (years)

FEDERAL RESERVE BANK OF ATLANTA 17
Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



S B I oo A 0 T T e e M 2 S AT R S O SO~

Chart 8.
Cox-Ingersoll-Ross Model
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premia. Consequently, the yield curve is
higher everywhere in Charts 7 and 8 than it
was in Charts 5 and 6.

The risk premium graphed in the inset be-
low the yield curves in Charts 7 and 8 repre-
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sents the difference between the instanta-
neous expected rate of return on a bond of a
given maturity and the expected rate of re-
turn on a bond that is an instant from matur-
ing (the spot interest rate). This is the risk
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premium concept used by Cox, Ingersoll, and
Ross, which they refer to as the term premi-
um. For both upward- and downward-sloping
yield curves, the risk premium curve increas-
es with the maturity of the bond. In fact, for
this model the risk premium is proportional
to the interest elasticity of the bond price.
That elasticity rises with the maturity of the
bond. In other words, a | percent increase (or
decrease) in interest rates depresses (or ele-
vates) longer-term bond prices more than
shorter-term bond prices. Thus, the Cox-
Ingersoll-Ross model gives a risk premium
structure similar to that predicted by the lig-
uidity premium hypothesis. The actual inter-
pretation is different, however, and will be
discussed in the next section.

Other models give more complex risk pre-
mium behavior. For example, a one-factor
model proposed by Francis A. Longstaff
(1989), which in many respects is similar to
the Cox-Ingersoll-Ross model, produces a
risk premium that does not simply increase
with maturity; that is, it can have a humped
pattern as well that may lend greater realism
to the model.

General Equilibrium. Up to this point, the
risk premium has been simply a quantity that
separates forward rates from expected spot
rates. Neglecting the effect of Jensen's in-
equality, the risk premium’s impact is the
same in the liquidity premium and preferred
habitat hypotheses. Cox, Ingersoll, and Ross
(1985a, b) allowed a fuller interpretation of
the risk premium by embedding their term-
structure model in a larger model of the
economy. Particularly since the 1970s, eco-
nomic theory has placed greater emphasis on
the rational maximizing behavior of individu-
als; Cox, Ingersoll, and Ross sought to incor-
porate such behavior explicitly into a
term-structure model (and, more generally,
in any model for valuing asset prices).

Individuals in the Cox-Ingersoll-Ross mod-
el's hypothetical economy are identical and
rational in the sense that they know the struc-
ture of the economy and all relevant informa-
tion for the decisions that they make. They
seek continually to achieve the highest level
of satisfaction possible, or, in more technical
language, they maximize their “utility func-
tions” through time. They are endowed ini-
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tially with a certain amount of wealth, which
they use to invest in the productive process-
es of the economy, purchase financial assets
(which enable them to defer consumption to-
day to a future date), and consume the econ-
omy's single output. Whatever output goes
unconsumed is invested to produce more fu-
ture output.

The individual’s maximization problem is
to decide on the optimal amount of each of
these activities to undertake. The decisions
will depend in part on their attitude toward
risk, which is mathematically represented
as an element of their utility function. Risk
in this hypothetical economy derives partly
from shocks to production that change
wealth and comsumption over time. A big
rise in the price of oil or the occurrence of
drought are examples of such shocks. Pro-
duction is also uncertain because of shocks
to technology, which are modeled as the
random evolution of a set of state variables.
These state variables have no further inter-
pretation, other than being the basic
sources of uncertainty.

The optimizing decisions of the in-
vestor/consumer result in an economic
equilibrium that includes equilibrium asset
prices and interest rates. There are many
implications of the Cox-Ingersoll-Ross gen-
eral equilibrium model. The one to be em-
phasized here is the nature of the risk
premium. Any security’s rate of return in ex-
cess of the risk-free rate depends on its
sensitivity to changes in wealth and to
changes in each of the state variables. Cox,
Ingersoll, and Ross (1985a) give the follow-
ing interpretation of the risk premium: “Just
as we would expect, individuals are willing
to accept a lower expected rate of return on
securities which tend to pay off more highly
when marginal utility is higher. Hence, in
equilibrium such securities will have a low-
er total risk premium” (376). What individu-
als ultimately care about is the flow of
consumption they enjoy over time. Chang-
ing their securities portfolios is one way
they achieve this goal. When times are lean
and consumption is relatively low, the satis-
faction from each additional increment to
consumption—that is, its marginal utility—
is high. (It is assumed that as consumption

19

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



Digitized for FRASER

rises, marginal utility falls, which is to say
that additional consumption carries less
utility value.) Trading in securities is the
method by which individuals smooth con-
sumption (and raise utility). Because they
have limited wealth, (in other words, bud-
get constraints), individuals must prefer
some securities more than others. In partic-
ular, securities that pay most when con-
sumption is low are more valuable than
those that pay most when consumption is
high. Consequently, securities that yield
most in lean times bear higher prices and
hence lower risk premia. That is, their re-
turn in excess of the risk-free rate will be
lower since risk-averse individuals prefer
these kinds of securities. In other words,
some securities are better at hedging cer-
tain kinds of risk than other securities, and
the value of such securities will depend on
investor preferences.

Risk-neutral consumers/investors do not
care about fluctuations in their consumption
flows or investment opportunities. As a result,
they would not be willing to pay a premium
for the hedging characteristics of any security;
all securities would earn the risk-free rate in
equilibrium. As mentioned above, however,
individuals can be risk averse (specifically, by
experiencing diminishing marginal utility with
respect to consumption or, equivalently,
wealth) but not require any risk premia. As
Cox, Ingersoll, and Ross (1981) have pointed
out, such a combination could occur if
changes in the marginal utility of wealth were
unaffected by changes in the state variables.
Such conditions should be regarded as ex-
ceptional, though, and not realistically charac-
teristic of the economy.

The general equilibrium structure pro-
vides a more detailed interpretation of a
term-structure model. In particular, the one-
factor Cox-Ingersoll-Ross model includes the
specialized assumption that the risk premium
does not depend on wealth but represents
the “covariance of changes in the interest rate
with percent changes in optimally invested
wealth (the ‘market portfolio’)” (Cox, Ingersoll,
and Ross 1985b, 393). In the one-factor model,
a single state variable, which is unobservable,
summarizes all underlying uncertainty. How-
ever, the spot interest rate depends on that
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state variable; it determines all movements in
the spot rate. The state variable represents
changes in physical investment opportunities,
which in turn account for all variations in
wealth. Thus, risk depends on how changes in
bond prices determined by the spot rate
vary with changes in wealth. Bonds that are
better hedges against shifts in investment
opportunities (and hence wealth) are more
highly valued and carry lower risk premiums.
For example, in the one-factor Cox-Ingersoll-
Ross model if wealth tends to decline as the
spot interest rate rises (the wealth-spot rate
covariance is negative), then short-term
bonds will carry lower risk premiums than
longer-term bonds because they are subject
to smaller capital losses. Because long-term
bond prices decline more than short-term
bond prices in response to a rise in the spot
rate, long-term bonds are riskier to include
in the wealth portfolio and require a greater
risk premium as compensation. Similar rea-
soning applies to the interpretation of the
risk premium arising in more complex multi-
factor models. This general equilibrium the-
ory of the risk premium has considerably
greater economic content than the compara-
tively vague notion that investors demand
risk premia for illiquid bonds.

The general equilibrium approach of the
Cox-Ingersoll-Ross model offers further in-
sights into how underlying economic variables,
such as shifts in investment opportunities, af-
fect the term structure. Partial equilibrium
models cannot reveal these linkages. In fact,
Cox, Ingersoll, and Ross (1985b) make the
point that partial equilibrium models can be
internally inconsistent. First, there may not be
any underlying equilibrium consistent with the
assumptions concerning the choice of state
variables, such as the spot interest rate, and
the way they evolve randomly over time. In
other words, the two assumptions may be in-
compatible. Second, arbitrarily selecting a
functional form for the risk premium (for exam-
ple, assuming that it is constant) may produce
a model that implies arbitrage opportunities—
a fatal modeling flaw.'8

From a modeling standpoint, the general
equilibrium approach is clearly preferable.
In terms of actually implementing a bond
pricing model, however, the difference be-
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tween partial and general equilibrium may
not be critical. Even if the general equilibri-
um model is internally consistent, it may mis-
price actual bonds as much as a partial
equilibrium version. Poor predictions can
stem from a misspecification of the actual un-
derlying economy if, for instance, the details
of the model are simply too far off. On the
other hand, a more complex, realistic model
might be impossible to use because essen-
tial parameters cannot be reliably estimated
given limited data about the actual economy.
Simpler models may perform better even if
they are internally inconsistent.

S S T L RS S T SR A I
Extensions and Variations on Term-
Structure Models

Cox, Ingersoll, and Ross (1985b) explore
some extensions of their basic model. They
show how to incorporate more state vari-
ables. This addition results in general equi-
librium multifactor models that are similar to
the earlier multifactor models of Brennan
and Schwartz (1979) and of Schaefer and
Schwartz (1984). As more factors are added,
the mathematical complexity increases con-
siderably, making these models cumber-
some. Simple formulas for pricing bonds are
not available; rather, computer-intensive nu-
merical methods must generally be used to
obtain bond prices.

Longstaff (1989) attempts to get better
performance out of a single-factor general
equilibrium model by allowing for nonlinear
behavior in the underlying state variable and
consequently also in the observable spot in-
terest rate. One impact of this nonlinearity is
to make the spot rate revert to its long-term
level more slowly from above than from be-
low. Greater flexibility and realism are
achieved because the possible theoretical
shapes of the term structure are more varied.
These attributes may model actual variations
in the term structure better than the simple
Cox-Ingersoll-Ross model.

Cox, Ingersoll, and Ross (1985b) also show
how to adapt their approach to value nomi-
nal bonds. Their original model does not in-
clude the existence of money or inflation.

They modify the model by incorporating the
aggregate price level as another state vari-
able and obtain a nominal bond-pricing for-
mula. Alternatively, they recast the entire
model in terms of nominal variables and de-
rive interest-rate and bond-pricing equations
similar in form to the real-variable model. In
this revised model, the instantaneous nomi-
nal interest rate equals the sum of the in-
stantaneous real interest, the expected
instantaneous rate of inflation, and a group of
terms that arise from the effects of Jensen'’s
inequality. In other words, the so-called Fish-
er equation, which states that the nominal
rate is the sum of the real rate and expected
inflation, does not hold (for the same mathe-
matical reason that forward rates do not
equal expected future spot rates even when
factor risk is zero). Richard’s (1978) is an earli-
er partial equilibrium model that included
expected inflation as one of two state vari-
ables.'?

The Cox-Ingersoll-Ross model has been
used in a number of recent applications in-
volving the valuation of interest-rate contin-
gent claims. Krishna Ramaswamy and Suresh
M. Sundaresan (1986) value floating-rate in-
struments, which have interest payments that
vary with current market rates, using the Cox-
Ingersoll-Ross single-factor model. The Cox-
Ingersoll-Ross model was adapted to valuing
the cash flows from such instruments. Louis O.
Scott (1989) prices default-free interest-rate
caps using the Vasicek and Cox-Ingersoll-Ross
single-factor models. John Hull and Alan
White (forthcoming) apply modified versions
of the Vasicek and Cox-Ingersoll-Ross mod-
els to price bond-options and interest-rate
caps, which are derivative instruments de-
signed to hedge floating-rate instruments.
Peter A. Abken (1990) uses the Cox-Ingersoll-
Ross single-factor model as a component of a
model to price default-risky interest-rate
caps. Sundaresan (1989) employs the Cox-
Ingersoll-Ross model in his valuation model
for interest-rate swaps, which are also hedg-
ing tools that have numerous forms and ap-
plications. A basic use is to convert fixed-rate
interest payments into floating-rate pay-
ments (or vice versa). Longstaff (forthcoming)
extends the Cox-Ingersoll-Ross single-factor
model to price options that have payoffs
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specified in terms of yields rather than
prices. His preliminary empirical work
demonstrates that the model predicts actual
traded yield option prices with greater accu-
racy than other existing models. Abken
(forthcoming) develops a swap valuation
model that allows for default risk on the part
of parties participating in a swap. The
Longstaff yield option model is a component
of his model.

The single-factor Ho and Lee model has
been extended into both discrete- and
continuous-time multifactor models by
David Heath, Robert Jarrow, and Andrew Mor-
ton (1987, 1988). Like the Ho and Lee model,
the Heath-Jarrow-Morton models use all the
information in the current term structure, but
they do so in a more sophisticated way,
avoiding the deficiencies of the Ho and Lee
model. In particular, the Heath-Jarrow-Morton
models preclude negative interest rates and,
since they are multifactor, do not imply per-
fectly correlated bond-price movements. The
models are specified in terms of the evolu-
tion of the forward rate rather than the bond
price as in Ho and Lee.

Unlike Ho and Lee’s, these models are
preference free, a characteristic that the au-
thors cite as a major advantage of their
method. Still, “fitting” the models to the actu-
al forward-rate curve is problematic, and in-
accuracies at this step become relayed into
inaccurate bond-option prices. Heath, Jarrow,
and Morton (1989) conducted an empirical
test of the earlier Heath-Jarrow-Morton (1987)
model and found that despite some prob-
lems, the test supports the model’s validity.

