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Economists and market 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. 

Th e p h r a s e term structure of interest rates 
r e f e r s t o t h e r e l a t i o n s h i p b e t w e e n 
i n t e r e s t r a t e s o n b o n d s o f d i f f e r e n t 

m a t u r i t i e s , it is n o d o u b t f a m i l i a r t o m o s t w h o 
p e r u s e t h e n e w s p a p e r ' s f i n a n c i a l p a g e s . A 
p r e c i s e u n d e r s t a n d i n g o f w h a t d e t e r m i n e s 
t h e r e l a t i o n s h i p s a m o n g t h e s e i n t e r e s t r a t e s 
is s t i l l l a c k i n g , h o w e v e r , d e s p i t e a v o l u m i -

n o u s a m o u n t o f r e s e a r c h . T h e r e a s o n for t h i s 
o p e n - e n d e d n e s s is n o t h a r d t o g r a s p : c u r r e n t 
i n t e r e s t r a t e s t o a l a r g e e x t e n t r e f l e c t e x p e c -
t a t i o n s of f u t u r e i n t e r e s t r a t e s , a s wel l a s all 
r e l e v a n t f a c t o r s t h a t i m p i n g e on t h e m . 

F i n a n c i a l e c o n o m i s t s h a v e l o n g s o u g h t t o 
c h a r a c t e r i z e , a n d m o r e i m p o r t a n t l y t o p r e -
d i c t , i n t e r e s t - r a t e m o v e m e n t s u s i n g m a t h e -
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mat ica l m o d e l s . T h e s e m o d e l s t e n d t o s h a p e 
t h i n k i n g a b o u t t h e t e r m s t r u c t u r e e v e n if a 
formal m o d e l is n o t a c o n s c i o u s par t of t h i s 
p r o c e s s . P o l i c y m a k e r s , m o n e y m a n a g e r s , 
a n d o t h e r i n v e s t o r s o f t e n l o o k t o t h e t e r m 
s t r u c t u r e for c l u e s a b o u t t h e m a r k e t ' s e x p e c -
t a t i o n r e g a r d i n g f u t u r e i n t e r e s t r a t e s . T o 
m a k e s e n s e of t h e array of i n t e r e s t r a t e s d e -
t e r m i n e d in f inancial m a r k e t s , a n y s u c h div-
inat ion usual ly impl ic i t ly o r e x p l i c i t l y u s e s a 
t h e o r y o f t h e t e r m s t r u c t u r e . T h e i n t e r e s t -
ra te f o r e c a s t s e m b e d d e d in t h e t e r m s t r u c -
t u r e m a y h e l p t o form i n d i v i d u a l f o r e c a s t s , 
u p o n which all k i n d s of e c o n o m i c d e c i s i o n s 
a r e b a s e d . D i f f e r e n c e s b e t w e e n i n d i v i d u a l 
a n d m a r k e t o u t l o o k s on i n t e r e s t r a t e s m a y 
a l s o s p u r i n v e s t o r s a n d s p e c u l a t o r s t o b e t 
a g a i n s t t h e m a r k e t t h r o u g h t h e i r t r a d i n g of 
b o n d s . T h i s t r a d i n g m o v e s b o n d p r i c e s a n d 
t h u s l e a d s t o a m e l d i n g of p r i v a t e i n f o r m a -
t ion with t h e p u b l i c in format ion e m b o d i e d in 
t h e t e r m s t r u c t u r e . 

S i n c e a b o u t t h e m i d - 1 9 8 0 s t h e m o s t i m p o r -
tant a p p l i c a t i o n of t e r m - s t r u c t u r e m o d e l s h a s 
b e e n in valuing var ious k inds of i n t e r e s t - r a t e 
o p t i o n s . T h e m o s t b a s i c of t h e s e a r e b o n d 
o p t i o n s , which can b e u s e d t o h e d g e t h e val-
ue of b o n d p o r t f o l i o s a g a i n s t c a p i t a l l o s s e s . 
I n t e r e s t - r a t e c a p s a n d s w a p s a r e e x a m p l e s of 
m o r e c o m p l e x i n t e r e s t - r a t e c o n t i n g e n t c l a i m s 
t h a t c a n h e d g e i n t e r e s t p a y m e n t s o n d e b t 
w h o s e i n t e r e s t r a t e f l u c t u a t e s p e r i o d i c a l l y 
with m a r k e t r a t e s . 1 C a p s a n d s w a p s c a n b e 
v i e w e d a s por t fo l ios of b o n d o p t i o n s and m a y 
b e v a l u e d using t e r m - s t r u c t u r e m o d e l s . Much 
current f inancial r e s e a r c h c e n t e r s on ref ining 
exis t ing t e r m - s t r u c t u r e m o d e l s a n d on d e v e l -
o p i n g n e w o n e s t h a t a r e e a s i e r t o u s e a n d 
m o r e a c c u r a t e in t h e i r p r e d i c t i o n s . 

This a r t i c l e b e g i n s with a rev iew of t h e e l e -
m e n t a r y t h e o r i e s of t h e t e r m s t ruc ture . T h e s e 
t h e o r i e s — t h e e x p e c t a t i o n s h y p o t h e s i s , t h e 
l iqu id i ty p r e m i u m h y p o t h e s i s , a n d t h e p r e -
f e r r e d h a b i t a t h y p o t h e s i s — h a v e b e e n s t a n -
d a r d s in e c o n o m i c s s i n c e t h e 1 9 6 0 s a n d still 
c o n s t i t u t e t h e c o r e o f c o n t e m p o r a r y t e x t -
b o o k s . T h e s e t h e o r i e s a r e n o l o n g e r " s t a t e of 
t h e a r t , " h o w e v e r . T h i s a r t i c l e a t t e m p t s t o 
b r i d g e t h e g a p b e t w e e n t h e t r a d i t i o n a l hy-
p o t h e s e s of t h e t e r m s t r u c t u r e a n d m o r e re-
c e n t , l e s s a c c e s s i b l e w o r k s t i m u l a t e d b y 
i n n o v a t i o n s in o p t i o n s p r i c i n g t h e o r y s i n c e 

t h e ear ly 1970s . Addi t iona l ly , t h e d i s c u s s i o n 
o f t h e t e r m - s t r u c t u r e m o d e l s e x p l o r e s t h e 
c o n n e c t i o n b e t w e e n t h e n e w m o d e l i n g " t e c h -
n o l o g y " t h a t p r o d u c e d t h e p a t h - b r e a k i n g 
B l a c k - S c h o l e s o p t i o n - p r i c i n g f o r m u l a p u b -
l i s h e d in 1973 a n d its a p p l i c a b i l i t y to pric ing 
b o n d s , which, l ike o p t i o n s , a r e a n o t h e r kind 
of s o - c a l l e d c o n t i n g e n t c la im. 

I n t e n d e d a s a n o n m a t h e m a t i c a l e x p o s i t i o n 
of b o t h t h e t radi t iona l a n d r e c e n t m o d e l s of 
t h e t e r m s t ructure , th is ar t i c le i n t r o d u c e s t h e 
t e r m s t ruc ture b y br ief ly rev iewing t h e t h r e e 
t r a d i t i o n a l h y p o t h e s e s a s wel l a s t h e n e w e r 
m o d e l s , which a r e e s s e n t i a l l y e l a b o r a t i o n s of 
t h e s a m e c o n c e p t s . Two r e c e n t - v i n t a g e t e r m -
s t r u c t u r e m o d e l s , d e v e l o p e d in t h e m i d -
1 9 8 0 s , a r e e x a m i n e d in d e t a i l — t h e C o x -
I n g e r s o l l - R o s s ( 1 9 8 5 b ) a n d Ho a n d L e e (1986) 
m o d e l s , which h a v e b e e n h ighly i n f l u e n t i a l 
a n d r e p r e s e n t d i f f e rent d i r e c t i o n s t h a t m o d -
e l ing efforts h a v e t a k e n . T o p r o v i d e a c o n t e x t 
f o r t h e s e m o d e l s , r e l a t e d m o d e l s a r e a l s o 
d i s c u s s e d . A b r i e f s u r v e y of v e r y r e c e n t re-
s e a r c h s h o w s how t h e s e n e w e r m o d e l s h a v e 
b e e n e x t e n d e d o r a p p l i e d , a n d an o p t i o n 
pr ic ing e x a m p l e us ing t h e Ho a n d L e e m o d e l 
i l l u s t r a t e s an i m p o r t a n t a p p l i c a t i o n of t h e s e 
m o d e l s . 

W h e t h e r p r i c i n g b o n d s o r c o n t i n g e n t 
c l a i m s , all m o d e l s c o n s i d e r e d in th is a r t i c l e 
s h a r e c e r t a i n b a s i c p r i n c i p l e s . T h e n e w m o d -
e l s e x p l i c i t l y b u i l d in u n c e r t a i n t y a b o u t t h e 
c o u r s e of future i n t e r e s t ra tes ; t h e y a r e m o d -
e l s o f r a n d o m i n t e r e s t r a t e s . K n o w l e d g e o f 
c o n s t r a i n t s o n t h e b e h a v i o r o f i n t e r e s t - r a t e 
m o v e m e n t s a l lows for c o n s t r u c t i o n of m o d e l s 
t h a t v a l u e b o n d s or i n t e r e s t - r a t e c o n t i n g e n t 
c l a i m s . T h i s a r t i c l e e x p l a i n s how t h i s va lua-
t ion is a c c o m p l i s h e d . 

The Term Structure under Uncertainty 

T h e t e r m s t r u c t u r e of i n t e r e s t r a t e s re fe rs 
t o y i e l d s o n b o n d s t h a t a r e a l i k e in all re -
s p e c t s e x c e p t t h e i r t i m e t o maturi ty . D e f a u l t 

The author is an economist in the financial section of the Atlanta 
Fed's research department. 
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risk, for e x a m p l e , should b e t h e s a m e across 
all b o n d s to allow meaningful c o m p a r i s o n s of 
b o n d y ie lds s p a n n i n g t h e maturity s p e c t r u m . 
Not only b e c a u s e c red i t risk is a b s e n t b u t al-
s o b e c a u s e g o v e r n m e n t b o n d s o f f e r t h e 
b r o a d e s t r a n g e o f m a t u r i t i e s o f al l b o n d s , 
m o s t a n a l y s e s of t h e t e r m s tructure a r e c o n -
d u c t e d using defaul t - f ree g o v e r n m e n t b o n d s . 
T h e b o x on p a g e 5 g i v e s s o m e e l e m e n t a r y 
def in i t ions c o n c e r n i n g z e r o - c o u p o n b o n d s as 
w e l l a s t h e a r i t h m e t i c f o r r e l a t i n g z e r o -
c o u p o n b o n d p r i c e s a n d y i e l d s to maturi ty . 
T h e b o x o n p a g e 12 c o n s i d e r s t h e b a s i c 
bui lding b l o c k s for t h e e x p e c t a t i o n s h y p o t h e -
sis and e x p l a i n s how arb i t rage forces equal i ty 
in t h e h o l d i n g - p e r i o d returns on b o n d s of dif-
f e r e n t m a t u r i t i e s . T h e a n a l y s i s s h o w n h a s 
b e e n c o n d u c t e d in a theoret ica l world of per -
fect certainty a b o u t future interes t rates. 

E x p e c t a t i o n s Hypothesis . O n c e t h e future 
b e c o m e s u n c e r t a i n , i n v e s t o r s f a c e i n t e r e s t -
rate risk. 2 This risk is i r re levant for investors 
w h o s e future cash n e e d s exact ly match the i r 
b o n d s ' maturity d a t e s . T h e b o n d s mature at 
par, and no capital gains or l o s s e s are poss i -
b l e . Such a c o i n c i d e n c e is t h e except ion rather 
than t h e rule, though. If investors n e e d cash 
s o o n e r , t h e y a r e n e c e s s a r i l y e x p o s e d t o t h e 
possibi l i ty of capital loss; that is, newly i s s u e d 
b o n d s for t h e s a m e maturity d a t e may b e a r 
higher yie lds , forcing exist ing b o n d ho lders to 
sel l at a d i s c o u n t to match t h e h igher y ie ld . 
Conversely , if the ir b o n d s mature s o o n e r than 
t h e t i m e of their cash n e e d , t h e investors risk 
reinvest ing at a lower yield in a new b o n d that 
m a t u r e s on t h e d e s i r e d d a t e . If t h e y h a d 
b o u g h t a longer - term b o n d at t h e outse t , no 
such risk would have b e e n incurred. 

In e c o n o m i c s t h e e x i s t e n c e of risk i m p l i e s 
that t h e o u t c o m e of a d e c i s i o n is not known 
p r e c i s e l y ; however , a range of p o s s i b l e out-
c o m e s is k n o w n , e a c h of w h i c h h a s s o m e 
c h a n c e — s o m e p r o b a b i l i t y — o f o c c u r r i n g . 
T h u s , i n v e s t o r s a r e a s s u m e d t o know t h e 
range of o u t c o m e s and, m o r e speci f ical ly , t h e 
p r o b a b i l i t y d i s t r i b u t i o n for t h e l i k e l i h o o d 
that any part icular o u t c o m e will occur. T h e s e 
and o t h e r stat is t ical c o n c e p t s are f u n d a m e n -
tal to t h e o r i e s of t h e t e r m structure b e c a u s e 
t h e y quanti fy investors ' e x p e c t a t i o n s . 

In t h e e x p e c t a t i o n s h y p o t h e s i s of t h e term 
s t r u c t u r e , r i sk h a s n o e f f e c t on i n v e s t o r s ' 

c h o i c e s . All that m a t t e r s is the i r e x p e c t a t i o n 
of future i n t e r e s t ra tes at all matur i t ies . H e r e 
t h e t e r m expectation is u s e d in its narrow s ta t i s -
t ical s e n s e t o m e a n a v e r a g e or m e a n v a l u e 
for a part icular future i n t e r e s t rate. T h e range 
of o u t c o m e s for an i n t e r e s t rate may b e q u i t e 
wide or q u i t e narrow, b u t that i s s u e is irrele-
v a n t t o i n v e s t o r s . I n v e s t o r s a r e s a i d t o b e 
"risk neutral . " 

T h e e x p e c t a t i o n s t h e o r y p o s i t s t h a t , re -
g a r d l e s s of t h e h o l d i n g p e r i o d c o n s i d e r e d , 
any p o s s i b l e c o m b i n a t i o n of b o n d s must offer 
t h e s a m e rate of return. This idea , i l lustrated 
in t h e box on p a g e 12 for o n e - and two-year 
b o n d s , works e x a c t l y t h e s a m e way for any 
o t h e r maturi ty c o m b i n a t i o n s . Any l o n g - t e r m 
b o n d yie ld is t h e a v e r a g e of t h e current short-
t e r m y i e l d a n d f u t u r e e x p e c t e d s h o r t - t e r m 
y i e l d s . T h e e s s e n t i a l a s s u m p t i o n is t h a t in-
v e s t o r s c a r e only a b o u t h o l d i n g - p e r i o d re -
t u r n s a n d c o n s i d e r a l l b o n d s o f d i f f e r e n t 
matur i t ies as p e r f e c t s u b s t i t u t e s . All i n t e r e s t 
r a t e s a l o n g t h e y i e l d c u r v e a r e t h e r e f o r e 
l inked b y arbi trage. 

L i q u i d i t y P r e m i u m H y p o t h e s i s . R a t h e r 
t h a n " r i sk n e u t r a l , " i n v e s t o r s m a y b e "r isk 
averse , " in which c a s e their a v e r a g e sensi t ivi -
ty t o b e a r i n g risk will b e r e f l e c t e d in b o n d 
pr ices . T h e usual p r e s u m p t i o n is that longer-
term b o n d s are riskier in t h e s e n s e that their 
p r i n c i p a l is m o r e e x p o s e d to i n t e r e s t - r a t e 
f luctuations o v e r t i m e . Specif ical ly , this e x p o -
sure m a k e s t h e m l e s s l iquid ( l ess readily con-
v e r t e d to cash by se l l ing t h e m ) b e c a u s e t h e y 
b e a r a g r e a t e r potent ia l for capital loss b e f o r e 
maturity. R i sk -averse i n v e s t o r s t h e r e f o r e are 
b e l i e v e d to require a " l iquidity p r e m i u m " to 
i n d u c e t h e m to hold longer- term b o n d s will-
ingly. T h e l iquidity p r e m i u m m a n i f e s t s i tself 
as an i n c r e a s e in t h e forward rate a b o v e t h e 
future s p o t rate, which results in a shifting of 
t h e y ie ld curve a b o v e t h e o n e p r e d i c t e d by 
t h e e x p e c t a t i o n s h y p o t h e s i s . Known a s t h e 
l iquidity p r e m i u m hypothes i s , this c o n c e p t is 
a r e f i n e m e n t of t h e e x p e c t a t i o n s h y p o t h e s i s . 
T h e liquidity p r e m i u m is a l ternat ively known 
as a risk premium, which will b e t h e term u s e d 
herea f ter . To dist inguish it, t h e e x p e c t a t i o n s 
h y p o t h e s i s is s o m e t i m e s ca l l ed t h e pure (or 
risk-neutral) e x p e c t a t i o n s h y p o t h e s i s . 

T h e liquidity premium hypothes i s is rather 
vague a b o u t what d e t e r m i n e s t h e risk premi-
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B a s i c T e r m i n o l o g y 

The bas ic financial instrument of interest is 
a zero-coupon b o n d that promises a fixed pay-
ment , which will b e a s s u m e d to b e $1, at a fu-
t u r e d a t e . 1 T h e b o n d m a k e s n o i n t e r i m 
payments , that is, it has no coupons . While ze-
ros—Treasury bil ls and zero-coupon Treasury 
b o n d s — t r a d e in t h e b o n d m a r k e t s , m a n y 
b o n d s m a k e p e r i o d i c c o u p o n p a y m e n t s . Be-
c a u s e any coupon b o n d can b e d e c o m p o s e d 
into a zero coupon b o n d by treat ing e a c h fu-
ture coupon p a y m e n t as well as t h e repayment 
of principal as a s e p a r a t e zero coupon, model -
ing in t e r m s of z e r o s is not unrea l i s t i c . 2 T h e 
m o d e l s t o b e c o n s i d e r e d a l s o a b s t r a c t from 
credit (or default) risk s o that t h e uncertainty 
s t e m s only from unknown future interest rates. 