In a similar vein, Philip H. Dybvig (1988)
shows how to fuse the Ho and Lee model (or,
more generally, models incorporating the in-
formation in the current term structure) with
single- or multifactor state variable models.
He finds that a relatively simple single-factor
hybrid model fits the term structure very well
over time.

Robert R. Bliss, Jr., and Ehud I. Ronn
(1989a) have also extended and refined the
Ho and Lee approach by including a set of
state variables that affect movements in for-
ward rates (that is, the perturbation function
and the risk-neutral probabilities are func-
tions of the state variables). Their modeling

changes effectively prevent the occurrence of
negative interest rates as in the Ho and Lee
model and allow for a more flexible modeling
of interest-rate movements. In Bliss and
Ronn (1989b) the authors test their model by
valuing actual options on Treasury-bond
futures contracts. The results indicate a
systematic discrepancy between model pre-
dictions of option prices and actual option
prices. A possible explanation for the bias
(aside from actual options’ being mispriced)
is that their estimated perturbation functions,
based on past observed forward-rate move-
ments, do not sufficiently capture actual
movements in forward rates.

Naoki Kishimoto (1989) extends the Ho
and Lee model to enable valuation of assets
such as stock options, convertible bonds, and
junk bonds, for which risk stems not only
from future interest-rate changes but also
from other factors. The model combines the
features of the Ho and Lee term-structure
model with the Cox-Ross-Rubinstein method
of modeling asset-price risk.

Black, Emanuel Derman, and William Toy
(1990) have quite recently developed anoth-
er variation on the Ho and Lee model. Their
model posits a time-varying volatility for the
spot interest-rate process and assumes that
the spot rate is log-normally distributed,
thereby preventing the realization of nega-
tive values. Like Ho and Lee's, this model
does not give a simple formula for valuing ei-
ther bonds or interest-rate contingent claims
and consequently must be implemented as a
computer algorithm.20

B R
Contingent Claims Pricing

Having introduced the Ho and Lee model,
it is now easy to illustrate how an option can
be valued using this model and, by exten-
sion, any other term-structure model. Consid-
er a European call option on a discount
bond—a three-month Treasury bill. A call is
usually specified in terms of a bond’s price.
The option gives the holder the right to buy
the T-bill at a prespecified price upon expira-
tion of the option. To make matters easy, the
call is assumed to be European so that it may
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be exercised only upon expiration, unlike an
American option, which can also be exercised
earlier. The call in the illustration is assumed
to have an 11 percent strike or, equivalently,
a strike price of 0.973 (on a hypothetical T-
bill with S1 face value). The underlying T-bill
matures three months after the option. (Note
that the option cannot meaningfully expire at
the same time as the T-bill because the bill’s
price is known with certainty, that is, its price
equals its face value.)

The object of this exercise is to determine
the value of the call option when it has one
year remaining before expiration. The earlier
example from Chart 3 gives the state-price
evolution for the T-bill that is relevant for this
problem. Chart 9 repeats the T-bill price tree
but also includes the option prices at each
node of the tree. Again, the valuation process
starts from the expiration date at time 0. The
call option has value only when the T-bill
price is above the strike price of 0.973 (or
equivalently the annualized bill rate is be-
low 11 percent). Thus, the only positive op-
tion payoffs occur for the first two lower
entries in the column on the far right. The
rest of the computation proceeds exactly as

it did in Chart 3, except that the call option
payoff, not the bill price, is used in recur-
sively working back to the initial date. The
probability-weighted call option payoffs in
the time 0 column are averaged pairwise
and discounted using the three-month bill
price corresponding to realized state price
one period earlier. That bill price, shown in
Chart 3, is derived from Ho and Lee'’s formu-
la, which in turn is based on the initial term
structure of interest rates. Repeating the pro-
cedure back to the present time at quarter 4
before expiration gives an option price of
0.00101 on a face value of S1. Multiplying by
S1 million to be somewhat more realistic
gives a call option price of $1,010. This figure
can be converted into an interest rate, ex-
pressed in basis points (one-hundreths of a
percent), by dividing by 25.2! Therefore, for
every Sl million face value of T-bills, the call
option would cost 40.4 basis points.

More accurate valuation would be achieved
by dividing the time interval to expiration
more finely than into four quarters and there-
by increasing the number of branches in the
binomial tree. Still other models could be
used to value the call option; however, the Ho

Chart 9.
Ho and Lee Model Contingent Claim Valuation

Call Option on Three-Month T-Bill Price (Strike = .973 or 11%)
Value One Year before Option Expiration = $1,010 or 40.4 Basis Points
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and Lee model makes the mechanics of valua-
tion fairly transparent.

Cox, Ingersoll, and Ross (1985b) give a
closed-form solution for option prices based
on their single-factor model.? It is similar in
form to the Black-Scholes option-pricing for-
mula although more complicated. Farshid
Jamshidian (1989) has derived a closed-form
solution for pricing bond options based on
the single-factor Vasicek model. This formula
is much easier to use than the formula of Cox,
Ingersoll, and Ross. The choice of which to
use is an empirical question that is the sub-
ject of current research.

T e R R R AR S
Conclusion

This article has given an introduction to
the new types of term-structure models that
have appeared in the last fifteen years.
These models have evolved not only be-
cause of the option-pricing revolution trig-
gered by the Black-Scholes formula and its
stimulation of financial research but also as a
result of the rational expectations approach
in economics and finance. Research in this
field has also been motivated by the greater
asset-price volatility that has characterized fi-
nancial markets in recent years. In other
words, market demand has been growing for

term-structure models to help in the valua-
tion of increasingly complex financial instru-
ments such as interest-rate caps and swaps.
It can be expected that financial theory and
practice will continue to spur advances in
one another.

Much research time and money are cur-
rently being devoted to building better term-
structure and interest-rate contingent claims
pricing models. The benefits of improved
modeling have both academic and intellectu-
al significance to financial researchers as well
as dollars and cents payoffs to market practi-
tioners. Part of this research effort is devoted
to refining existing models to give the best
“fit” with actual market bond and option
prices. A number of researchers have ex-
plored the performance and accuracy of
some of the new term-structure models.?? It
is beyond the scope of this article to review
their evaluations, but it is important to note
that there tend to be trade-offs between
ease of use and model accuracy. The type of
application may also determine which model
is appropriate: a simple single-factor model,
for example, may be quite adequate for pric-
ing short-term bond options, while more
elaborate multifactor models may be needed
for accurate pricing of longer-term options,
which require greater precision in term-
structure modeling.

Notes

ISee Abken (1989) for an introduction to interest-rate
caps and Wall and Pringle (1988) or Smith, Smithson,
and Wakeman (1988) for an introduction to interest-
rate swaps.

2 Although uncertainty is sometimes regarded as connot-
ing risks that are not measurable, risk and uncertainty
here are considered synonymous.

3The Cox-Ingersoll-Ross term-structure model, which is
discussed below, was used to generate these charts.

4Modigliani and Sutch also note that similar considera-
tions apply to bond issuers (that is, borrowers).

5The Black-Scholes formula performs poorly for valuing
options on bonds. The original model assumes (1) that
the short-term interest rate is constant (implying that
the term structure is always flat) and (2) that the volatili-
ty of the asset return on which the option is written is
constant. However, the volatility of a bond's rate of re-
turn must diminish to zero, because the bond price
must equal face value at maturity. The volatility cannot

be reasonably assumed to be constant, unlike a stock’s.
Schaefer and Schwartz (1987) modify the Black-Scholes
equation by making a bond’s volatility proportional tc
its duration, which results in a decreasing volatility that
reaches zero upon maturity. Hull and White (1989) ex-
tend the Schaefer-Schwartz model to relax the assump-
tion of a constant short-term interest rate. These
extensions of Black-Scholes are “preference-free” mod-
els, which are discussed later in this article. Ball and
Torous’s (1983) is another influential, though flawed,
model in this vein that is a direct antecedent of the
Schaefer-Schwartz and Hull-White models.

6See Ho and Lee (1986) for the details about the pertur-
bation function and its derivation.

7Measuring such a shift in risk aversion would be very
difficult, and, to the author’'s knowledge, has not yet
been attempted empirically

8These are by Vasicek (1977), Dothan (1978), Courtadon
(1982), Richard (1978), Brennan and Schwartz (1979),
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and Langetieg (1980). The Cox-Ingersoll-Ross model
first circulated in an unpublished manuscript dated Ju-
ly 1977.

9See Black (1988) for Black’s surprise and amusement at
the continuing popularity of his original model with
Scholes. He believes that the original model’s highly
restrictive assumptions limit its usefulness and sug-
gests modifications to make the model perform better.

The Black-Scholes formula can also be derived us-
ing discrete-time mathematics. See Cox, Ross, and Ru-
binstein (1979).

105ee Dybvig (1988) for an analysis and extension of the
Ho and Lee model.

"More precisely, “continuous price dynamics” means that
the underlying asset price is assumed to follow an Ito
process. See Jarrow and Rudd (1983) for an introduction
to option pricing.

125ee Jarrow and Rudd (1983, chap. 7) for a more detailed
exposition of the risk-neutrality argument.

3The standard deviations in the denominators are actu-
ally negative quantities. The bond return standard devi-
ation can be shown to be the product of the negative
interest elasticity of the bond price times the positive
standard deviation of the spot interest rate. Therefore
positive excess return to volatility ratios (and positive
risk premia in the term strucure) occur for negative val-
ues of A(r,t).

Ingersoll (1987, chaps. 17-18) gives a succinct, though
technical, discussion of valuation methods when a
model's state variables are not traded assets. See Cox,
Ingersoll, and Ross (1981, 772) for the general method
of forming a hedge portfolio for their multifactor term-
structure model.

I5For risk-neutral investors, risk premia are zero only in
special cases. Cox, Ingersoll, and Ross (1981) show that
one case is the trivial one where interest rates are
nonrandom (782-83). Another special case requires
that the covariance of the bond’s return with the
marginal utility of wealth is zero. In general this
covariance will not be zero and risk premia will exist.
These authors also show that a sufficient condition for
the local-expectations hypothesis to prevail for risk-
averse investors is that they have logarithmic, state-
independent utility (783).

'In words, Jensen'’s inequality states that the mathe-
matical expectation of a concave function of a random
variable is less than the value of the concave function

evaluated at the mean of the random variable. The in-
equality relationship is reversed for a convex function.
See Cox, Ingersoll, and Ross (1981, 776-77) for an anal-
ysis of the effect of Jensen’s inequality on different
forms of the expectations hypothesis. See Fischer
(1975, 513) for a simple example of Jensen’s inequality
that is also pertinent to the term-structure case.

7Campbell (1986) argues that the discrepancy between
forward and expected future spot rates is mathemati-
cally a second-order effect and can be ignored in doing
empirical work. Using his linearized framework for anal-
ysis of the term structure, the differences among term
structure theories studied by Cox, Ingersoll, and Ross
(1981) disappear.

185ee Cox, Ingersoll, and Ross (1985b, 398) for a simple
example of how an arbitrage opportunity could arise.

19As a future research topic, it might be interesting to ex-
tend Richard’s model to allow for the impact of mone-
tary policy on the term structure. For example,
anticipated inflation could be specified as a function of
current or lagged short-term interest rates. This or
some other type of reaction function could probably
be incorporated as a first step in modeling the effects
of monetary policy.

20gee Hull and White (forthcoming) for the continuous-
time formulation of both the Ho and Lee model and
the Black-Derman-Toy model. Dybvig (1988) also gives
a continuous-time version of Ho and Lee.

2IThe value of a basis point is derived first by dividing
$1 million by 10,000 (the number of basis points in
100 percent) to give $100 per basis point per year.
The underlying asset, the T-bill, has a three-month
maturity; therefore, the value of a basis point per
quarter is $25.

22A closed-form solution is a formula that is “ready” to
evaluate, given the model’s parameters. In contrast,
many models, such as Ho and Lee or Brennan and
Schwartz, require numerical methods to arrive at bond
or contingent claim prices.

2This work includes that of Marsh and Rosenfeld (1983),
Brown and Dybvig (1986), Dietrich-Campbell and
Schwartz (1986), Dybvig (1988), Longstaff (1989), Heath,
Jarrow, and Morton (1989), Bliss and Ronn (1989a),
Pearson and Sun (1989), Buser, Hendershott, and
Sanders (1990), Chen and Scott (1990), and Hull and
White (forthcoming).
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The question of whether monetary authorities have any influence over real in-
terest rates has had economists’ attention for a long time. The authors review
various theoretical approaches to this issue and recent evidence in this article.
They include a report on their own recent research based on a small, opening

economy. Consistent with some earlier empirical work, their findings suggest an
avenue of influence for the monetary authority over real interest rates.

nterest rates play a pivotal role in de-
I termining economic activity, and thus

the behavior of the real, or inflation-
adjusted, rate of interest is central to under-
standing macroeconomic dynamics. Investment
expenditures, consumer durable expendi-
tures, and saving are particularly sensitive to
movements in real rates of interest.