A zero-coupon bond is al ternatively known 
as a d i s c o u n t b o n d b e c a u s e its pr ice is l e s s 
than its $1 face or par value. Its return is d e -
rived strictly from t h e appreciat ion in price at 
t h e t i m e of maturity. For the sake of simplicity, 
b o n d s are a s s u m e d to b e issued at yearly in-
tervals with maturi t ies in mul t ip les of a year, 
making the shortest maturity bond a o n e - y e a r 
bon d . T h e current d a t e will b e t ime 0. 

T h e b o n d pr i ce , B, is t h e p r i c e at t i m e t, 
when t h e b o n d is purchased , for principal re-
payment upon maturity at later d a t e T. The dif-
f e r e n c e b e t w e e n t and T is ca l led t h e b o n d ' s 

t i m e to matur i ty . C o n s i d e r a b o n d with o n e 
year to maturity (a o n e - y e a r b o n d ) i s s u e d to-
day at t i m e 0. T h e b o n d ' s y ie ld to maturity, 
R( 1 ), is d e t e r m i n e d from t h e following equat ion 
involving t h e b o n d ' s price: 

1/B(1) = 1 + /?( ! ) , or 
fi(l) = 1/|I + /? ( ! ) ! . 

T h e t i m e to maturity is e n c l o s e d in paren-
t h e s e s . If the t ime to maturity is o n e year and 
the yield /?( 1 ) is 8 percent , then B{ 1 ) is approxi-
mate ly 0.926. T h e term is e x p r e s s e d as a 
s i m p l e i n t e r e s t rate . Clearly, y ie ld a n d b o n d 
price are inversely re lated: as o n e g o e s up the 
o t h e r g o e s down. 3 

C o n s i d e r a t i o n of m u l t i p l e p e r i o d s e n t a i l s 
compounding of interest . T h e yield to maturity, 
R(n), of an « per iod zero-coupon bond is 

\/B(n) = | 1 + /?(«)]", or 
B{n) = !/|l +R{n) 

T h e term /?(«> is also e x p r e s s e d as a s imple 
annual interest rate. Plotting the yield to matu-
rity against t ime to maturity gives t h e so-cal led 
yield curve. T h e reasons for its s h a p e or struc-
ture are the s u b j e c t of the various h y p o t h e s e s 
d iscussed in t h e main text. 

N o t e s 
1 Of course, any par value can b e 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 
t h e $ l par value discount bond. 

2 See 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. 

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. 

um, o t h e r t h a n s u p p o s i n g t h a t s u c h a p r e m i u m 
is t h e i n v e s t o r ' s r e w a r d for b e a r i n g i n t e r e s t -
r a t e risk. T h e n e w m o d e l s i n c o r p o r a t i n g t h i s 
h y p o t h e s i s g i v e m o r e s t r u c t u r e t o t h e u n d e r l y -
ing d e t e r m i n a n t s o f t h e risk p r e m i u m . 

O n c e r i s k a v e r s i o n is a s s u m e d t o a f f e c t 
i n t e r e s t r a t e s , i n t e r p r e t a t i o n o f t h e t e r m 
s t r u c t u r e b e c o m e s p r o b l e m a t i c . W i t h o u t 
k n o w i n g t h e s i z e o f t h e r i sk p r e m i u m , t h e 
e x p e c t a t i o n s h y p o t h e s i s c a n n o t b e u s e d t o 

i n f e r f u t u r e s h o r t - t e r m i n t e r e s t r a t e s . A n y 
f o r w a r d r a t e n o w c o n s i s t s o f a r isk p r e m i u m 
a n d t h e e x p e c t e d s h o r t - t e r m i n t e r e s t r a t e . 
C o n s i d e r t h e s i m p l e e x a m p l e o f d e c i d i n g 
b e t w e e n a n i n v e s t m e n t in a s e q u e n c e o f 
c o n s e c u t i v e o n e - y e a r b o n d s o r a n i n v e s t -
m e n t in a t w o - y e a r b o n d , l i k e t h a t u s e d in 
t h e b o x o n p a g e 12. A s s u m e t h a t t h e o n e -
y e a r y i e l d is 5 p e r c e n t a n d t h e f u t u r e o n e -
y e a r y i e l d is k n o w n t o b e 7 p e r c e n t . If t h e 
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t r u e r i sk p r e m i u m w e r e k n o w n t o b e 0 . 5 
p e r c e n t (or 5 0 b a s i s p o i n t s ) , t h e t w o - y e a r 
y ie ld would b e : 

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

t h a t is, t h e a v e r a g e of t h e shor t ra te and t h e 
forward rate (which is t h e sum of t h e future 
s h o r t ra te a n d t h e risk p r e m i u m ) . T h e two-
y e a r y i e l d is 6 .25 p e r c e n t i n s t e a d of 6 p e r -
c e n t as in t h e r i s k - n e u t r a l c a s e ( w h e r e t h e 
risk p r e m i u m is zero) . If t h e risk p r e m i u m is 
unknown, all t h a t can b e i n f e r r e d from t h e 
c u r r e n t t e r m s t r u c t u r e ( o n e - a n d t w o - y e a r 
b o n d y ie lds ) is that t h e i m p l i e d forward rate 
is 7.5 p e r c e n t . M o r e informat ion is r e q u i r e d 
to d i s e n t a n g l e t h e risk p r e m i u m from t h e ex-
p e c t e d short rate . 

For a h y p o t h e t i c a l c o n t i n u u m of i n t e r e s t 
r a t e s a l o n g t h e y i e l d c u r v e , Chart 1 s h o w s 
t h e r e l a t i o n s h i p a m o n g y ie ld curve, e x p e c t -
e d s h o r t - t e r m i n t e r e s t r a t e s , a n d f o r w a r d 
r a t e s . If t h e t e r m s t r u c t u r e s l o p e s d o w n -
w a r d — t h a t is , s h o r t - t e r m b o n d y i e l d s a r e 
a b o v e l o n g - t e r m b o n d y i e l d s — o n e m a y 

s a f e l y in fer t h a t e x p e c t e d s h o r t - t e r m r a t e s 
a r e lower than t h e current rate , e v e n if t h e r e 
a r e risk p r e m i a in t h e forward rates . Howev-
er, upward-s lop ing y ie ld c u r v e s d o not imply 
t h a t e x p e c t e d s h o r t - t e r m r a t e s a r e r i s ing , 
s i n c e flat o r d e c l i n i n g e x p e c t e d s h o r t - t e r m 
ra tes may b e suff ic ient ly a u g m e n t e d by ris-
ing r isk p r e m i a t o p r o d u c e r i s i n g forward 
r a t e s . Chart 2 i l lus t ra tes th is p h e n o m e n o n . 3 

T h e s e i n t e r p r e t a t i o n s wil l b e d i s c u s s e d 
a g a i n in t h e r e v i e w of r e c e n t t h e o r e t i c a l 
m o d e l s of t h e t e r m s tructure . 

P r e f e r r e d H a b i t a t H y p o t h e s i s . A t h i r d 
t r a d i t i o n a l t h e o r y is t h e p r e f e r r e d h a b i t a t 
h y p o t h e s i s , which p o s i t s t h a t i n t e r e s t r a t e s 
a l o n g t h e y i e l d c u r v e r e s u l t f r o m m a r k e t 
f o r c e s in d i f f e r e n t matur i ty s e g m e n t s . Suffi-
c i e n t l y l a r g e r isk p r e m i a or d i s c r e p a n c i e s 
b e t w e e n inves tors ' a n d m a r k e t e x p e c t a t i o n s 
o f i n t e r e s t r a t e s m a y l u r e i n v e s t o r s a w a y 
from the i r p r e f e r r e d h a b i t a t . Thus , as Franco 
M o d i g l i a n i a n d R i c h a r d S u t c h ( 1 9 6 6 ) h a v e 
o b s e r v e d , "risk a v e r s i o n s h o u l d n o t l e a d in-
v e s t o r s t o p r e f e r to s tay s h o r t but , i n s t e a d , 
s h o u l d l ead t h e m to h e d g e by staying in the i r 

Chart 1. 
Liquidity Premium Theory 

Rate 
(Percent) 

Time to Maturity (years) 
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m a t u r i t y h a b i t a t , u n l e s s o t h e r m a t u r i t i e s 
( l o n g e r or s h o r t e r ) o f fe r an e x p e c t e d p r e m i -
um suf f i c ient t o c o m p e n s a t e for t h e risk a n d 
c o s t of m o v i n g o u t of o n e ' s h a b i t a t " (184 ) . 4 

L i f e i n s u r a n c e c o m p a n i e s ' a n d p e n s i o n 
f u n d s ' t y p i c a l p r e f e r e n c e for i n v e s t m e n t s in 
longer- term b o n d s e x e m p l i f i e s pre fer red habi -
t a t s , a s d o e s d e p o s i t o r y i n s t i t u t i o n s ' l i k e l y 
p e n c h a n t for shor t - term b o n d s . Life insurance 
c o m p a n i e s a n d p e n s i o n funds h a v e relat ively 
p r e d i c t a b l e l o n g - t e r m l i a b i l i t i e s , which t h e y 
match against i n v e s t m e n t s in long- term b o n d s 
and o t h e r long-term a s s e t s . Similarly, d e p o s i -
tory inst i tut ions t e n d t o fund relat ively short -
t e r m l o a n s with s h o r t - t e r m l i a b i l i t i e s . T h e i r 
b o n d h o l d i n g s , t h e r e f o r e , a l s o t e n d t o h a v e 
short - term maturi t ies . 