This article is an attempt to understand
recent developments in economic theory re-
lating to the real rate of interest and, in par-
ticular, the ability of the monetary authority
to influence it. Several perspectives deserve
attention. If real processes and preferences

The authors are, respectively, an assistant professor of economics at
Agnes Scott College and a senior economist in the macropolicy sec-
tion of the Atlanta Fed's research department.
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within the economy give rise to the real rate,
the real rate then conveys information about
the economy’s preference for consumption
now rather than in the future (that is, it rep-
resents the intertemporal marginal rate of
substitution). If the real rate is thought of as
the marginal product of capital, it provides
information about the potential profitability
of investment. In either case the monetary
authority has no influence over the real rate
process. If the real rate is viewed as being
the outcome of a market for loanable funds,
however, monetary policy does gain some
influence over its behavior. Finally, if the
economy is small relative to the rest of the
world and open to international capital
flows, the real rate may be influenced by,
and indicate something about, relevant
world conditions.
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Understanding the real rate of interest has
been quite problematic ever since Irving
Fisher (1930) made the distinction between
the ex ante and the ex post real rate of inter-
est. Because the ex post real rate of interest
is simply the nominal rate of interest less the
rate of inflation, it can be observed. In con-
trast, the ex ante real rate cannot be ob-
served because it is the nominal rate of
interest minus the expected rate of inflation.
The ex ante real rate is the one that influ-
ences economic decisions and should be
thought of as the real rate of interest even
with the obvious problem it presents.

A recent solution to the dilemma posed by
the ex ante real rate’s being unobservable fo-
cuses on the problem of expectation forma-
tion and imposes some restrictions on that
process in order to approximate an ex ante
real rate of interest series. This article pro-
vides an overview of the theory behind the
problem, followed by a discussion of the pro-
posed solution and the implications of the re-
strictions it imposes. The concluding sections
present applications of the solution, including
recent research based on a small, opening
economy, and summarize the role of the mon-
etary authority in relation to real interest rates.

AT R S T R SR T
Economic Theory and the Real Rate
of Interest

In Fisher’s (1930) division of nominal inter-
est rates, he claimed that the nominal (ob-
served) rate of interest, i, was composed of
the real rate of interest, rr; an adjustment for
the inflation (denoted by ) that was expect-
ed to occur over the relevant time period, ©°;
and the cross product of the two, 7 X rr. Thus
the basic Fisher equation is

i=rr+mwt+ (mwé)(rr).

Most empiricists ignore the cross-product
term since it is quite small under conditions
of modest inflation and real rates of interest. !
The resulting equation for the real rate of in-
terest is

rr=i-mt.
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There are two prevalent misuses of the
Fisher equation. First, assuming that the real
rate is constant (usually 2 or 3 percent), any
change in nominal interest rates could be in-
terpreted as a change in expected inflation.
Although many claim that the real rate of inter-
est may be constant over the long run, draw-
ing inferences about expected inflation in
short-run analysis frequently results in error.

A more problematic misapplication of
Fisher's work is the substitution of observed
rates of inflation (as in ex post real rates of in-
terest) for expected rates (as in ex ante rates) in
the construction of a real rate of interest se-
ries. Although the two are not interchange-
able, the substitution is frequently made
because of the problem associated with ob-
serving the expected rate of inflation.? The
difference between the ex post and ex ante
rate is the forecast error for inflation during
the period in question, and this error can be
substantial, as may have been the case of
fixed-rate mortgages in the 1960s. During that
time, the ex post rate of return on mortgages
seemed to be negative, by a large margin,
and it seems unlikely that lenders would
have made fixed-rate loans on the basis of
negative ex ante rates.

Before developing the issue of the substi-
tutability of the ex post for the ex ante real
rate and the assumptions and restrictions that
the substitution implies, an overview of vari-
ous theories of the real interest rate's behav-
ior is in order. The theories provide alternative
approaches to interpreting movements in the
real interest rate and to assessing the effec-
tiveness of policy, particularly monetary poli-
¢y, in influencing the real rate.

The most familiar class of model wherein
monetary policy—the actions of the central
bank—has any influence over the real inter-
est rate is the Keynesian “liquidity effect,”
which views the rate of interest as represent-
ing the price of holding on to money. From
this perspective, it follows that a relative in-
crease in the money supply should lower in-
terest rates.

A problem with this approach, however, is
that the Keynesian paradigm has trouble ac-
counting for inflation. The Keynesian world is
one in which prices are essentially fixed. In a
fixed-price world—without inflation and thus
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without any inflation premium—a decrease
in “the rate of interest” is equivalent to a de-
crease in the real interest rate. The idea of
fixed prices may be a useful assumption in
certain situations but clearly is inappropriate
for contemporary thinking about the effects
of money supply increases. Because of this
shortcoming, the Keynesian model has fallen
out of favor for policy analysis.>

The monetary authority also has some influ-
ence over the real rate of interest in the loan-
able funds model, according to which the real
rate of interest is the outcome of market inter-
action between savers, who supply funds, and
borrowers, who demand funds. The real inter-
est rate is the price that adjusts to clear the
market, with aggregate inflation expectations
simply added to the real rate outcome.

In this model the monetary authority exerts
its influence over the real rate in two ways.
First, by conducting open market operations
the central bank directly enters the market to
purchase or sell securities. Second, to the ex-
tent that the central bank can influence the
operations of other financial intermediaries,
usually through reserve requirements, it can
induce others to provide funds to the market,
thereby influencing the real rate.

A more prevalent way of thinking about
the real interest rate centers on the real side
of the economy and equates the real interest
rate with the marginal product of capital (the
output associated with adding one additional
unit of capital to the economy). The argument
is that if this marginal product of capital is
greater than the real rate of interest, borrow-
ing the money to add to the capital stock is
profitable. The agent making the investment
must pay the real rate of interest on the debt
created to purchase the capital but receives
the additional output, the real return, from
that added capital. The difference is profit to
the investing agent. As long as the profits are
positive—that is, as long as the real interest
rate is less than the real return on that invest-
ment (the marginal product of capital)—addi-
tional investment will continue because it is
profitable.

As the additional investment occurs, two
things happen. First, the demand for capital
bids up the real interest rate. At the same
time, the additional investment drives down
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the marginal product of capital, decreasing
the profitability of added capital. The invest-
ment process ends when real profitability
reaches zero (that is, when the marginal
product of capital equals the real rate of in-
terest).

The marginal product of capital model has
gained popularity because of its explanatory
power. It results from general equilibrium
models, which attempt to describe an entire
economy and can portray the interaction
among various markets and potential trans-
mission of disturbances from one sector to
the rest of an economic system. For example,
any disturbance to individuals’ savings pref-
erences will show up as disturbances in the
real interest rate and thus in the amount of in-

“A more prevalent way of thinking
about the real interest rate . . . equates
the real interest rate with the marginal
product of capital (the output associat-
ed with adding one additional unit of
capital to the economy).”

vestment undertaken in the aggregate econo-
my. Similarly, technological innovations that
raise the marginal product of capital would
stimulate investment, and disturbances to the
supply of production inputs (oil supply
shocks, for example) would alter the produc-
tivity of capital, affecting investment and the
real rate.

In the marginal product of capital model
only real factors influence the real rate of in-
terest. Purely nominal disturbances have no
effect. In Keynesian terminology, it is as if the
economy suffered no “money illusion.” What
matters is not money prices but real prices,
as though everyone in the economy could
immediately understand the distinction be-
tween general changes in the price level—
simple inflation—and relative changes in the
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prices of goods, representing some real dif-
ference in the economy.

Modifications to the marginal product of
capital model give the monetary authority
some influence, albeit temporary, over the
real rate of interest by assuming that eco-
nomic agents cannot make the above distinc-
tion correctly and instantaneously. During the
period in which economic agents are sorting
out relative price changes from general price
level changes, the monetary authority may
influence the real rate. Ultimately, when
agents understand the changes and have full
and complete information, the monetary au-
thority loses control over any real facet of the
economy and has influence over only the
nominal price level.

“Modifications to the marginal product
of capital model give the monetary au-
thority some influence, albeit tempo-
rary, over the real rate of interest by
assuming that economic agents cannot
make the above distinction correctly
and instantaneously.”

The central theme of this “policy ineffec-
tiveness” result is that the monetary authori-
ty has no influence over real activity except
what these informational disparities make
possible.? Additional assumptions about how
the economy learns over time could make
these informational disparities quite short-
lived and reduce the monetary authority’s
control to that of the inflation rate only.

If in fact the monetary authority influences
only the inflation rate, the Fisher equation in-
dicates that there will be a somewhat per-
verse effect on the observed nominal interest
rates: a policy of monetary ease (supplying
relatively more money) would result in higher
nominal interest rates as the markets trans-
late the faster growth rate of money into high-
er expected inflation.

FEDERAL RESERVE BANK OF ATLANTA

In principle, the difference between this
model and the Keynesian model can be test-
ed empirically. Thomas J. Cunningham (1987)
described the difficulties of detecting liquidi-
ty effects and concluded that models allow-
ing the monetary authority its perverse
influence on interest rates are generally the
most appropriate for describing the econo-
my; that is, it is largely accepted that the real
rate of interest is beyond the influence, even
in the short run, of the monetary authority.
Some recent evidence challenges this view,
however, and will be discussed below.

An alternative way to view the real interest
rate in a general equilibrium setting is to en-
vision the real return on saving as a reward
for abstaining from consumption. Imagine
that at the end of the production cycle there
exists a set of goods that can either be con-
sumed directly or invested in the next pro-
duction cycle. Firms want the output to be
invested productively and are willing to offer
a real reward to consumers willing to forgo
some consumption. The reward is the real
rate of interest. As discussed earlier, firms
will be willing to offer a real return up to the
value of the marginal product of capital.

The consumer, on the other hand, must
weigh the value of consumption now against
its value later. Because future consumption is
less desirable to consumers, they must be in-
duced to delay some consumption by being
given the potential for greater consumption
in the future—the real return on savings.

From the consumption standpoint, this real
rate of interest represents consumers’ rate of
time preference for consumption now versus
consumption later. If the real interest rate is
higher than a consumer’s rate of time prefer-
ence, the consumer will save more because
the ultimate reward for saving is considered
relatively large. By the same token, if the real
interest rate is less than the rate of time pref-
erence, the consumer will save less.

Ultimately the real rate of interest must
coincide with the economy’s aggregate rate of
time preference—a real factor over which the
monetary authority has no effect. Taken with
the demand for capital discussed above, the
real interest rate grows out of the interaction
between the marginal product of capital and
the aggregate rate of time preference, neither
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of which the central bank influences. The real
rate of interest is, according to the logic of
this model, exogenous to monetary policy.

Thus far the discussion of the behavior of
real interest rates has assumed an economy
that is not open to international capital flows.
Particularly as the economies of the world are
becoming increasingly integrated, this as-
sumption can be misleading. The implications
of an open economy for monetary policy and
the real rate of interest hinge on the type of
exchange rate regime to which the monetary
authority commits itself: a fixed exchange rate,
tying the value of the currency to that of an-
other currency, a basket of currencies, or some
commodity; or a flexible exchange rate, where-
by market forces determine the international
value of domestic money.

Operating under a fixed exchange-rate sys-
tem, the monetary authority will use monetary
policy to stabilize the currency’s international
value.? Committed to this exchange-rate
regime, monetary policy cannot deviate from
a course of keeping exchange rates constant.
Consequently, many questions concerning
the influence of the monetary authority be-
come moot. Problems of the domestic econo-
my’s price level stability and movements in
the real interest rate are beyond the immedi-
ate concern of the monetary authority and
are resolved by interaction with the rest of
the world. Any difference in the domestic real
rate of interest from the world real rate would
immediately be arbitraged away by a suffi-
ciently large flow of capital toward the rela-
tively higher return.

Flexible exchange rates, on the other
hand, allow monetary authorities to pur-
sue a monetary policy independent of pure
exchange-rate considerations. Because the
monetary authority does not have to conduct
policy in a manner exclusively designed to
stabilize the exchange rate, it is free to pur-
sue other goals. Indeed, a major impetus for
the breakdown of the post-World War Ii Bret-
ton Woods agreement (establishing a fixed-
rate regime) was the difficulty of coordination
among the major central banks with differing
policy goals.

Under a flexible exchange-rate system,
currencies are traded on an open market,
much as any other financial instrument. Rela-
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tive supply and demand will determine a
currency's international value. Interest rates
can differ among countries without engender-
ing a large capital flow because the interna-
tional return on domestic investments is no
longer simply the domestic interest rate but
the domestic interest rate plus the change in
the currency’s international value during the
period the investment is held. Thus any dif-
ference in real returns between domestic
economies can be equalized by a real change
in the relative value of the currencies.

In the framework of the models discussed
above, opening the economy to international
financial markets simply shifts the level of
discussion from that of the nation to that of
the world. World real rates of return tend to
equalize, and, if a nation’s economy is suffi-
ciently small and open relative to the rest of
the world, its adjustment process can be
quite quick. At the extreme, the small open
economy has no ability to control indepen-
dently its domestic real rate of interest,
price level, and exchange rate. The three
must simultaneously adjust to equate
(among other things) real rates of return with
the rest of the world.

With the exception of the work discussed
below, there is little evidence that the mone-
tary authority can influence real interest
rates. Indeed, what evidence there is to sup-
port the notion that the monetary authority
has any influence over even nominal interest
rates suggests that the effect is to raise, not
lower, nominal interest rates; an increase in
the money supply (or money supply growth
rates) will lead to an increase in nominal in-
terest rates so that an “easy money” policy
actually is associated with higher, not lower,
nominal interest rates.