T h e s u p p l y a n d d e m a n d for b o n d s within 
e a c h h a b i t a t is a s s u m e d t o h a v e an i m p a c t 
on i n t e r e s t r a t e s ; b o n d s of d i f f e r e n t m a t u r i -
t i e s a r e n o t c o n s i d e r e d p e r f e c t s u b s t i t u t e s . 
In s h o r t , i n s t i t u t i o n a l c h a r a c t e r i s t i c s , n o t 
j u s t i n t e r e s t - r a t e e x p e c t a t i o n s , p l a y a r o l e 
in d e t e r m i n i n g t h e t e r m s t r u c t u r e . An e a r l i -
e r v e r s i o n o f t h i s t h e o r y , t h e m a r k e t s e g -

m e n t a t i o n h y p o t h e s i s , a s s u m e d a rigid s e g -
m e n t a t i o n o f m a r k e t s , which is now g e n e r a l -
ly r e g a r d e d a s i m p l a u s i b l e . T h e p r e f e r r e d 
h a b i t a t h y p o t h e s i s s y n t h e s i z e s t h e e x p e c t a -
t i o n s a n d m a r k e t s e g m e n t a t i o n h y p o t h e s e s . 

Innovations in Modeling the Term 
Structure 

In 1973 F i s c h e r B l a c k a n d M y r o n S c h o l e s 
p u b l i s h e d t h e i r p a t h b r e a k i n g a r t i c l e , " T h e 
Pricing of O p t i o n s a n d C o r p o r a t e L iab i l i t i e s , " 
which t r a n s f o r m e d n o t o n l y a c a d e m i c f inan-
cial r e s e a r c h b u t a l s o ac tua l f inancial p r a c t i c e . 
T h e i r c e l e b r a t e d formula a l l o w e d a c a d e m i c s 
a n d p r a c t i t i o n e r s a l i k e t o p r i c e all k i n d s o f 
c o n t i n g e n t c l a i m s . 5 T h e t h e o r y p r o v e d t o 
h a v e v e r y b r o a d a p p l i c a t i o n s . J o h n C. Cox , 
S t e p h e n A. Ross , a n d Mark R u b i n s t e i n (1979) 
h a v e n o t e d t h a t o p t i o n - p r i c i n g t h e o r y " a p -
p l i e s t o a v e r y g e n e r a l c l a s s o f e c o n o m i c 
p r o b l e m s — t h e v a l u a t i o n of c o n t r a c t s w h e r e 
t h e o u t c o m e t o e a c h p a r t y d e p e n d s o n a 

Chart 2 . 
Liquidity Premium Theory 
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(Percent) 
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q u a n t i f i a b l e u n c e r t a i n f u t u r e e v e n t " ( 2 3 0 ) . 

T e r m s t r u c t u r e m o d e l i n g is o n e a r e a o f f inan-

cial r e s e a r c h t h a t h a s b e n e f i t e d f rom t h e a d -

v e n t o f m o d e r n o p t i o n - p r i c i n g t h e o r y . A 

d e t a i l e d r e v i e w o f t w o g e n e r a l a p p r o a c h e s , 

u s i n g t w o s p e c i f i c m o d e l s , will d e v e l o p t h e 

c o n n e c t i o n b e t w e e n o p t i o n - p r i c i n g t h e o r y 

a n d t e r m - s t r u c t u r e m o d e l i n g . T h e t w o m o d e l s 

h i g h l i g h t t h e b a s i c d i r e c t i o n s o f r e c e n t r e -

s e a r c h . 

T h e H o a n d L e e M o d e l . P r o p o s e d b y 

T h o m a s S . Y . H o a n d S a n g - B i n L e e in 1 9 8 6 , 

t h e H o a n d L e e m o d e l is a u s e f u l s t a r t i n g 

p o i n t in t h e e x p o s i t i o n o f t e r m - s t r u c t u r e 

m o d e l s b e c a u s e it u s e s w h a t is c a l l e d a lat -

t i c e a p p r o a c h . T h e l a t t i c e a p p r o a c h t o o p t i o n 

p r i c i n g e x p l i c i t l y c o n v e y s w h a t is m e a n t b y a 

" q u a n t i f i a b l e u n c e r t a i n f u t u r e e v e n t . " T h e 

b a s i c p r o b l e m t o m o d e l is how t h e p r i c e o f a 

z e r o - c o u p o n b o n d c h a n g e s f rom t h e p r e s e n t 

t o i t s f u t u r e m a t u r i t y d a t e . O n l y a t t h e p r e s e n t 

m o m e n t a n d a t t h e f u t u r e m a t u r i t y d a t e is 

t h e b o n d p r i c e k n o w n with c e r t a i n t y . T h e H o 

a n d L e e m o d e l is o n e a t t e m p t t o q u a n t i f y t h e 

e v o l u t i o n of b o n d p r i c e s o v e r t i m e . As will b e 

i l l u s t r a t e d b e l o w , t h i s q u a n t i f i c a t i o n is e s s e n -

tial t o p r i c i n g c o n t i n g e n t c l a i m s o n b o n d s . 

Ho a n d L e e a b s t r a c t f rom t h e c o m p l e x i t i e s 

of a c t u a l b o n d p r i c e m o v e m e n t s b y a s s u m i n g 

(1) t h a t a b o n d p r i c e m o v e s o n l y a t f i x e d in-

t e r v a l s o v e r t i m e (for e x a m p l e , e v e r y d a y o r 

e v e r y m i n u t e ) a n d (2) t h a t t h e y m o v e e i t h e r 

u p o r d o w n w h e n t h e y c h a n g e . T h e u p o r 

d o w n p r i c e c h a n g e s h a v e an a s s o c i a t e d p r o b -

a b i l i t y o f o c c u r r i n g , of , s a y , 2 0 p e r c e n t a n d 8 0 

p e r c e n t , r e s p e c t i v e l y . T h u s , s t a r t i n g f r o m 

s o m e k n o w n p r i c e a t t h e c u r r e n t d a t e , f u t u r e 

p r i c e c h a n g e s a r e r e s t r i c t e d t o e v o l v e b y s u c -

c e s s i v e u p o r d o w n m o v e m e n t s , w h i c h t r a c e 

o u t a t r e e o r l a t t i c e p a t t e r n . 

C h a r t 3 i l l u s t r a t e s t h e b r a n c h i n g p r o c e s s 

t h a t b e g i n s w i t h t h e i n i t i a l d i s c o u n t b o n d 

p r i c e . T h e ini t ia l b o n d in t h e e x a m p l e h a s fif-

t e e n m o n t h s ( f ive q u a r t e r s ) t o g o b e f o r e m a -

t u r i t y , w h e n it w i l l p a y $ 1 . T h e y i e l d t o 

m a t u r i t y is a s s u m e d t o b e 9 p e r c e n t , a n d t h e 

c u r r e n t p r i c e is $ 0 , 8 9 4 . T h e a n n u a l i z e d y i e l d 

t o m a t u r i t y a p p e a r s in p a r e n t h e s e s . S u c c e s -

Chart 3. 
Evolution of Bond Prices in the Ho and Lee Model 

(yields in parentheses) 

.983 (7.0%) 

.963 (7.5%) 

.942 (8.0%) 

.919 (8.5%) 

.894 (9.0% 

.979 (8.6%) 

.956 (9.1%) 

.931 (9.6%) 

.904 (10.1%). 

.982 (7.4%) 

.961 (7.9%) 

.939 (8.4%) 

.915 (8.9%) 

B 

.975 (10.2%) 

. 948 (10 .7%) 
' . 9 1 9 ( 1 1 . 2 % ) 

.978 (9.0%) 

.954 (9.5%) 

.928 (10.0%) 

.981 (7.8%) 

.959 (8.3%) 

.936 (8.8%) 

.971 (11.8%) 

.940(12 .3%) 

.974 (10.6%) 

.945(11 .1%) 

.977 (9.4%) 

.952 (9.9%) 

.980 (8.2%) 

.957 (8.7%) 

. 967 (13 .4%) 

.970(12 .2%)-

.973 (11.0%) 

.976 (9.8%) 

.979 (8.6%) 

3 2 

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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s i v e l y s h o r t e r - t e r m b o n d p r i c e s a n d y i e l d s 
a p p e a r a b o v e t h e 9 p e r c e n t , f i f t e e n - m o n t h 
b o n d . T h u s , t h e e n t i r e t e r m s t r u c t u r e is g iven 
in t h e far l e f t - h a n d c o l u m n (f ive q u a r t e r s t o 
maturi ty) , s tar t ing a t t h e t o p of t h e list with a 
7 p e r c e n t , t h r e e - m o n t h b o n d t h a t m a t u r e s 
(and d i s a p p e a r s ) in t h e n e x t c o l u m n a n d e x -
t e n d i n g t o t h e l o n g e s t matur i ty b o n d , t h e 9 
p e r c e n t b o n d at t h e b o t t o m of t h e list. T h e il-
l u s t r a t i o n is t h e r e f o r e g i v e n for an u p w a r d -
s l o p i n g t e r m s t ruc ture . 

T h e t r e e fans out from t h e initial p r i c e a s 
up a n d down p o s s i b i l i t i e s p r o l i f e r a t e a t e a c h 
future p o i n t in t i m e . E a c h p a t h t h r o u g h t h e 
b r a n c h e s t o any par t i cu lar v e r t e x or n o d e in 
t h e t r e e d i a g r a m r e p r e s e n t s a par t i cu lar suc-
c e s s i o n of u p a n d d o w n p r i c e m o v e m e n t s . 
T h e s e m o v e m e n t s c o r r e s p o n d t o t h e rea l iza-
t i o n s of par t i cu lar " s t a t e s , " which a r e t h e p o s -
s i b l e r a n d o m o u t c o m e s s c h e m a t i c a l l y 
d e p i c t e d in t h e t r e e d i a g r a m . After o n e per i -
o d e l a p s e s f rom t h e init ial d a t e , two s t a t e s 
a r e p o s s i b l e ; a f t e r two p e r i o d s , t h r e e s t a t e s ; 
a n d s o f o r t h . In o t h e r w o r d s , t i m e is m e a -
s u r e d hor izonta l ly , a l t h o u g h s t a t e s a r e indi -
c a t e d ver t ica l ly in t h e t r e e d i a g r a m . T h e t r e e 
t h e r e f o r e d e p i c t s t h e v a l u e of a p a r t i c u l a r 
b o n d in all s t a t e s a s it a p p r o a c h e s maturi ty . 
In t h i s e x a m p l e , t h e b o n d in i t ia l ly h a s f ive 
p e r i o d s t o m a t u r e , t h e n four, t h e n t h r e e , a n d 
s o for th . T h e final b r a n c h e s in t h e d i a g r a m 
e n d with $1 in all s t a t e s , s i n c e t h e b o n d ' s 
v a l u e at matur i ty is known with c e r t a i n t y . T h e 
b r a n c h e s l i n k t h e p a t h o f t h e i n i t i a l f i v e -
q u a r t e r b o n d a s it a p p r o a c h e s matur i ty . T h e 
s h o r t e r - t e r m b o n d s c o u l d a l s o b e j o i n e d in 
th is fash ion t o s h o w t h e i r p r o g r e s s i o n . 

T h e e s s e n t i a l i d e a b e h i n d t h e e v o l u t i o n of 
t h e b o n d p r i c e t r e e is t h a t t h e forward r a t e s 
i m p l i e d b y t h e in i t ia l t e r m s t r u c t u r e w o u l d 
ac tual ly b e t h e future s h o r t - t e r m r a t e s t o p r e -
vail in t h e a b s e n c e of d i s t u r b a n c e s or s h o c k s 
c a u s i n g c h a n g e s in i n t e r e s t r a t e s . In t h e Ho 
a n d L e e m o d e l , b o n d p r i c e s t h r o u g h o u t t h e 
t r e e r e s u l t f rom p e r t u r b a t i o n s of t h e ini t ia l 
i m p l i e d forward r a t e s . Any s t a t e p r i c e a t a 
g iven t i m e r e p r e s e n t s t h e initial i m p l i e d for-
ward r a t e a l t e r e d b y an a c c u m u l a t i o n of u p 
a n d down s h o c k s , resul t ing in a par t i cu lar p o -
si t ion in t h e t r e e d i a g r a m . M o r e o v e r , t h e s ize 
of t h e p r i c e c h a n g e s , g o v e r n e d b y t h e per tur -
b a t i o n f u n c t i o n , is r e s t r i c t e d in s u c h a way 

that n o a r b i t r a g e prof i ts can b e r e a l i z e d ; t h a t 
is, t h e in ternal c o n s i s t e n c y of t h e m o d e l re-
q u i r e s t h a t no arbi trary por t fo l io of d i s c o u n t 
b o n d s of d i f f e r e n t m a t u r i t i e s can b e f o r m e d 
that e a r n s m o r e than t h e r i sk- f ree ra te w h e n 
t h e por t fo l io is p e r f e c t l y h e d g e d (risk f ree ) . 

T o s e e how p r i c e s a r e r e l a t e d in t h e t r e e 
d i a g r a m , c o n s i d e r a n y t w o a d j a c e n t s t a t e 
p r i c e s . T h e n o d e m a r k e d "A" in Chart 3 is d e -
r ived a s t h e d i s c o u n t e d v a l u e of t h e two c e r -
tain $1 payof f s a t t h e matur i ty d a t e , e a c h of 
which h a s an e q u a l c h a n c e of occurr ing in th is 
e x a m p l e ( that is, t h e p r o b a b i l i t y is 0 .5) . T h e 
d i s c o u n t f a c t o r of 0 . 9 6 7 a t n o d e A is in fac t 
t h e pr i ce of a o n e - p e r i o d d i s c o u n t b o n d . T h i s 
d i s c o u n t fac tor was c o m p u t e d us ing Ho a n d 
L e e ' s f o r m u l a for t h e p e r t u r b a t i o n f u n c t i o n 
e v a l u a t e d at t h i s p a r t i c u l a r n o d e . 6 All s t a t e 
p r i c e s for t i m e 1 a r e o n e - p e r i o d p r i c e s . For 
all e a r l i e r p e r i o d s t h e b o n d p r i c e s a r e c o m -
p u t e d u s i n g t h e s a m e r e c u r s i v e p r o c e d u r e . 
At n o d e B t h e p r i c e is again t h e w e i g h t e d av-
e r a g e o f t w o f u t u r e b o n d p r i c e s t i m e s t h e 
o n e - p e r i o d b o n d pr ice : 

(0.5 X 0 . 9 4 0 + 0 .5 x 0 .945 ) x 0 . 9 7 5 = 0 . 9 1 9 . 

T h i s c a l c u l a t i o n r e p r e s e n t s a d i s c o u n t e d 
e x p e c t e d v a l u e s i n c e at n o d e B t h e r e a r e two 
p o s s i b l e f u t u r e o u t c o m e s . E i t h e r t h e b o n d 
p r i c e r i s e s t o 0 . 9 4 5 or fal ls to 0 . 9 4 0 . T h e a v e r -
a g e of t h e s e is d i s c o u n t e d to t i m e 3 using t h e 
o n e - p e r i o d b o n d p r i c e for t i m e 3. Again, t h e 
d i s c o u n t fac tor is t h e o n e - p e r i o d b o n d pr ice , 
0 .975 , d e t e r m i n e d o n e p e r i o d e a r l i e r (at t h e 
t o p of t h e b o n d pr ice list for n o d e B). In s u m -
mary, t h e t r e e diagram r e p r e s e n t s an e x p e c t -
e d v a l u e c a l c u l a t i o n , f o r w h i c h t h e k n o w n 
initial b o n d pr ice of 0 .894 is t h e final o u t c o m e . 

At f irst g l a n c e t h e t r e e d i a g r a m m a y n o t 
s e e m very useful s i n c e t h e final c o m p u t a t i o n 
is a b o n d p r i c e that was a l r e a d y known at t h e 
o u t s e t . H o w e v e r , t h e i m p o r t a n t a s p e c t of th is 
e x e r c i s e is t h a t t h e v a r i o u s p r i c e p a t h s (pos -
s i b l e b r a n c h i n g p a t t e r n s ) a r e fully d e s c r i b e d 
in t h e t r e e . T h i s q u a n t i f i c a t i o n of a b o n d ' s fu-
t u r e s t a t e p r i c e s is e s s e n t i a l for c o n t i n g e n t 
c l a i m s pricing. 

A c h a r a c t e r i s t i c of th is t y p e of la t t i ce m o d e l 
is tha t t h e o r d e r of up a n d down m o v e m e n t s 
d o e s n o t m a t t e r ; i n s t e a d , t h e c u m u l a t i v e 
n u m b e r of up (or down) m o v e s from t h e initial 
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n o d e d e t e r m i n e s t h e p r i c e a t a n y f u t u r e 
t i m e - s t a t e n o d e . I n s p e c t i o n o f t h e t r e e re -
v e a l s t h a t , f rom any i n t e r i o r n o d e , m o v i n g 
rightward first up and then down is ident ica l 
t o m o v i n g d o w n , t h e n up. T h i s r e s t r i c t i o n 
p lays an i m p o r t a n t ro le in valuing b o n d s in 
t h i s m o d e l . Also, t h e initial u p w a r d - s l o p i n g 
term structure re ta ins its s l o p e r e g a r d l e s s of 
i ts locat ion in future p e r i o d s , b u t t h e l e v e l s 
c h a n g e . In fact, all i n t e r e s t - r a t e m o v e m e n t s 
a r e p e r f e c t l y c o r r e l a t e d in t h e Ho a n d L e e 
m o d e l . M o r e c o m p l e x m o d e l s t h a t will b e 
c o n s i d e r e d b e l o w avoid th is unrea l i s t i c fea-
ture . 