Two hypotheses have been put forth to
explain this result. The “policy anticipa-
tions” or “expected liquidity” hypothesis
suggests that a liquidity effect does exist
but that an unexpected increase in the mon-
ey supply today leads to expectations of
lower money growth rates in the future;
nominal interest rates rise because of an ex-
pected liquidity effect in the future. This is a
popular explanation for results during the
period from 1979 to 1982, when the Federal
Reserve System had an operating procedure
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focused on targeting monetary growth rates,
thus giving the central bank a motive to en-
sure that deviations in the expected path of
money growth were eventually offset. A sec-
ond hypothesis, the inflation expectations
hypothesis, argues that an increase in cur-
rent money supply growth causes expecta-
tions that inflation will rise, thereby pushing
up nominal interest rates according to a
straightforward Fisher effect.¢

Two important conclusions follow from
the foregoing empirical analysis. First, there
is substantial evidence that an easing of
monetary policy will lead to higher nominal
interest rates. The second, and more impor-
tant, point is that monetary policy cannot
claim to influence the real rate of interest.
The problem, however, discussed above, is
that the relevant measure of real rates of in-
terest is unobservable and thus out of the
reach of simple econometric models. It is to
the solution of this problem that attention is
now turned.

How to Solve the Problem: An Appli-
cation of Rational Expectations

Fredric Mishkin of Columbia University
has recently exploited rational-expectations
restrictions to construct a real interest-rate
time series useful for econometric inquiry.
“Rational expectations” theory maintains
simply that economic agents cannot system-
atically be fooled in forming expectations;
that is, people may be continuously incorrect
in their expectations, but the mistakes they
make are unpredictable. Stated simply, peo-
ple learn enough from their mistakes that
they do not repeat the same error.

This simple insight turns out to be rather
powerful in practice. Consider the real inter-
est rate equations described above. The goal
is to be able to derive the ex ante real rate of
interest, which, to repeat with added nota-
tion, is

However, we are able to observe only the
ex post real rate of interest,

=7 a
M = i~ 74,
where m? represents the actual rate of infla-
tion. The difference between these two mea-
sures of the real rate is simply the inflation

forecast error:

B e
rrep—rrm_(x ) — (i—7°)
— e

= forecast error.

According to the rational expectations hy-
pothesis, the mathematical expectation of
the forecast error is zero. Thus, as long as
the notion and implications of rational ex-
pectations theory are acceptable, the ob-
servable ex post real rate of interest series
can be directly substituted for the unobserv-
able, but economically important, real rate
of interest.

R S RS A N S L
Applications of the Solution

Mishkin has used rational expectations to
investigate, among other things, the effects of
monetary policy changes on real interest rates,
the economic effects of high real interest rates
in the United States during the 1980s, and the
equality of real interest rates across countries.
The approach and work is relatively new.
While the rational expectations restrictions
discussed above seem rather simple and in-
nocuous, the notion of empirically estimating
real rates of interest is quite controversial.

Mishkin’s work with John Huizinga (1986) in-
dicates that monetary policy has been the
source of the high real interest rates of the
1980s in the United States. In particular, the
researchers conclude that the high real inter-
est rates of that decade were the result of the
regime change adopted by the Fed in order to
disinflate the U.S. economy.

Huizinga and Mishkin focus not only on
the high level of real interest rates in the ear-
ly 1980s and its relation to the Fed'’s policy
changes of October 1979 and October 1982
but also on what they term the significant
shift in the stochastic process of real interest
rates—the behavior of the real rate series as
it bounces around over time.
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In October 1979 the Federal Reserve Sys-
tem changed its policy from one of targeting
interest rates to targeting nonborrowed re-
serves. In October 1982 the Fed switched to a
borrowed reserve target. Huizinga and
Mishkin explored the possibility that, after
the policy changes of 1979 increased uncer-
tainty about interest rates, money supply
growth and inflation played a role in real
interest-rate movements. In addition, they in-
vestigated a similar regime change that took
place in 1920 when, in response to high infla-
tion rates, the Fed dramatically increased the
discount rate twice.

Using data from 1953 to 1984, Huizinga and
Mishkin employ rational expectations theory
to describe the ex ante real rate of interest as
a linear function of a constant, the one-month
nominal interest rate, the one-month infla-
tion rate lagged one and two months, and a
supply-shock variable (measured as the loga-
rithm of the relative price of fuel and related
products in the producer price index) lagged
one month. In substituting the ex post real
rate for the ex ante real rate, they substituted
the nominal interest rate on the one-month
bill less the rate of inflation calculated from
the consumer price index.

To test whether or not monetary policy
regime changes influence the manner in
which these variables affect the real rate of
interest, Huizinga and Mishkin tested for the
equality of the coefficients during various
time periods. They found that a shift did in-
deed occur in these coefficients in October
1979 and October 1982. While in all sample
periods a significant negative relationship
exists between real rates and expected infla-
tion, the relationship between real and nomi-
nal interest rates in the 1979-82 period differs
from those in the pre-1979 and the post-1982
periods. In the 1953-79 and 1982-84 periods,
there is a significant negative relationship
between real and nominal interest rates,
whereas in the 1979-82 period the relation-
ship is significantly positive.

Huizinga and Mishkin hypothesized that if
a break occurred during the early 1980s in the
stochastic process of real interest rates, there
should also be breaks in the process during
other periods of monetary policy regime
changes. Although the exact data series used
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for the latter time periods were not available
in the 1916-27 period, Huizinga and Mishkin
worked using comparable data and again
tested for the equality of coefficients before
and after the monetary policy change in 1920.
The results of their tests indicate that, similar
to the effect of the monetary policy regime
changes of the early 1980s, there was a signifi-
cant shift in the stochastic process of real in-
terest rates.

Mishkin (1988) explains that because there
is not one real rate of interest, monetary poli-
cy may affect various sectors of the economy
differently. In particular, he claims that during
the 1980s agriculture bore a disproportionate
share of the disinflationary burden. This situa-
tion occurred not only because farmers de-
pended heavily on debt markets in financing
production but also because real interest
rates were much higher in that sector than in
the economy as a whole.

According to Mishkin the relevant real in-
terest rate for the agricultural sector is not
one that should be calculated with a broad-
based price index such as the consumer
price index but rather with one that reflects
the prices of farm products. To do this, he
constructed a real rate of interest series by
subtracting the rate of increase in the farm
products component of the producer price
index from the one-month Treasury bill rate
for the period from January 1953 to Decem-
ber 1986.

Using the relevant real interest rate for the
agricultural sector for the periods from Jan-
uary 1953 to October 1979 and from Novem-
ber 1979 to December 1986, Mishkin then
estimated essentially the same equation as in
Huizinga and Mishkin (1986). The results indi-
cated that the only significant explanatory
variable in either period was the one-month
Treasury bill rate.

Mishkin also compares his estimates of
real interest rates in the agricultural sector
with real interest rates for the economy as
a whole. In his plot of the two graphs, the
real rate for the farm sector appears to be
an amplified movement of the real rate for
the overall economy. Mishkin confirms this
conclusion by regressing the estimated
agricultural real rate with the overall real
rate and finds that there is a statistically
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significant comovement between the two
and that the agricultural real rate moves
more than one-for-one with the overall real
rate. From this information, he concludes
that the agriculture sector bore much of
the burden of the disinflationary period of
the early 1980s.

Using data from the Eurodeposit market for
seven industrialized nations, Mishkin (1984)
also investigated the equality of real interest
rates across countries. Again, if a nation is en-
gaging in free trade and there are no restric-
tions on the mobility of capital, then real
interest rates should be equal across coun-
tries. If his theory is correct, domestic mone-
tary authorities have no control over real
interest rates and their ability to use expan-
sionary or contractionary monetary policy to
influence economic activity is therefore con-
strained.

Mishkin investigated the equality of real
interest rates across the United States,
Canada, the United Kingdom, France, West
Germany, the Netherlands, and Switzerland
from the second quarter of 1967 to the sec-
ond quarter of 1979. He calculated the ex
ante real rate of interest two ways: the
three-month Eurodeposit rate less the rate
of change in the consumer price index and
the three-month Eurodeposit rate less the
rate of change in the wholesale price index
for a particular country. The results indicat-
ed that these nations’ real interest rates
were not equal. Mishkin asserts that real in-
terest rates may differ across countries be-
cause risk premiums may differ and because
transactions costs and the lack of perfect
substitutability of goods implies the viola-
tion of purchasing power parity; it does not
necessarily imply that real rate arbitrage op-
portunities exist.

He also asked whether real rates at least
moved similarly over time from economy to
economy even if they were not strictly equal
among nations. The results imply that real
rates of interest do not move in similar ways
across nations. Mishkin’s results indicate
that, although capital markets may be inte-
grated, real rates may differ across countries
and the domestic monetary authorities may
therefore be able to employ monetary poli-
cy to influence economic activity.
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Real Interest Rates in a Small, Open
Economy

We recently began some work that has
been in part motivated by Mishkin’s work con-
cerning real rates of interest and adopts his
restrictions (Cunningham and Cunningham
1990). It centers, though, on the theoretical
conformity of the behavior of real rates of in-
terest in a small, open economy. Although real
rates of interest may not be equal or move
similarly over time across the developed na-
tions that Mishkin studied, the situation may
be quite different for a small, open economy
with which a relatively large economy such as
the United States is a major trading partner.

For a small, open economy the actions of
the domestic monetary authorities may de-
termine real rates of interest, or world (U.S.)
real interest rates may be the primary influ-
ence on real interest rates. The idea that do-
mestic monetary forces control real interest
rates simply extends Huizinga and Mishkin’s
work to small, open economies. The possibil-
ity that world real interest rates have the
greater influence is in accord with standard
open economy macroeconomic theory and, if
true, would indicate that U.S. monetary poli-
cy has not only domestic effects but also in-
fluence over economic activity in at least
some other nations.

To investigate the behavior of real interest
rates in a small open economy, we looked at
the case of the Republic of China on Taiwan
from October 1985 through January 1990. Tai-
wan is an interesting subject because in July
1987 the country moved from a functionally
closed economy to one that is essentially
open. Prior to financial liberalization, foreign
investment was limited to certain types of di-
rect investment in manufacturing, and do-
mestic investment in foreign firms was
restricted. In July 1987 reforms were enacted
that opened capital markets, relaxing foreign
exchange restrictions and permitting interna-
tional capital flows.

To examine the relative influences of do-
mestic monetary policy and the U.S. real rate
of interest on the real interest rate in Taiwan,
we regressed the real rate of interest in Tai-
wan on the growth rate of the domestic
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money supply, growth in industrial produc-
tion, and the real rate of interest in the Unit-
ed States. The results could indicate one of
three situations. First, the real interest rate in
Taiwan could have been affected by the U.S.
real rate of interest even before the economy
was opened financially because of the fact
that the real side of the economy was rela-
tively open, thereby potentially bringing the
domestic marginal product of capital in line
with the world (U.S.) marginal product of cap-
ital. Second, the real rate of interest could
have been influenced by the action of the
domestic monetary authorities before July
1987 and influenced by U.S. real interest
rates thereafter, with the domestic monetary
authority’s having lost whatever control it had
had prior to the financial opening. And third,
the primary influence on real interest rates
both before and after financial liberalization
could have been the domestic monetary au-
thority only.

Our preliminary results are consistent with
standard economic theory. They provide
some evidence of conditions similar to a lig-
uidity effect and are consistent with Mishkin’s
work in that, both before and after the finan-
cial opening of the economy, the change in
the domestic money supply is a significant
explanatory variable of real interest rates in
Taiwan. The results, however, also indicate
that after financial liberalization, U.S. real
rates of interest influenced real interest rates
in Taiwan.

Overall, our results have intuitive appeal.
There is some evidence that before the fi-
nancial opening of an economy, the domestic

I'This article’s analysis also ignores tax complications
and the term structure. The information about econom-
ic expectations contained in the term structure is a sep-
arate issue from that discussed here, which relies on
the convenient conventional assumption that there is
“an” interest rate.

25ome surveys are attempting to address this issue and
can be expected, eventually, to provide a potentially
useful source of data for certain countries during certain
times.

3 An early attempt to solve this problem came, indepen-
dently, from Robert Mundell and James Tobin. The
Mundell-Tobin effect allowed for the incorporation of
inflation into the Keynesian IS-LM model, and the ef-

monetary authority can influence real rates of
interest. After the financial opening, the mon-
etary authority still has some influence, but
world real interest rates also become impor-
tant. The significance of the study is tempered
by a somewhat small data set, however, and
preliminary results should best be considered
simply suggestive. At the same time, the va-
lidity of the results is supported by their con-
sistency with standard open-economy
macroeconomic theory.

Y R D S B SR E A BRI R
Conclusion

The question of whether the monetary au-
thority may have some influence over real in-
terest rates is far from settled. A substantial
body of empirical work shows a direct rela-
tionship between money growth rates and
nominal interest rates.

Nevertheless, the work discussed above
intimates an avenue of influence for the mon-
etary authority over real interest rates.
Mishkin’s work suggests a liquidity effect (in
the real interest rate) for developed
economies, and our work extends that result
to a newly industrialized economy. Our work
also suggests that the overall influence of the
monetary authority in a small, open economy
may be tempered substantially by real rate
movements in the rest of the world. Nonethe-
less, economies with financial markets in a
limited state of development may find the
judicious use of monetary policy effective in
influencing real rates of interest.