A n o t h e r d r a w b a c k of t h e m o d e l is t h e fact 
that , d e p e n d i n g on t h e m o d e l ' s p a r a m e t e r 
v a l u e s , s o m e b o n d p r i c e s may e x c e e d f a c e 
v a l u e b e f o r e maturi ty . This o u t c o m e a long a 
p r i c e path i m p l i e s t h a t t h e b o n d ' s i n t e r e s t 
ra te is n e g a t i v e . P e t e r R i t chken a n d K i e k i e 
B o e n a w a n ( 1 9 9 0 ) p r o v e t h a t such an occur -
r e n c e r e p r e s e n t s an i n t e r n a l i n c o n s i s t e n c y 
of t h e m o d e l a n d s h o w h o w to m o d i f y t h e 
m o d e l t o p r e c l u d e n e g a t i v e i n t e r e s t r a t e s . 

C h a r t s 3 a n d 4 w e r e p r o d u c e d u s i n g t h e 
R i t c h k e n - B o e n a w a n m o d i f i c a t i o n . 

D e s p i t e i ts l i m i t a t i o n s , t h e Ho a n d L e e 
m o d e l has t h e virtue of c learly a n d s imply il-
lustrat ing how t h e c u r r e n t t e r m s t r u c t u r e is 
d e r i v e d as t h e d i s c o u n t e d e x p e c t a t i o n of t h e 
future b o n d payoffs . M o r e r e c e n t m o d e l s of 
t h i s t y p e rec t i fy s o m e of t h e s e l i m i t a t i o n s 
and c o n s e q u e n t l y a r e transforming this m o d -
el ing a p p r o a c h into a m o r e useful tool for ap-
p l i ca t ions as well as theory . 

A Shift in Risk Aversion. T h e term-structure 
m o v e m e n t s d e p i c t e d in Chart 3 are a s s u m e d 
to b e g e n e r a t e d in a world in which inves tors 
d o not n e e d to b e c o m p e n s a t e d for b e a r i n g 
i n t e r e s t - r a t e risk. If i n v e s t o r s ' p r e f e r e n c e s 
sh i f ted to b e c o m e risk a v e r s e with r e s p e c t to 
in te res t - ra te risk, what e f fec t would that have 
on t h e evolut ion of b o n d p r i c e s ? In g e n e r a l , 
t h e e x p e c t e d rate of return for an a s s e t would 
h a v e to i n c r e a s e for t h e inves tor t o c o n t i n u e 
h o l d i n g t h a t a s s e t wil l ingly. For i l lus t ra t ive 
p u r p o s e s , t h e p r o b a b i l i t y of an upward m o v e 
was a s s u m e d to b e t h e s a m e as t h e p r o b a b i l -

Chart 4. 
Ho and Lee Model Shift in Risk Aversion Bond Prices 

(yields in parentheses) 

.983 (7.0%) 

.963 (7.5%) 

.942 (8.0%) 

.919(8.5%) 

.894 (9.0%) 

.978 (8.7%) 

.955 (9.2%) 

.930 (9.7%) 

.903 (10.2% 

.981 (7.5% 

.961 (8.0% 

.938 (8.5% 

.914 (9.0%) 

.974 (10.4%) 
947(10.9%) 
.918 (11.4%) 

977 (9.2%) 
952 (9.7%) 
926 (10.2%) 

.980 (8.0%) 

.958 (8.5%) 

.934 (9.0%) 

.971 (12.2%) 

.939 (12,3% 

.973 (11.5%) 

.944 (11.5%; 

.976 (9.8%) 

.950 (10.3%) 

.979 (8.6% 

.956 (9.1% 

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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i ty o f a d o w n w a r d m o v e in C h a r t 3 . T h e in-
c r e a s e in risk a v e r s i o n is q u a n t i f i e d a s a n in-
c r e a s e in t h e p r o b a b i l i t y o f a n u p w a r d m o v e 
from 5 0 p e r c e n t t o 6 0 p e r c e n t . T h e s e p r o b a -
b i l i t i e s a r e a r b i t r a r i l y c h o s e n t o s h o w t h e 
c h a n g e in t h e e v o l u t i o n o f b o n d p r i c e s . Any 
i n c r e a s e in t h e u p - m o v e p r o b a b i l i t y w o u l d 
a c c o m p l i s h t h e s a m e e n d . 7 

T h e H o a n d L e e m o d e l t a k e s t h e i n i t i a l 
t e r m s t r u c t u r e a s g i v e n in t h e c o u r s e of v a l u i n g 
f u t u r e b o n d p r i c e s a n d c o n t i n g e n t c l a i m s . 
C o n s e q u e n t l y , a shi f t in p r e f e r e n c e s is c o n s i d -
e r e d t o o c c u r a f t e r t h e ini t ia l p e r i o d . C h a r t 4 
g i v e s t h e n e w t r e e d i a g r a m , s t a r t i n g with t h e 
s a m e ini t ia l t e r m s t r u c t u r e a s C h a r t 3 a n d a l s o 
e n d i n g with b o n d p r i c e s e q u a l t o p a r u p o n 
m a t u r i t y in p e r i o d 5 . H o w e v e r , t h e r a t e o f 
p r i c e a p p r e c i a t i o n in C h a r t 4 is a l w a y s g r e a t e r 
( o r b o n d p r i c e s a r e e v e r y w h e r e l o w e r ) , r e -
g a r d l e s s o f t h e p a t h t a k e n t h r o u g h t h e t r e e 
d i a g r a m . T h e t e r m i n a l p a y o f f o f $1 i s t h e 
s a m e in b o t h d i a g r a m s . T h e d o w n w a r d sh i f t 
in p r i c e s a c r o s s al l s t a t e s a n d t i m e s o c c u r s 
b e c a u s e t h e d i s c o u n t r a t e s h a v e i n c r e a s e d 
b e c a u s e o f t h e r i s e in risk a v e r s i o n . In o t h e r 
w o r d s , i n t e r e s t r a t e s a r e a l w a y s g r e a t e r in 
Char t 4 , w h i c h r e f l e c t s t h e risk p r e m i u m n o w 
i n c l u d e d in r a t e s . 

T h e C o x - I n g e r s o I I - R o s s M o d e l T h e C o x -
I n g e r s o l l - R o s s m o d e l t a k e s a n a p p r o a c h t o 
v a l u i n g f i x e d - i n c o m e s e c u r i t i e s a n d t h e i r c o n -
t i n g e n t c l a i m s t h a t is f u n d a m e n t a l l y d i f f e r e n t 
f r o m H o a n d L e e ' s . T h e b a s i c d i f f e r e n c e is 
t h a t t h e f o r m e r is a g e n e r a l e q u i l i b r i u m m o d -
el , w h e r e a s t h e l a t t e r is a p a r t i a l e q u i l i b r i u m 
m o d e l . E s s e n t i a l l y , t h e C o x - I n g e r s o I I - R o s s 
a p p r o a c h h a s a d e e p e r t h e o r e t i c a l f o u n d a -
t i o n a n d h e n c e m o r e a m b i t i o u s g o a l s in 
t e r m s o f e c o n o m i c m o d e l i n g . T h e p r a c t i c a l 
d i s t i n c t i o n is n o t a s s h a r p a t t h e l e v e l o f us -
ing t h e s e m o d e l s t o v a l u e b o n d o p t i o n s . 

T h e H o a n d L e e m o d e l is a par t ia l e q u i l i b -
r ium m o d e l in t h e s e n s e t h a t t h e ini t ia l t e r m 
s t r u c t u r e a n d t h e p r o c e s s g e n e r a t i n g s h i f t s in 
t h a t s t r u c t u r e a r e a s s u m e d t o b e g i v e n o u t -
s i d e o f t h e m o d e l — t h a t is , t h e y a r e d e t e r -
m i n e d exogenously. On t h e o t h e r h a n d , a s will 
b e d i s c u s s e d b e l o w , t h e C o x - I n g e r s o l l - R o s s 
m o d e l t a k e s i n v e s t o r p r e f e r e n c e s a n d u n f o r e -
c a s t a b l e s h o c k s t o p h y s i c a l i n v e s t m e n t o p -
p o r t u n i t i e s a s g i v e n . T h a t i s , t e r m - s t r u c t u r e 
m o v e m e n t s t h e m s e l v e s a r e e x p l a i n e d wi th in 
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t h e c o n t e x t o f t h e m o d e l ; t h e y a r e e x p l a i n e d 
endogenously. T h e i m p o r t a n c e o f t h i s g e n e r a l 
e q u i l i b r i u m f o r m u l a t i o n will b e c o m e a p p a r -
e n t a f t e r s o m e p r e l i m i n a r y d i s c u s s i o n . 