Notes

fect of this inflation was to reduce marginally the real
rate of interest while raising the equilibrium level of in-
come. See Blanchard and Fischer (1989, 546).

4 The concept is now pervasive enough to show up in un-
dergraduate economics texts.

> One of the most frequently forgotten rules of economic
policy is the assignment principle, which says that for
each and every policy target there must be a policy
instrument—that is, for every economic variable to be
influenced (inflation, unemployment, exchange rates,
and so forth), the policymaker needs to have a policy
instrument (such as money growth or government
spending) to manipulate. The dilemma facing the
monetary authority is that it is limited to using the
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policy instrument to target one economic variable at
a time. For example, suppose the monetary authority
wishes to target a specific rate of inflation. If it adopts
a policy of money growth designed to engender the
desired effect, it cannot respond to nominal interest
rate movements without abandoning the initial poli-
cy. Having chosen the rate of inflation as the target,

the policymaker must accept whatever happens to
other economic variables, including perhaps unde-
sired consequences.

5These hypotheses are described in Cunningham and
Cunningham (1991), Cunningham and Hardouvelis
(1987), and an excellent review by Sheehan (1985) and
touched on in Cunningham (1987).

References

Blanchard, Olivier Jean, and Stanley Fischer. Lectures on
Macroeconomics. Cambridge, Mass.: MIT Press, 1989.

Cumby, Robert E., and Frederic S. Mishkin. “The Interna-
tional Linkage of Real Interest Rates: The European-
U.S. Connection.” National Bureau of Economic
Research Working Paper 2876, 1987.

Cunningham, Thomas J. “Observations about Observa-
tions about Liquidity Effects: The Difficulties of Ex-
ploring a Simple Idea.” Federal Reserve Bank of
Atlanta Economic Review 72 (September/October 1987):
14-22.

Cunningham, Thomas J., and Rosemary Thomas Cunning-
ham. “The Behavior of Real Rates of Interest in a
Small, Opening Economy.” Federal Reserve Bank of
Atlanta working paper, forthcoming 1990.

. “Another Source of Money Supply Announce-
ment Surprises.” Journal of Macroeconomics (forthcoming
1991).

Cunningham, Thomas J., and Gikas A. Hardouvelis.
“Temporal Aggregation, Monetary Policy, and Interest
Rates.” Federal Reserve Bank of Atlanta Working Pa-
per 87-4, May 1987.

Fisher, Irving. The Theory of Interest. New York: Macmillan
Publishing Company, 1930.

Huizinga, John, and Frederic S. Mishkin. “Inflation and
Real Interest Rates on Assets with Different Risk Char-
acteristics.” The Journal of Finance 39 (July 1984): 699-712.

. “Monetary Policy Regime Shifts and the Unusual
Behavior of Real Interest Rates.” National Bureau of
Economic Research Working Paper 1678, 1985.

FEDERAL RESER%E BANK OF ATLANTA

_______.“Monetary Policy Regime Shifts and the Unusual
Behavior of Real Interest Rates.” Carnegie-Rochester
Conference Series on Public Policy 10 (Spring 1986): 231-74.

Kuo, Shirley W.Y. The Taiwan Economy in Transition. Boul-
der, Co.: Westview Press, 1983.

Mishkin, Frederic S. “Are Real Interest Rates Equal
Across Countries? An Empirical Investigation of Inter-
national Parity Conditions.” The Journal of Finance 39
(December 1984): 1345-57.

. “The Real Interest Rate: A Multi-Country Empiri-
cal Study.” National Bureau of Economic Research
Working Paper 591, 1985.

. “Understanding Real Interest Rates.” National
Bureau of Economic Research Working Paper 2691,
August 1988.

Sheehan, Richard G. “Weekly Money Announcements:
New Information and Its Effects.” Federal Reserve Bank
of St. Louis Review (August/September 1985): 25-34.

Tauchen, George. “Statistical Properties of Generalized
Method-of-Moments Estimators of Structural Parame-
ters Obtained from Financial Market Data.” Journal of
Business and Economic Statistics 4 (October 1986): 397-
416.

White, Halbert. “A Heteroskedasticity-Consistent Covari-
ance Matrix Estimator and Direct Test for Het-
eroskedasticity.” Econometrica 48 (1980): 817-38.

37

Digitized for FRASE
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



Measuring the Personal Savings Rate:
Some Technical Perspectives

R. Mark Rogers

he American personal savings rate

has been attracting interest both be-

cause of its long-term decline and
because of its low level in comparison to that
of other industrial countries. However, re-
search into reasons for Americans’ savings
behavior has not generated robust results.
Researchers’ difficulties with savings rate ex-
planations may result from inadequate mod-
els or incomplete or inaccurate data related
to savings behavior, but they may also stem
from measurement decisions that on their
own can influence the savings rate’s ob-
served level and movements over time.

The personal savings rate can differ from
one time or place to another for four general
reasons: (1) households’ behavior may vary;
(2) data may be inaccurate or inconsistent in
their coverage because of such phenomena
as the underground economy; (3) structural
economic differences like variations in tax

The author is forecast coordinator in the macropolicy section of the Atlanta
Fed's Research Department.
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systems may cause savings to shift between
the household and corporate sectors; and (4)
measurements of elements of personal sav-
ing or the savings rate may differ. An exten-
sive group of studies indicates that each of
these factors plays a part in intertemporal
and intercountry differences.! These findings
suggest that users of savings rate data should
draw conclusions cautiously.

Measurement decisions, the focus of this
article, are necessary because records of
some components of consumers’ income and
outlays that are conceptually necessary for
measuring the personal savings rate are lack-
ing and because figures collected on other
components do not fit the concept that the
data on savings are designed to measure.
Since records are inadequate, these compo-
nents must be estimated and appropriately
distributed to sectors of the economy. This
article, which is not intended to be a compre-
hensive study of savings rate measurement,
is focused on two major types of these com-
ponents and demonstrates that alternative
decisions about whether or how to measure
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these components have different impacts on
both the intertemporal change and level of
the personal savings rate. These differences
may in turn influence the results of savings
behavior analyses.

R SRS S A
What is the Savings Rate?

Of published measures of the U.S. personal
savings rate, most used is the one computed
by the Bureau of Economic Analysis (BEA) of
the U.S. Department of Commerce.? The BEA’s
broad concept of saving is as a flow of personal
income available for but not spent on con-
sumption outlays in the same period in which
it is earned. In national income accounting
terms, savings equals disposable after-tax
personal income less personal outlays.

The BEA does not directly measure sav-
ings from actual savings component data se-
ries as it does the components of personal
income taxes, outlays, and other payments.
Using estimated income and outlay compo-
nents, the BEA calculates the personal sav-
ings rate as a percentage of disposable
personal income:

Personal Savings Rate =

(Personal Income — Taxes — Outlays)

100
(Personal Income — Taxes) 7
or
Personal Savings Rate =
Personal Savings Rate
100

Disposable Personal Income

Changes in taxes, outlays, and personal in-
come can thus affect the personal savings
rate. Table 1 records the personal savings
rate and its components during the 1960-89
period.

In any system of economic data, decisions
are made about how various concepts are to
be measured in actual practice. Although
measures are typically designed to match
theoretical concepts as closely as possible,
making the data correspond to the concepts
is not always clean or precise. Concepts of

FEDERAL RESERVE BANK OF ATLANTA

savings and the savings rate in the BEA’s na-
tional income accounting system are clear;
however, not all of the data are available that
would allow a seamless transfer from concept
to measure. Since not all flows that make up
personal income or all personal outlays dur-
ing a period are routinely recorded in the pri-
vate economy, the BEA must devise methods
of measuring unrecorded types of income
and consumption indirectly with available
data. The methods they choose affect the
measurement of the residual—savings.

Wage income, for example, is relatively
easy to estimate because the U.S. Department
of Labor collects earnings data from monthly
surveys. Information on proprietors’ income is
somewhat more difficult to obtain. In both
cases, however, data come from reported
transactions and reflect the BEA's decisions
about what types of data best correspond to
its concept of income. Many consumer outlays
such as tax payments and purchases at retail
stores are also recorded in such a way that di-
rect estimates are straightforward.?

Unfortunately, other components of con-
sumer income, taxes, and outlays are not so
easily determined. One set of these flows oc-
curs when income is received “in kind”"—that
is, not as a monetary payment but as a good
or service. In-kind flows include food pro-
duced and consumed on the farm, meals pro-
vided by businesses at little or no cost to
employees, and banking services rendered
to consumers without an explicit fee. Since
such goods and services are in kind, they are
consumed simultaneously with the income
flow and affect figures for both personal in-
come and outlays—and hence have no effect
on the level of personal savings.

Another set of income and outlay flows
that is not directly measurable arises from
consumers’ use of long-lasting products such
as owner-occupied housing, autos, and other
consumer durable goods, purchased all at
once but consumed during a long period. Da-
ta reflecting the value of these products are
recorded at the time of ownership transfer,
but the value of services flowing from a
house, an automobile, or a consumer durable
during each period is not recorded.

These flows that are not directly measur-
able may be treated in several ways. In the
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Table 1.
Derivation of Personal Savings Rate
(levels in billions of current dollars)

The Savings Rate:
Personal Savings

Personal Tax  Disposable as a Percentage
Personal — and Nontax = Personal — Personal = Personal of Disposable
Income Payments Income Outlays Savings Personal Income
1960 409.4 50.5 358.9 338.1 20.8 5.8
1961 426.0 52.3 373.8 348.9 24.9 6.6
1962 453.2 570 396.1 370.2 25.9 6.5
1963 476.4 60.5 415.8 391.2 24.6 5.9
1964 510.2 58.8 451.4 419.9 31.6 7.0
1965 552.0 65.2 486.8 452.5 34.3 7.0
1966 600.8 74.9 525.9 489.9 35.9 6.8
1967 644.6 82.5 562.1 516.9 45.2 8.0
1968 707.2 97.7 609.6 567.1 424 7.0
1969 773.0 116.3 656.7 614.5 42.2 6.4
1970 831.8 116.2 715.6 657.8 57.8 8.1
1971 894.0 1173 776.8 710.4 66.3 8.5
1972 981.6 142.0 839.6 778.2 6138 73
1973 1,101.7 151.9 949.8 860.8 89.0 9.4
1974 1,210.1 171.8 1,038.3 941.6 96.7 9.3
1975 1,313.4 170.6 1,142.8 1,038.1 104.6 9.2
1976 1,451.4 198.7 1,252.6 1,156.8 95.8 7.6
1977 1,607.5 228.2 1,379.3 1,288.6 90.7 6.6
1978 1,812.4 261.2 1,551:.2 1,441.0 110.2 71
1979 2,034.0 304.7 1,729.3 1,611.2 118.1 6.8
1980 2,258.5 340.6 1,918.0 1,781.1 136.9 : 71
1981 2,520.9 393.3 2,127.6 1,968.2 159.4 75
1982 2,670.8 409.3 2,261.4 2,107.5 154.0 6.8
1983 2,838.6 410.5 2,428.1 2,297.5 130.6 5.4
1984 3,108.8 440.2 2,668.6 2,504.5 164.1 6.1
1985 3,325.4 486.6 2,838.7 27133 125.4 4.4
1986 3,526.2 512.9 3,013.3 2,888.5 124.9 4.1
1987 3,766.4 571.7 3,194.7 3.102.3 92.5 2.9
1988 4,070.8 591.5 3,479.3 33336 145.7 4.2
1989 4,384.3 658.8 37255 3553 7 171.8 4.6

Source: Calculated by the Federal Reserve Bank of Atlanta from data from the U.S. Department of Commerce,
Bureau of Economic Analysis.
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BEA estimates, for instance, income from
and consumption of owner-occupied hous-
ing are based on an estimate of rent that
would have been paid had the housing
been rented instead of owned. This proce-
dure results in imputed income and outlay
estimates similar to but more complicated
than estimates associated with in-kind in-
come and consumption. For autos and other
consumer durables, the BEA takes a differ-
ent tack. It uses current expenditure data as
its outlay estimate.

Major Measurement Decisions and
Their Effects

This article is a look at the impact of two
specific sets of BEA measurement decisions:
(1) treatment of imputed income and con-
sumption and (2) treatment of consumption
of autos and other consumer durables.

Imputations for Owner-Occupied Hous-
ing. In figures for the period 1960-89, imputa-
tions of income and outlays related to
owner-occupied housing are the largest im-
putations in personal income and consump-
tion.? They, along with imputation of income
from financial services received without pay-
ment, make up most of the value of personal
income imputations. In 1989, imputed gross
space rent equaled more than 8 percent of
personal income and slightly more than 10
percent of personal outlays.

For both nonfarm and farm components,
the imputations for owner-occupied housing
begin with estimates of the rental equivalent
for housing consumption. The BEA treats
homeowners as unincorporated business en-
tities owning residential property and renting
it to themselves. Gross earnings are figures
for space rent from which estimated costs of
maintenance and repair products and ser-
vices are subtracted to get the contribution
of owner-occupied housing to gross housing
product. To calculate the net rental income of
persons three other items are subtracted—
capital consumption allowances, property tax
liabilities, and interest payments on hous-
ing—and housing subsidies are added. The
result, net rental income for owner-occupied

FEDERAL RESERVE BANK OF ATLANTA

housing, is included in personal income. To
derive rental expense, imputed rental out-
lays equaling net rental income plus capital
consumption allowances and indirect busi-
ness taxes are added to personal consump-
tion. Finally, to avoid double counting, the
BEA shifts figures for actual purchases of
owner-occupied housing out of the personal
consumption category. This last change limits
the amount of personal outlays on this hous-
ing component to imputed rental expense.

As a result of this treatment, personal in-
come figures are reduced by the amount of
subsidies; in recent years measured person-
al income has also been reduced by the
amount of net rental income because that
number has been negative. Additionally, im-
puted personal tax payments are less than
the nonimputation level because property
taxes on owner-occupied housing are
charged to the business sector rather than to
households. Households’ outlays are in-
creased by the amount of imputed rental ex-
penses. The net effect of these imputations
is to reduce personal tax payments, thereby
raising disposable personal income. Typical-
ly in the United States personal consumption
outlay figures are reduced because purchas-
es of owner-occupied housing exceed imput-
ed rental expense. Thus, in the U.S. economy
measurement decisions have the effect of
raising the observed level and rate of per-
sonal savings.

Other Imputations. The next largest dollar
value of imputed personal income and out-
lays involves certain financial services re-
ceived by persons without payment for them.
In 1989 this series equaled about 2 percent
of personal income and about 2.5 percent of
personal outlays. Consumers pay directly for
some financial services but not for all. For ex-
ample, many bank accounts are exempt from
service charges if certain minimum balance
requirements are met. In addition, a cus-
tomer who maintains a minimum balance
might receive a small insurance policy and
additional financial services. The customer’s
financial institution covers the costs of pro-
viding these services with earnings from
funds deposited there. In fact, bank interest
earnings are typically higher than the com-
bined expenses of these “free services” and
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interest paid to consumers. Theoretically, a

depositor could receive interest income s
equal to that earned by the bank and could 20 O e
separately purchase the services. The BEA & E vel-
treats the difference between the bank inter- %
est earnings on customer deposits and the =
above two expenses as imputed interest in- g :g o 3 % ‘3 2
come to persons. An equal dollar amount is G “E‘) g
imputed to personal consumption for con-
sumption of financial services. For their im-
putations, the income is equal to the 2]
= - (o )R To T e - o .. o]
outlays. (=) 23 SN s
Other imputations include employment- T ‘—; = B83I88=
related series for food furnished to employ- 5 63
ees (including military and domestic 2. s
o £ S & —OaNO
employees) and standard clothing issued to = 2 -3 B DO = O
military personnel. Imputations are also "5 & g SHEBT
made for rental value of buildings and _g
equipment owned and used by nonprofit =
institutions serving individuals, for farm =
products consumed on farms, and for mar- 'g
gins on owner-built homes. il T ® 3 e ey
While the BEA's imputation decisions are © I 9&S 8353 ¢
all reasonable, there are alternatives that S 3 "3 g3
incorporate other ways of accounting for im- ol g g §Tg o M
putations.’ The significant point is that the o & a2 ©OGW
methods of imputation used by the BEA -g -02 S > LIRS
have an impact on both the time path and = o ©
level of the U.S. savings rate. g §
Impact of Imputations. What impacts Q=
have imputed income and outlays had on g - 2L 3 0 ® oo
the personal savings rate? Table 2 com- (&) : gé BBB886
pares levels of personal income and com- o] e Es
ponents according to BEA measures, with % Tg % __ N
and without imputations. The inclusion of Q @ = :8 S AN & ®
imputations by the BEA significantly raises g £25 el
total as well as disposable personal income; (%}
personal outlays are also increased, al- =
though by relatively less. Consequently, as ©
mentioned earlier, personal savings figures S o § g g g = «
are higher with BEA imputations than if im- Y EE 2QQW §
puted income and expenses were ignored. &’ 2 =
In their influence on the level of personal E:!
and disposable personal income, financial 2T R R
services furnished without payment account- o g SSeE e
ed for virtually all of the higher level. With
imputations, personal income was $82.6 bil-
lion higher in 1989; of this amount, $90.3 bil-
lion came from the financial services AENLY
component. Owner-occupied housing impu- 22900
tations (farm and nonfarm) reduced personal
income by $18.0 billion that year.
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1965
1966
1967
1968
1969

1970
1971
1972
1973
1974
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1975
1976
1977
1978
1979

1980
1981
1982
1983
1984

1985
1986
1987
1988
1989

552.0
600.8
644.6
707.2
773.0

831.8
894.0
981.6
11017
1,210.1

1,313.4
1,451.4
1,607.5
1,812.4
2,034.0

2,258.5
25209
2,670.8
2,838.6
3,108.8

3,325.4
3,526.2
3,766.4
4,070.8
4,384.3

532.7
9797
622.1
684.4
748.9

806.3
868.0
955.3
1,073.7
1,179.5

1,280.0
1,417.0
1,574.0
1,707
1,990.6

2,213.5
2,475.5
2,623.3
2,784 1
3,059.4

3,270.0
3,455.1
3,679.3
3,983.4
4,301.7

65.2
74.9
82.5
977
116.3

116.2
1172
142.0
151.9
171.8

170.6
198.7
228.2
261.2
304.7

340.6
393.3
409.3
410.5
440.2

486.6
5129
5717
591.5
658.8

741
84.5
93.2
109.8
129.8

131.6
134.2
160.2
171.6
192.8

193.7
2242
256.2
289.9
334.3

372.6
429.1
448.8
453.0
486.2

536.1
565.6
627.6
650.6
723.1

486.8
525.9
562.1
609.6
656.7

715.6
776.8
839.6
949.8
1,038.3

1,142.8
1,252.6
1,379.3
1,0012
1,729.3

1,918.0
2,127.6
2,261.4
2,428.1
2,668.6

2,838.7
3,013.4
3,194.7
3,479.3
8,725.5

458.5
495.2
528.9
574.6
619.1

674.7
733.8
795.1
902.0
986.7

1,086.3
1,192.8
1,317.8
1,481.8
1,656.3

1,840.9
2,046.4
2,174.5
2,331.1
2,573.2

2,733.9
2,889.5
3,051.7
3,332.9
3,578.6

4525
489.9
516.9
567.1
614.4

657.8
710.4
778.2
860.8
941.6

1,038.1
1,156.8
1,288.6
1,441.0
16132

17811
1,968.2
2,107.5
2,297.5
2,504.5

2,713.3
2,888.5
3,102.3
3,333.6
3,553.7

441.9
474.6
498.8
548.6
5941

632.8
693.1
766.3
848.7
918.1

1,006.8
1,137.2
1,285.1
1,438.8
1,589.9

1,736.8
1,917.5
2,037.6
22699
2,484.2

2,687.6
2,872.0
3,069.4
3,305.8
3,507.2

34.3
35.9
45.2
42.4
42.2

57.8
66.3
61.3
89.0
96.7

104.6
95.8
90.7

110.2

118.1

136.9
159.4
154.0
130.6
164.1

125.4
124.9

92.5
145.7
171.8

16.6
20.5
30.2
26.0
25.0

42.0
40.7
28.5
53.4
68.7

795
55.6
32.8
43.0
66.4

104.1
128.9
136.9
61.2
89.0

46.3
17.5
=17.7
27.1
69.4

Source: Calculated by the Federal Reserve Bank of Atlanta from data in Survey of Current Business, Table 8.9, July issues of 1986, 1987, 1988, 1989, and 1990.

National Income and Product Accounts of the United States, 1929-82, Table 8.9.
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Outlays were also higher with imputa-
tions. Of course, the treatment of financial
services received without payment raises
both income and consumption by the same
amount, giving a greater relative boost to
outlays. However, a significant portion of
personal outlays is credited toward net pur-
chases of housing. This calculation reduces
the overall amount by which the imputa-
tions for outlays raise the level of personal
outlays. In 1989, imputations raised outlays
by only $46.5 billion, compared with an
$82.6 billion increase in income.

Finally, personal tax and nontax pay-
ments are considerably lower with imputa-
tions included. The difference was $64.3
billion in 1989. The factor accounting for the
lower figures is the shifting of taxes and in-
terest expenses to owner-occupied housing
charges against GNP.

The personal savings rate is also higher
{(see Table 3). The BEA’s mean rate for the
1960-89 period is 6.7 percent. Without impu-
tations the mean is 3.8 percent. The savings
rate’s small downward trend over the entire
1960-89 period is about one and three-
quarters times the without-imputations
trend. Imputations also considerably re-
duced the savings rate’s variation. The official
series’ coefficient of variation is less than half
that of the series without imputations. These
impacts on level, trend, and variation can al-
so be seen in Chart 1. Interestingly enough,
both series declined by 6.5 percentage
points from the post-1960 peak savings rate
in 1973 to the 1987 low point.

Treatment of Autos and Other
Consumer Durables

Those who monitor monthly releases of
economic data have long recognized that
swings in sales of autos and other consumer
durables have a significant impact on
changes in measurements of personal con-
sumption and an even greater relative effect
on the personal savings rate. The BEA's treat-
ment of consumption outlays for autos and
other consumer durables accounts for this
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pattern: the BEA counts auto and other
durables purchases by consumers as fully
consumed in the month of purchase. This ap-
proach simplifies the measurement of auto
and consumer durables production as part of
the BEA’'s GNP estimate, which is a measure
of current production, not income. Other
measurement decisions would yield different
time patterns of income and consumption
and different levels of the savings rate.

An alternative approach to that used by
the BEA is to estimate the flow of services
from autos and other consumer durables
consumed over time following the principle
behind the imputation of income from and
consumption of the services of owner-
occupied housing.® Using an estimate of de-
preciation to measure the flow of income
from the consumption of consumer durables
in years beyond the purchase date illus-
trates this alternative’s impact on savings
rate measures.’

To determine the method’s relative influ-
ence on the personal savings rate, an adjusted
personal savings rate series can be created.
Using a portion of current consumer durables
consumption and adding a share of sales from
prior years over the depreciable lifetime of
the product, one can calculate approximately
the impact of measuring income and services
consumed from consumer durables.

For automobiles five years is the appropri-
ate depreciation period; personal consump-
tion for motor vehicles and parts is estimated
on a straight-line basis. Assuming that pur-
chases on average take place in mid-year
(that is, purchases are evenly distributed
over the year), one-tenth of consumption
takes place in the year of purchase, another
one-fifth occurs in each of the next four years,
and the remaining one-tenth is depreciated
the sixth year. To create the adjusted person-
al savings rate series, the official component
for motor vehicle consumption is subtracted
from outlays and the new estimate using this
depreciation measure is substituted. Table 4
and Chart 2 compare the personal savings
rate measured with the adjustment for auto
income and consumption.

As shown in Table 4, adjusted in this man-
ner, the series for the personal savings rate
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Table 3.
Personal Savings Rate, Official and Without Imputations

Personal Savings Rate Year-to-Year Change
Official Without Difference Official ~ Without  Difference
1960 5.8 15 43 -0.5 0.1 -0.6
1961 6.6 29 3.7 0.8 1.4 —0.6
1962 6.5 207 3.8 —0.1 -0.2 0.1
1963 59 1.9 4.0 -0.6 -0.8 0.2
1964 7.0 3.3 3.7 2 1.4 -0.3
1965 7.1 36 35 0.1 0.3 -0.2
1966 6.8 4.1 2.7 -0.3 0.5 -0.8
1967 8.0 5.7 23 1.2 1.6 0.4
1968 7.0 4.5 2.5 -1.0 -1.2 0.2
1969 6.4 4.0 24 -0.6 -0.5 -0.1
1970 8.1 6.2 1.9 1.7 2.2 -0.5
1971 8.5 5.5 3.0 0.4 0.7 1.1
1972 7.3 3.6 3.7 -1.2 -1.9 0.7
1973 94 59 3.5 2.1 2.3 -0.2
1974 9.3 7.0 2.3 —0.1 105 -1.2
q 1975 9.2 7] 1.9 —0.1 0.3 -0.4
! 1976 7.6 4.7 29 -1.6 —2.6 1.0
1977 6.6 2.5 4.1 -1.0 2.2 12
1978 71 29 4.2 0.5 04 0.1
1979 6.8 4.0 2.8 -0.3 1 -1.4
1980 71 57 1.4 0.3 1.7 -1.4
1981 . 7.5 6.3 1.2 0.4 0.6 -0.2
: 1982 6.8 6.3 0.5 -0.7 0.0 -0.7
T 1983 5.4 26 2.8 -1.4 -3.7 2.3
1984 6.1 35 2.6 07 0.9 0.2
1985 4.4 1.7 2/ -1.7 -1.8 0.1
1986 4.1 0.6 35 -0.3 -1.1 0.8
1987 2.9 -0.6 3.5 -1.2 -1.2 0.0
1988 4.2 0.8 34 13 1.4 -0.1
[J 1989 4.6 1.9 2.7 0.4 1.1 -0.7
Mean 6.68 3.75
Coefficient
of Variation 0.23 0.54
Trend -0.08 -0.05
; Long-Term
7 Decline
1987-73: 6.5 6.5
Note: The coefficient of variation is the ratio of the standard deviation to the mean. Trend is the coefficient of
a time variable in an ordinary least squares regression with the personal savings rate, the dependent
variable and the independent variables being time and a constant. Time equals 1 for 1960, 2 for 1961,
and 3 for 1962, and so forth.
Source: Calculated by the Federal Reserve Bank of Atlanta from data from the U.S. Department of Commerce,
Bureau of Economic Analysis.
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Chart 1.