T h e C o x - l n g e r s o l l - R o s s m o d e l c a n b e 
s t r i p p e d o f i t s u n d e r l y i n g g e n e r a l e q u i l i b r i -
u m s t r u c t u r e , r e n d e r i n g it a p a r t i a l e q u i l i b r i -
u m m o d e l . T h i s s i m p l i f i c a t i o n i s a u s e f u l 
s t a r t i n g p o i n t for u n d e r s t a n d i n g t h i s t y p e o f 
m o d e l . In f a c t , a n u m b e r o f s i m i l a r m o d e l s 
o r i g i n a t e d a t a b o u t t h e s a m e t i m e a s t h e C o x -
l n g e r s o l l - R o s s m o d e l , b u t t h e s e w e r e c o n -
c e i v e d a s par t ia l e q u i l i b r i u m m o d e l s . 8 

A n o t h e r d i f f e r e n c e b e t w e e n t h e C o x -
l n g e r s o l l - R o s s a n d H o a n d L e e m o d e l s i s 
t h a t t h e f o r m e r u s e s c o n t i n u o u s - t i m e 
m a t h e m a t i c s , w h i c h d e m a n d s c o n s i d e r a b l y 
g r e a t e r t e c h n i c a l s o p h i s t i c a t i o n t h a n d o e s 
t h e d i s c r e t e - t i m e m a t h e m a t i c s of t h e H o a n d 
L e e m o d e l . T h e u s e of c o n t i n u o u s - t i m e m a t h e -
m a t i c s r e q u i r e s a s s u m p t i o n s t h a t al l b o n d s 
a n d o t h e r f inancia l i n s t r u m e n t s t r a d e a t e v e r y 
m o m e n t in t i m e — t h a t is, c o n t i n u o u s l y — a n d , 
f u r t h e r m o r e , t h a t b o n d s m a t u r e a t e v e r y m o -
m e n t in t i m e . W h i l e h i g h l y art i f ic ia l , t h i s k ind 
o f m o d e l a l l o w s t h e t o o l s o f c o n t i n u o u s - t i m e 
m a t h e m a t i c s t o d e l i v e r p r i c i n g f o r m u l a s f o r 
b o n d s a n d o t h e r f i n a n c i a l i n s t r u m e n t s . In 
f a c t , t h e o r i g i n a l B l a c k - S c h o l e s f o r m u l a w a s 
d e r i v e d u s i n g c o n t i n u o u s - t i m e m a t h e m a t i c s . 9 

T h e s i m p l e s t v e r s i o n of t h e C o x - l n g e r s o l l -
R o s s m o d e l a s s u m e s t h a t t h e t e r m s t r u c t u r e 
c a n b e e x p r e s s e d a s a f u n c t i o n of o n e var i -
a b l e , t h e i n s t a n t a n e o u s r i s k - f r e e r a t e o r s p o t 
i n t e r e s t r a t e , t h a t i s , t h e i n t e r e s t r a t e o n a 
b o n d t h a t m a t u r e s a t t h e n e x t " i n s t a n t " in 
t i m e . T h e c o n t i n u u m o f b o n d p r i c e s a l o n g t h e 
t e r m s t r u c t u r e is e x p r e s s e d s o l e l y a s a f u n c -
t i o n o f t h e s p o t r a t e a n d t i m e (or, e q u i v a l e n t -
ly, t i m e t o m a t u r i t y ) . All s h o c k s t o t h e t e r m 
s t r u c t u r e t h e r e f o r e e m a n a t e f rom t h e s p o t in-
t e r e s t r a t e , w h i c h in f a c t is a p r o x y v a r i a b l e 
for t h e f u n d a m e n t a l u n c e r t a i n t y in t h e e c o n o -
m y . T o g i v e m o r e c o n t e n t t o t h i s f o r m u l a t i o n 
r e q u i r e s a p p e n d i n g t h e full g e n e r a l e q u i l i b r i -
um s t r u c t u r e o f t h e e c o n o m y t o t h e m o d e l . In 
c o n t r a s t , t h e p a r t i a l e q u i l i b r i u m m o d e l s i m -
p l y p o s i t s t h e i n s t a n t a n e o u s r a t e a s t h e 
s o u r c e o f r a n d o m f l u c t u a t i o n s in t h e t e r m 
s t r u c t u r e . T h e s p o t i n t e r e s t r a t e is r e f e r r e d t o 
a s a " s t a t e v a r i a b l e , " a v a r i a b l e t h a t s u m m a -
r i z e s i n f o r m a t i o n a b o u t u n c e r t a i n t y in t h e 
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The Term Structure under Certainty 

T h e q u e s t i o n t o b e a n s w e r e d is, h o w is t h e 
y i e l d on a o n e - y e a r b o n d ( t h e " s h o r t " ra te ) re-
l a t e d t o t h e y i e l d o n a t w o - y e a r b o n d ( t h e 
" l o n g " r a t e ) ? A l t e r n a t i v e l y p h r a s e d , for a two-
y e a r i n v e s t m e n t hor izon, what g o v e r n s t h e d e -
c i s ion to s e l e c t a s e q u e n c e o f two c o n s e c u t i v e 
o n e - y e a r b o n d s o r o n e t w o - y e a r b o n d ? O f 
c o u r s e , t h e a n s w e r is t h a t o n e c h o o s e s t h e al-
t e r n a t i v e that of fers t h e h i g h e s t y ie ld , b u t t h i s 
r e s p o n s e m u s t i n c l u d e an i m p o r t a n t qual i f i ca -
t i o n . T h e c h o i c e h i n g e s o n w h a t t h e i n v e s t o r 
e x p e c t s t h e y i e l d will b e on t h e o n e - y e a r b o n d 
t o b e i s s u e d o n e y e a r h e n c e . G i v e n t h a t e x p e c -
t a t i o n , t h e i n v e s t o r w o u l d c h o o s e t h e h i g h e r -
y i e l d i n g a l t e r n a t i v e . H o w e v e r , if t h e r e w e r e 
u n c e r t a i n t y a b o u t t h e f u t u r e o n e - y e a r y i e l d , 
t h e i n v e s t o r m i g h t c h o o s e t h e cer ta in y i e l d on 
t h e t w o - y e a r b o n d i n s t e a d . For now w e a s s u m e 
t h a t i n v e s t o r s h o l d t h e i r e x p e c t a t i o n s with cer -
t a i n t y . C e r t a i n t y m e a n s t h a t t h e e x p e c t a t i o n 
will ac tua l ly b e r e a l i z e d in t h e future. 

I n v e s t o r s o b v i o u s l y h a v e s t rong i n c e n t i v e t o 
s e e k o u t t h e h i g h e s t return o n i n v e s t m e n t s o f a 
g i v e n r i s k i n e s s . 1 T h i s b e h a v i o r i n f l u e n c e s t h e 
t e r m s t r u c t u r e b y b i d d i n g b o n d p r i c e s , a n d 
t h e r e f o r e y i e l d s , t o a l e v e l t h a t r e f l e c t s t h e 
m a r k e t s e n t i m e n t a b o u t f u t u r e i n t e r e s t r a t e s . 
F o r e x a m p l e , s u p p o s e t h a t an i n v e s t o r o b -
s e r v e s t h e o n e - y e a r b o n d t o b e current ly y ie ld -
ing 5 p e r c e n t a n d t h e t w o - y e a r b o n d , 6 p e r c e n t 
a n n u a l l y a n d t h a t t h e i n v e s t o r b e l i e v e s that t h e 
f u t u r e o n e - y e a r y i e l d wil l b e 8 p e r c e n t . T o 
m a k e a n i n v e s t m e n t d e c i s i o n , t h e i n v e s t o r 
m u s t d e t e r m i n e w h a t t h e f u t u r e s h o r t r a t e is 
i m p l i e d b y m a r k e t i n t e r e s t r a t e s . F o r t h e in-
v e s t o r t o b e i n d i f f e r e n t a b o u t t h e i n v e s t m e n t 
a l t e r n a t i v e s o v e r t h e t w o - y e a r hor izon, t h e to ta l 
h o l d i n g - p e r i o d r a t e s o f return m u s t b e e q u a l , 
t h a t is, 

2 x 6% = 5% + future s h o r t rate ; 
fu ture s h o r t ra te = 7%. 2 

In o t h e r w o r d s , t h e f ixed a n n u a l y i e l d on t h e 
t w o - y e a r b o n d s u m m e d o v e r t w o y e a r s m u s t 
e q u a l t h e s u m of t h e s h o r t r a t e a n d t h e e x p e c t -
e d fu ture s h o r t ra te . Al though t h e fu ture s h o r t 
r a t e is n o t d i r e c t l y o b s e r v e d , it is i m p l i e d b y 
t h e o n e - y e a r a n d t w o - y e a r b o n d r a t e s a n d is 
usual ly r e f e r r e d to a s t h e i m p l i e d forward ra te . 
In t h i s e x a m p l e a s s u m i n g c e r t a i n t y a b o u t e x -
p e c t a t i o n s , t h e forward ra te is t h e s a m e a s t h e 
e x p e c t e d future s h o r t ra te . 