Personal Savings Rates, With and Without Imputations

1960-89

Percentage of
Disposable Income
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Source: See Table 3.

has a higher value throughout than does the
official data series. The coefficients of varia-
tion are slightly lower than the official rate,
and the decline from 1973 through 1987 is
slightly higher—6.8 percentage points for
the adjusted series versus 6.5 percentage
points for the unadjusted data. Apparently,
the BEA’s treatment of auto purchases was
somewhat favorable in terms of the decline
in the personal savings rate’s not being as se-
vere over the 1973-87 period with the official
series versus the adjusted series. However,
the adjustment significantly increased the es-
timated savings rate by an average of | per-
centage point over the 1960-89 period.
Table 4 also shows that applying the pro-
cedure used with motor vehicles to estimate
an adjusted depreciation series for autos and
other durables significantly raises the per-
sonal savings rate above official and auto-

adjusted levels. The nonauto adjustment
provided a little more than half of the upward
boost of all durables. Variability also is
marginally less. The personal savings rate de-
cline also becomes more pronounced when
the savings rate is adjusted for autos and oth-
er durables. Thus, the BEA’s procedure of
counting durables as fully consumed when
purchased was slightly favorable toward the
observed personal savings rate during the
1973-87 period. On the other hand, the use of
durables consumption based on deprecia-
tion raises the personal saving rate. This se-
ries yielded a figure 2.9 percentage points
higher than the BEA’s in 1973 and 2.3 per-
centage points in 1987.

The above procedure is a simple method
of adjusting for durables consumption
and investment. In fact a more elaborate
method suggested by Blades and Sturm
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Table 4.
Personal Savings Rates, With Depreciated Durables Consumption

With With With
Depreciation Depreciation Depreciation
Official for Motor for Nonauto for Total
Basis Vehicles Durables Durables

1960 5.8 6.5 6.1 6.8
1961 6.6 6.7 6.9 7.0
1962 6.5 7.4 7.0 7.9
1963 5.9 Vi 6.6 7.8
1964 7.0 8.1 8.1 9.2
1965 7.0 8.5 8.3 9.8
1966 6.8 7.8 8.5 9.4
1967 8.0 8.5 9.5 10.0
1968 7.0 8.1 8.4 9.6
1969 6.4 75 7474 8.8
1970 8.1 8.4 9.1 94
1971 8.5 9.8 9.4 10.6
1972 7.3 8.8 8.6 10.0
1973 9.4 10.8 10.9 12.3
1974 9.3 9.7 10.8 114
1975 9.2 9.7 10.5 111
1976 7.6 9.1 9.1 10.6
1977 6.6 8.4 8.1 9.9
1978 7.1 8.8 8.7 10.4
1979 6.8 8.0 8.4 9.6
1980 ‘7. 7.4 8.4 8.7
1981 7.5 7.9 8.6 9.1
1982 6.8 74 77 8.2
1983 5.4 6.6 6.4 7.6
1984 6.1 7.9 7.4 9.1
1985 4.4 6.3 5.7 7.7
1986 4.1 5.9 5.5 7.2
1987 2.9 4.0 4.2 5.2
1988 4.2 5.1 54 6.4
1989 4.6 5.2 b 6.3
Mean 6.7 7.7 7.9 8.9
Coefficient
of Variation: 0.23 0.19 0.21 0.19
Trend -0.08 -0.07 -0.06 -0.05
Long-Term
Decline
1987-73 6.5 6.8 6.7 7.1

Note: The coefficient of variation is the ratio of the standard deviation to the mean. Trend is the coefficient of
a time variable in an ordinary least squares regression with the personal savings rate, the dependent
variable and the independent variables being time and a constant. Time equals 1 for 1960, 2 for 1961,
and 3 for 1962, and so forth.

Source: Calculated by the Federal Reserve Bank of Atlanta from data from the U.S. Department of Commerce,

Bureau of Economic Analysis.
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Chart 2.
Personal Savings Rates, With Depreciated Durable Consumption
1960-89

Percentage of
Disposable Income
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(1982) produces a dramatically higher per-
sonal savings rate over the 1960-89 period.
Their method essentially adds durables pur-
chases to the official savings level for the nu-
merator of the personal savings rate and adds
depreciation of durables purchases as an in-
come component to disposable personal in-
come for the denominator. Using the Blades
and Sturm method and the depreciation esti-
mates given earlier, this type of adjustment
for total durables produces a mean value of
17.42 percent for the personal savings rate
over the 1960-89 period with a trend of -0.06
and coefficient of variation of only 0.08. How-
ever, the 1973-87 decline is lessened (in con-
trast to the other adjustment method), with
only a 5.8 percentage point drop. Obviously,
the method of adjustment does significantly
affect the level of the personal savings rate as
well as the long-term trend.

L S Lt e e
Impacts on Intertemporal Compar-
isons of the U.S. Savings Rate

The two measurement conventions dis-
cussed in this article—the National Income
and Product Account treatments of imputed
income and consumption and of auto and
consumer durables consumption—certainly
are not the only ones that affect the personal
savings rate. However, the data presented
here indicate that measurement decisions re-
lated to these components have influenced
the level as well as intertemporal variation of
the measured savings rate.

The BEA's housing treatment raised the
personal savings rate because property taxes
as well as expenses were shifted to the busi-
ness sector and because outlays were re-
duced by net purchases of housing. Its
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treatment of autos and consumer durables
led to a savings rate lower than the level it
would have reached had these goods been
treated as providers of consumer services
over several years.

R
Conclusion

This analysis seeks to demonstrate that
decisions about the measurement of per-
sonal savings rate components can influence

levels, variability, and trends in the person-
al savings rate. Given the influence of some
decisions on difficult measurement issues in
determining U.S. savings rate trends and
levels, the “official” personal savings rate
should not be considered an exclusive or a
pure reflection of consumer behavior. The
usefulness of the personal savings rate mea-
sure for analyzing personal savings behavior
both over time and among countries can be
improved by careful analysis of the impact
of measurement decisions on the savings
rate’s level and trends.

Notes

! The following studies exemplify discussions of how var-
ious factors influence the personal savings rate. Hy-
potheses about savings behavior over time in the
United States, particularly personal savings, are con-
sidered in Summers and Carrol (1987) and by Blinder
and others in the discussion accompanying that article.
Intercountry differences in behavior are the focus of
Carrol and Summers (1987) and Frietas (1981); Blades
and Sturm (1982) discuss both economic structure and
definition differences, while Hendershott and Peek
(1987), deLeeuw (1984), and Ruggles and Ruggles
(1986) deal with the influences of varying definitions.

2 The Board of Governors of the Federal Reserve System
(1980) publishes a different measure of the person-
al savings rate, based on flow of funds data. See
deLeeuw (1984) for a discussion of differences be-
tween the BEA and Federal Reserve measures and an
evaluation.

* For more detailed information on how the BEA esti-
mates personal income, see Byrnes et al. (1979).

4 Data come from U.S. Department of Commerce, Survey
of Current Business, July 1986-90, Table 8.9, and National
Income and Product Accounts of the United States, 1929-82.

> See, for example, Ruggles and Ruggles (1986) for an-
other approach to imputations of personal income tax-
es and expenditures.

6 This approach has been suggested by several other
students of national income accounting. For instance,
see Blades and Sturm (1982), Ruggles and Ruggles
(1986), and Hendershott and Peek (1987).

71f treated like purchases of owner-occupied housing,
such an estimate would also account for personal prop-
erty taxes paid on autos and other durables and for re-
pairs, maintenance, and interest expenses. Estimates
in the remainder of this paper follow Corrado and
Steindel (1980) in ignoring these items. Ruggles and
Ruggles (1986) adopt the more complicated method
more closely paralleling treatment of owner-occupied
housing. Hendershott and Peek (1987) adjust by
adding auto and consumer durables outlays to savings.
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High Tech, Low Tech, No Tech:

Recent Industrial and Occupational Change in the South

by William W. Falk and Thomas A. Lyson.

Albany, N.Y.: State University of New York Press, 1988.

181 pages. $44.50.

1\?&\

he South’s economic development,
I or lack thereof, has been the subject
of many treatises since economic
progress in the region was first recognized as
lagging seriously behind advances in the rest
of the United States. A number of factors are
blamed for contributing to the South’s persis-
tent economic backwardness. Most have to
do with the region’s generally poor use of re-
sources, the low skill levels and earning pow-
er of southerners, and the ineffectiveness of
measures adopted to remedy the region’s
deficiencies.

The 1970s brought the first cause for opti-
mism in the South as the miraculous ingredi-
ents of robust economic growth seemed
suddenly to have come together in the re-
gion. The “Sun Belt” became the place of
choice for increasing numbers of new resi-
dents. Indeed, long-standing problems ap-
peared to be fading, and a new era of
faster-than-national economic growth had fi-
nally arrived.

This new picture of the South is a mirage,
however, according to William W. Falk and
Thomas A. Lyson. In High Tech, Low Tech, No
Tech: Recent Industrial and Occupational Change in
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the South, the authors argue that the false op-
timism is based on improved performance of
only narrow sectors of the region. They con-
tend that most of the South remains mired in
its traditional backwaters that have only been
further muddied by misguided efforts to gen-
erate economic progress. The South’s vast ru-
ral areas and their poorly-skilled residents
have largely been left behind by the glis-
tening development that has in fact been
limited to a few major metropolitan areas,
according to the authors.

Falk, who chairs the Department of Sociol-
ogy at the University of Maryland, College
Park, and Lyson, an associate professor of ur-
ban sociology at Cornell University, focus on
changes since the 1970s to demonstrate that
the widely publicized Sun Belt growth has
skipped over broad geographic regions and
population bands. To demonstrate the dis-
parities of economic growth, the authors sep-
arate southern counties into four groups
based on the relative concentrations of their
rural and urban populations and the relative
racial composition of rural areas. One group is
composed of counties included in metropoli-
tan statistical areas, labeled MSA counties. A
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second group consists of non-MSA counties
with 20,000 or more urban residents, which
are called Other Urban counties. A third group
includes the rural counties with mostly white
residents, referred to as Rural White counties.
Rural counties with relatively large black pop-
ulations (40 percent or more of total resi-
dents) make up what the authors have called
the Black Belt counties, the fourth group.

Falk and Lyson’s comparisons of industrial
activity and occupational distributions among
the four county groups provide the primary
evidence of economic growth disparities be-
tween particular areas and population groups
across the South. For example, the two urban
county groups have higher proportions of ser-
vice and trade industries, and the two rural
groups exhibit larger shares of farming and
manufacturing. While blue-collar jobs are
main occupations of rural county residents,
professional, managerial, and sales/clerical
jobs are more prevalent occupations in the
urban counties, especially the MSA group.

The authors claim that these industrial and
occupational differences reflect the opera-
tions of de facto industrialization policies in
the South during the past fifty years. Under
the policies, various incentive packages have
been offered primarily by state and local
governments to attract new business growth.
Most of these incentives are said to favor
urban development in that they have
helped cities and their suburbs attract
rapidly growing, technologically advanced
industries that provide a large number of
good jobs.

Rural areas, on the other hand, while also
experiencing growth since 1970, have tended
to gain the less dynamic and innovative busi-
nesses looking for cheap labor and relocation
subsidies such as tax breaks, training pro-
grams, and low-cost financing schemes. In
some cases, Falk and Lyson contend, the
costs to the communities of these incen-
tives have outweighed the advantages of
having the new employer move in. Further-
more, the authors note, such firms will fre-
quently, with little warning, move to
another location before a community has
had time to recover recruitment costs. In
spite of this pattern, the philosophy that
“any job is better than no job” keeps rural

FEDERAL RESERVE BANK OF ATLANTA

developers on the chase for such compa-
nies.

The jobs offered by the highly mobile
firms that rural areas attract are typically con-
centrated in textile, apparel, and other labor-
intensive occupations. They require relatively
little training, have few benefits, are largely
nonunionized, and offer almost no income
growth potential. In addition, Falk and Lyson
observe, these jobs are vulnerable to being
exported to Third World countries where
wages are still cheaper and workers even
more abundant than in southern rural areas.
Consequently, the authors project that indus-
tries will continue to move in and out of the
rural South in revolving-door fashion unless
policies are adopted to make immigrant com-
panies fiscally and ethically responsible.

Another employment problem in the
South is revealed in comparisons of the pro-
portions of white and black men and women
found in various occupations. Falk and Lyson
cite evidence of rampant racial and sexual
job discrimination. When the authors divided
jobs into desirable and undesirable cate-
gories based loosely on the menial nature of
the tasks, the variations in jobs held by dif-
ferent race/sex groups were shown to be
quite large. The authors found that in general
white men were more than two times as
prevalent in the better jobs than white wom-
en or black men and over four times more
than black women. Furthermore, by Falk and
Lyson's measures, the more rural the geogra-
phy, the more exaggerated these disparities
became.

Although they provide no evidence to in-
dicate how the South differs from the nation
overall or from other regions, the authors
attribute employment inequities among
race/sex groups to the entrenchment of tradi-
tional southern socioeconomic patterns. They
conclude that the industrial recruitment
strategies used to attract firms from outside
the region have done surprisingly little to al-
ter the social landscape and parallel econom-
ic picture of the South.

What is to be done about the problems
that hinder the South’s economic progress,
especially in the predominant rural areas?
The authors suggest two new policy thrusts
for future development. They call for a na-
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tional industrial policy to coordinate and
complement activities at the national, state,
and local levels, striving for an equitable dis-
tribution of jobs across rural and urban sec-
tors of a region. Falk and Lyson envision this
policy as one that would encourage the
existing industrial base to remain and grow,
helping new firms get started and recruiting
high-growth industries that would match and
upgrade the skills of the local labor market.
Such an approach would also involve aban-
doning the short-sighted and ultimately
self-defeating practices of offering ever-
more-costly incentives in an effort to capture
footloose firms.

The authors recommend other initiatives,
including some suggested by bodies such as
the Southern Growth Policies Board, that
would concentrate on enhancing human re-
source development through improved
education. Falk and Lyson recommend a re-
structuring of vocational educational pro-
grams in rural communities from specific job
training toward development of more general
skills and behaviors affecting work perfor-
mance—independence, responsibility, en-
trepreneurship, and the like. Specific job
preparation would be shifted to on-the-job
training in the private sector. Additionally,
Falk and Lyson recommend development of
small business incubator facilities to nurture
the creation and expansion of new and
small businesses in rural areas. Special
mechanisms would channel venture or risk
capital to these enterprises. Finally, the au-
thors suggest that a national industrial poli-
cy address the obstacles faced by various
disadvantaged worker segments and pro-
vide for creation of more desirable jobs in
rural areas.

Falk and Lyson'’s final policy suggestion is
to adopt what they call democratic economic
planning. By this they mean abandoning cur-
rent market-based allocation of goods and
services and relying instead on a system of
direct planning that focuses on meeting the
populace’s needs for goods and for personal
development. A major component of this sys-
tem would be the development of public en-
terprises at all government levels to provide
the goods and services that private enterpris-
es cannot or will not produce.

.org/

Federal Reserve Bank of St. Louis

The authors' ideas of democratic economic
planning include programs that would pre-
serve industries and businesses whose eco-
nomic livelihood is threatened because their
products can be produced more cheaply or
of better quality elsewhere. These programs
would help employees purchase floundering
plants. Falk and Lyson contend that, under
employee ownership and management, such
plants could be operated more profitably
and preserved, thereby saving jobs and at
the same time giving employees more con-
trol over their economic destinies.

Falk and Lyson close their treatise on
southern economic problems with a recita-
tion of the region’s more recent economic af-
flictions during the 1980s—the drop in oil

“[Tlhe authors suggest that a national
industrial policy address the obstacles
faced by various disadvantaged worker
segments and provide for creation of
more desirable jobs in rural areas.”

prices, the closing of textile mills, the loss of
southern lumber markets to subsidized
Canadian lumber, the farm crisis attributable
to both drought and loss of overseas markets,
and the increasing movement of branch
plants from the South to Third World loca-
tions. The authors argue that all of these de-
velopments further signify the need for
greater equality of opportunity for econom-
ic success to be afforded to everyone. To
achieve this goal, they assert, the way Ameri-
can business is conducted and federally reg-
ulated must be radically altered. Falk and
Lyson condemn the operation of American-
style capitalism for its exclusive profit mo-
tive, which they maintain has less concern for
the common good than for the welfare of a
few (presumably the business owners), there-
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by foreclosing the possibility of an economi-
cally just society.

While Falk and Lyson have identified
some of the South’s important social issues
and serious obstacles to economic develop-
ment, one must question several of the au-
thors’” assertions and data. Are the differences
observed among population groups in geo-
graphical areas in fact attributable solely to
current racial, sexual, and geographical dis-
crimination, or may they be, at least partially,
the legacy of past patterns of discrimination
in jobs and education? Conspicuous by its
absence is any reference to educational dif-
ferences among the various population
groups. Although the authors acknowledge
the need for higher levels of education as a

“Although the authors acknowledge the
need for higher levels of education as a
prerequisite to economic progress, they
fail to compare the educational at-
tributes of their urban, rural white,
and rural black groups.”

prerequisite to economic progress, they fail
to compare the educational attributes of their
urban, rural white, and rural black groups. It is
reasonable to expect greatest economic de-
velopment in areas where educational levels
of the populace are highest. It is also logical
that better jobs would be held by those indi-
viduals best prepared to perform those jobs,
yet Falk and Lyson do not adequately consid-
er current variations in education among pop-
ulation groups.

For example, in Georgia, whose mix is rea-
sonably representative of the South as a
whole, there are interesting corollaries be-
tween educational attainment of the adult
population in various county regions and the
economic opportunities in those areas as cit-
ed by Falk and Lyson. By this reviewer's
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analysis, the highest average percentage of
people having eight or fewer years of
schooling (37.7 percent) was found in Geor-
gia's thirty-five nonmetropolitan counties
where black residents make up 40 percent
or more of the total population. These coun-
ties coincide with the authors’ rural black
counties. Comparable percentages in their
eighty-six nonurban white counties and the
thirty-eight urban counties are 33.7 and 23.2,
respectively.

Proportions of high school graduates in
Georgia's population were 22 percent in ru-
ral black counties, 26.1 percent in nonur-
ban white counties, and 30.5 percent in
metropolitan counties. Thus, the highest pro-
portions of people with fewer years of educa-
tion are in rural areas of the state, and the
heaviest concentrations are in the rural black
areas. It is only in the category of four years
or more of college that rural black counties
approach the rural white counties, but the
proportions (7.7 percent versus 8.5 percent)
are so low as to be of minor consequence
compared to the 14.6 percent with four years
or more of college education in metropolitan
areas. Educational quality may actually be
lower in rural school districts with more limit-
ed resources for education. Thus, one would
expect low-skill employment opportunities
to be the most prevalent job types in the ru-
ral areas.

Falk and Lyson also demonstrate that
women hold fewer well-paying, more desir-
able jobs than men in all areas, a fact they
attribute entirely to current sexual discrimina-
tion. However, educational differences may
be an explanatory factor here as well. In Geor-
gia, a smaller percentage of women than men
twenty-five years old and over have complet-
ed high school and college. The difference is
greatest at the college level; 22.8 percent of
the men versus 16.0 percent of women had
completed college in 1987. Also, in Florida
and North Carolina, other southern states for
which data are available, significantly higher
proportions of men than women had complet-
ed college.

The educational differences between men
and women were apparently not the same for
the black subgroup of the population, howev-
er. At the national level, black women and
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men were more nearly equal in educational
attainment, with women holding a slight
edge in high school and early college educa-
tion. Assuming that relationship also holds
for the South, the fact that black women oc-
cupy the lowest rung on the job desirability
ladder as described by Falk and Lyson is
consistent with a pattern of sexual discrimi-
nation. However, it is also possible that the
educational pursuits of black women have
not qualified them suitably for such skilled
occupations as those of plumbers, electri-
cians, welders, machinery operators, and ma-
chinists, which are the higher-paying jobs
offered by the manufacturers in rural areas
where women are most disadvantaged.

In assessing the impact of current dis-
crimination, one is left to wonder why man-
ufacturers from outside the region (and
presumably free of the South'’s traditional bi-
ases) would do other than fill their jobs, es-
pecially those in the higher wage categories,
with the people available who are likely to be
most productive. Falk and Lyson might more
accurately have reflected current discrimina-
tion had they presented evidence of varia-
tion in wage rates or pay for a particular job
by sex or racial group. Unfortunately, de-
tailed data are not generally available to ex-
amine wage variability by sex and race within
particular occupational groups. A few other
researchers, however, have explored closely
related topics.

A recent study by James J. Heckman and
Brook S. Payner used a unique source of data
on industrial employment in South Carolina
to study employment and wages by race,
sex, and industry.! The researchers found
that real wages differed among race/sex
groups in a pattern rather consistent with the
“good” job—“bad” job employment distribu-
tion of these groups as presented by Falk
and Lyson. That is, from 1940 to 1967, real
wages were highest for white men and next
highest for white women; black men ranked
third, and black women were at the bottom
of the scale. Heckman and Payner found
that manufacturing employment of blacks
remained at relatively low levels until the
mid-1960s. However, they found that once
skill levels were accounted for, blacks were
not underrepresented in economic sectors
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other than textiles even in 1960. They also
found evidence that as their skill levels ex-
panded, so did blacks’ employment and av-
erage wage rates.

Falk and Lyson’s ignoring evidence that
current education levels are related to em-
ployment distribution and wages probably
places too much emphasis on discrimination
as an explanation of current race and sex
economic differences. Different education
and skill levels seem to play a part, although
past discrimination may have been quite in-
fluential in education and skill attainment.
By their emphasis on discrimination the au-
thors actually undercut their recommenda-
tion that southern governments use more
and better resources to provide education as
an important contribution to southern eco-
nomic development.

Perhaps the most disturbing portions of
the Falk and Lyson book from an economic
viewpoint are those which communicate the
authors’ flagrant disregard for the role of dif-
ferential resource endowments in economic
development and the proposal to abandon
the marketplace as a director for the employ-
ment of those resources. Sustainable eco-
nomic development of an area must be
based on advantages that place it in the
most favorable (or least unfavorable) posi-
tion with competing locations. In the past, an
abundance of low-skilled labor has been the
principal comparative advantage of many
southern areas in attracting labor-intensive
industries. Plentiful labor meant low labor
costs for firms such as textile and apparel
manufacturers for whom low-skilled labor
represented a high proportion of production
costs. Such firms moved away from higher la-
bor cost areas in the Northeast and into the
South, where workers often changed willingly
from farms, where their incomes were even
less, to jobs at these firms. The low market
rate for labor was the signal that directed the
inflow of labor-intensive industries, not the
decree of a planning group that determined
that textile and apparel firms should move
to the South to produce a more balanced
economy.

The market system also works to draw
mobile resources away from areas where
their abundance assigns them relatively low
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market value and into areas where they are
relatively more scarce and have greater val-
ue. Higher wage rates in urban versus rural
areas and in the industrial North versus the
rural South have been responsible for mas-
sive waves of human migration away from
low-wage localities to areas with more lucra-
tive employment opportunities. It seems
clear that poverty, especially in southern ru-
ral areas, would be much more severe than it
is now if the populace had been prevented
from responding to market forces that drew
workers to better opportunities.

The free market system is not a panacea,
of course. Public programs to encourage the
transfer of workers to other locations, to re-
train or educate workers for new occupations,
and to supplement incomes of people who
cannot become employable provide direct
benefits to workers and to society. The mar-
ket system alone often will not provide this
assistance. The most desirable public sector
programs work to upgrade people’s chances
of gaining employment so that they need rely
only temporarily on public assistance. By
contrast, programs that encourage inefficient
workers to remain in noncompetitive and un-
profitable industries, like some Falk and
Lyson describe, for indefinite periods are
likely to work to the long-term detriment of
the very people, industries, and areas in-
tended for assistance. Rather than being a
solution, such subsidies tend to discourage
the adjustments needed to regain economic
efficiency. For that reason, Falk and Lyson’s
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proposal to abandon market-based alloca-
tion of goods and services in favor of a direct
planning system could be dangerously
counterproductive.

The future development of the South is
likely to be based on advantages other than
cheap labor since even the lowest-paid
southern workers are now much more costly
than laborers in Third World countries. Such
attributes as low-cost land and facilities,
abundant fresh water, easy transportation ac-
cess, minimal congestion, and a less stringent
regulatory environment may be the drawing
cards that increasingly account for new busi-
ness locations in rural areas. It will be some
combination of such factors that reduces cost,
enhances output, or increases monetary and
aesthetic returns to entrepreneurs and at-
tracts new business to an area. In the existing
governmental (and economic) system, no
amount of the authors’ prescription for
“democratic economic planning” is likely to
override the influence of basic economic
forces on economic development.

Gene D. Sullivan

The reviewer is a research officer in the regional section of the At-
lanta Fed's research department.

Note

! James ]. Heckman and Brook S. Payner, “Determining
the Impact of Federal Antidiscrimination Policy on the
Economic Status of Blacks: A Study of South Carolina,”
The American Economic Review 79 (March 1989): 138-77.

55

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






CRA Brochure Details New
Ratings, Availability Provisions

To help consumers better understand the Community
Reinvestment Act and recent changes in that legislation
requiring banks to meet the credit needs of their entire
communities, the Federal Reserve Bank of Atlanta has
published Is My Bank Meeting Its Community Reinvestment
Obligations?

The pamphlet outlines the CRA, describes what it re-
quires of banks and thrifts, and explains changes that
took effect July 1, 1990, making each bank’s most recent
rating available. Directed toward the general public, the
publication is designed to help consumers comprehend
how regulators arrive at an overall CRA rating for an insti-
tution. The brochure may also be used as a vehicle for
banks to communicate recent CRA modifications to their
communities and customers.

Up to 50 copies may be ordered free. Additional copies
are available for S.15 each (educators exempt). To order,
write to:

Public Information Department
Federal Reserve Bank of Atlanta
104 Marietta Street, N.W.
Atlanta, Georgia 30303-2713
404/521-8788.
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