G i v e n his o r h e r e x p e c t a t i o n t h a t t h e future 
s h o r t ra te is 8 p e r c e n t , t h e i n v e s t o r would rat io-
nal ly c h o o s e t o b u y t h e c u r r e n t o n e - y e a r b o n d 
a n d roll o v e r t h a t i n v e s t m e n t i n t o t h e f u t u r e 
o n e - y e a r b o n d . T h i s s e q u e n c e o f b o n d s w o u l d 
b e e q u i v a l e n t t o a t w o - y e a r b o n d current ly of-
f e r i n g a b o u t 6 .5 p e r c e n t , a s c o m p a r e d with t h e 
a c t u a l y i e l d of 6 p e r c e n t . T h e r e a s o n t h a t t h e 
t w o - y e a r b o n d is c u r r e n t l y m i s p r i c e d a t 6 p e r -
c e n t c o u l d b e , for e x a m p l e , t h a t i n v e s t o r s r e -
c e i v e d n e w s l e a d i n g t h e m t o e x p e c t h i g h e r 
in f la t ion a y e a r f rom now (ra is ing t h e i r e x p e c t -
e d s h o r t r a t e ) . T h e i r i n v e s t m e n t c h o i c e b i d s 
d o w n t h e p r i c e o f t h e t w o - y e a r b o n d a n d 
h e n c e b i d s u p i ts y i e l d . O n c e t h a t y i e l d r e a c h -
e s 6 . 5 p e r c e n t , t h e b o n d m a r k e t is b a c k in 
e q u i l i b r i u m — i n v e s t o r s a r e a g a i n i n d i f f e r e n t 
a b o u t t h e i n v e s t m e n t a l t e r n a t i v e s . On t h e o t h -
e r h a n d , if t h e e x p e c t a t i o n w e r e , s a y , for a 5 
p e r c e n t f u t u r e o n e - y e a r b o n d y i e l d , i n v e s t o r s 
w o u l d c h o o s e t h e t w o - y e a r b o n d a n d c o n s e -
q u e n t l y b i d d o w n its y i e l d . 

In t h i s e x a m p l e , i n v e s t o r s a r e s a i d t o h a v e 
e x p l o i t e d a n a r b i t r a g e o p p o r t u n i t y . T h e y 
h a v e p r o f i t e d f rom t h e t e m p o r a r i l y m i s p r i c e d 
t w o - y e a r b o n d w i t h o u t t a k i n g a n y r i s k . 3 Ad-
m i t t e d l y , t h i s e x a m p l e is h i g h l y ar t i f i c ia l b e -
c a u s e e x p e c t a t i o n s a r e h e l d with c e r t a i n t y ; 
h e n c e , t h e r e is b y d e f i n i t i o n n o risk. H o w e v -
e r , t h i s k i n d o f a n a l y s i s c a r r i e s o v e r i n t o a 
m o r e r e a l i s t i c w o r l d c h a r a c t e r i z e d b y u n c e r -
t a i n t y . 

Notes 
1 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-
t ies. Since the discussion app l ies to defaul t - f ree 
bonds—namely, Treasury securi t ies—ignoring the 
issuer does not detract from the analysis. 

2Al lowing for compounding of interest, the calcula-
t ion is as follows: (1.06)2 = (1.05)(I + future short 
rate). The fu ture short rate is there fore approx i -

mately 7.0095 percent. Thus, the ar i thmet ic 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 
entai l buy ing the higher-yielding investment alter-
native by sel l ing the lower-yielding one; that is, ar-
b i t rage pro f i ts wou ld be ea rned wi th a zero net 
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i n ves tmen t . Prof i ts are ensu red s ince t h e y i e l d s 
must eventua l ly equ i l ib ra te . 

This version of the example assumes that bor-
rowing and l e n d i n g rates are e q u a l and that the 
p r o c e e d s f rom s e l l i n g t h e l o w e r - y i e l d i n g b o n d 

"short" are immed ia te l y and ful ly avai lable to buy 
the h igher -y ie ld ing bond. In general, arbi t rage con-
no tes risklessly p ro f i t i ng f rom b u y i n g a g o o d at a 
lower pr ice and se l l ing it at a h igher pr ice in the 
same or another market. 

e c o n o m y . More c o m p l e x m o d e l s can b e con-
s t r u c t e d by i n c l u d i n g m o r e s t a t e v a r i a b l e s , 
e a c h of which c o n v e y i n d e p e n d e n t b i t s of in-
formation a b o u t s h o c k s to t h e t e r m structure . 
A ful ler in te rpre ta t ion of s t a t e v a r i a b l e s will 
b e p o s s i b l e o n c e g e n e r a l e q u i l i b r i u m m o d -
e l s are c o n s i d e r e d . 

T h e Cox- lngerso l l -Ross m o d e l restr ic ts t h e 
b e h a v i o r of t h e s p o t rate by s u p p o s i n g that , 
although r a n d o m in its m o v e m e n t s from o n e 
i n s t a n t in t i m e t o a n o t h e r , t h e s p o t r a t e 
t e n d s t o " r e v e r t " t o a l o n g - t e r m l e v e l a n d 
n e v e r b e c o m e s negat ive . It is p r e v e n t e d from 
b e c o m i n g n e g a t i v e b e c a u s e n e g a t i v e real in-
t e r e s t ra tes are not e c o n o m i c a l l y meaningful 
in t h e c o n t e x t of the i r m o d e l . This restr ict ion 
a l o n e is n o t s u f f i c i e n t for a r e a l i s t i c m o d e l 
s i n c e t h e s p o t ra te would e x h i b i t t o o much 
variabil i ty o v e r t ime . Thus t h e a s s u m p t i o n of 
m e a n revers ion was i n c o r p o r a t e d . N o t e that 
t h e original Ho a n d L e e m o d e l , cas t in t e r m s 
of n o m i n a l b o n d p r i c e s a n d i n t e r e s t r a t e s , 
d o e s al low n e g a t i v e i n t e r e s t ra tes a n d d o e s 
not h a v e a m e a n - r e v e r s i o n p r o p e r t y . 1 0 

V a l u i n g a b o n d u s i n g t h e C o x - l n g e r s o l l -
Ross m o d e l , l ike t h e Ho and L e e or any o t h e r 
va luat ion m o d e l , e n t a i l s c o m p u t i n g t h e ex-
p e c t e d v a l u e of t h e d i s c o u n t e d p a y o f f . In-
s t e a d of pos i t ing a d i s c r e t e n u m b e r of s t a t e s 
upon expirat ion of a b o n d as in Ho and L e e , 
t h e C o x - l n g e r s o l l - R o s s m o d e l a l l o w s for a 
c o n t i n u u m of o u t c o m e s . Again, b o n d valua-
tion m e a n s d e t e r m i n i n g t h e e x p e c t e d v a l u e 
of t h e d i s c o u n t fac tors to b e a p p l i e d in t h e 
cont inuum of s t a t e s , s i n c e t h e maturity va lue 
of a b o n d is always par. T h e c h i e f o b s t a c l e to 
m a k i n g t h i s d e t e r m i n a t i o n is t h a t t h e d i s -
count factors are unknown for r i sk-averse in-
v e s t o r s . F o r t u n a t e l y , t h e o p t i o n - p r i c i n g 
m e t h o d o l o g y that o r i g i n a t e d with Black a n d 
S c h o l e s p r o v i d e s an ingenious solut ion. 

R i s k - N e u t r a l V a l u a t i o n . With cer ta in as -
s u m p t i o n s , o p t i o n valuat ion can b e formulat-
e d in such a way that k n o w l e d g e of investors ' 
risk avers ion (that is, the i r d i s c o u n t funct ions) 

b e c o m e s irrelevant . This a p p r o a c h a p p l i e s to 
m a n y k i n d s o f o p t i o n - p r i c i n g p r o b l e m s 
t h o u g h , u n f o r t u n a t e l y , n o t d i r e c t l y to t e r m -
s t ruc ture a p p l i c a t i o n s for r e a s o n s to b e d is -
c u s s e d shortly. Although s t e p - b y - s t e p d e t a i l s 
p e r t a i n i n g t o o p t i o n v a l u a t i o n a r e b e y o n d 
t h e s c o p e of this art ic le , s o m e b a c k g r o u n d on 
t h e m a n n e r in which risk avers ion is t r e a t e d 
in v a l u a t i o n will a i d t h e u n d e r s t a n d i n g of 
t e rm-s t ruc ture m o d e l s . If certain a s s u m p t i o n s 
a r e i m p o s e d — c o n t i n u o u s t rad ing , c o n t i n u -
o u s pr ice dynamics , and t h e proper ty of non-
sat iat ion ( that is, that investors always p r e f e r 
t o c o n s u m e m o r e r a t h e r than l e s s ) — v a l u a -
tion may p r o c e e d as if in a risk-neutral world, 
o n e in which t h e d i s c o u n t r a t e s c o n t a i n no 
risk p r e m i a a n d thus a r e o b s e r v a b l e . 1 1 Valua-
tion is sa id to b e p r e f e r e n c e free. This l ine of 
r e a s o n i n g h a s b e c o m e k n o w n a s t h e Cox-
Ross r isk-neutral i ty a r g u m e n t , first e x p o u n d -
e d in Cox a n d R o s s ( 1 9 7 6 ) , a n d is a u s e f u l 
s t a r t i n g p o i n t for c o n s i d e r i n g v a l u a t i o n o f 
i n t e r e s t - r a t e c o n t i n g e n t c la ims . 

T h e validity of t h e risk-neutrality a r g u m e n t 
d e p e n d s on t h e c o n s t r u c t i o n of a s o - c a l l e d 
h e d g e por t fo l io c o n s i s t i n g of t h e d e r i v a t i v e 
a s s e t (for e x a m p l e , o p t i o n s ) and under ly ing 
a s s e t s (like s tocks) that a r e t r a d e d in such a 
way t h a t t h e p o r t f o l i o is w i t h o u t r isk. T h e 
h e d g e p o r t f o l i o w o u l d b e c o n s t r u c t e d s o 
that , for i n s t a n c e , a r i se in t h e v a l u e o f t h e 
s tock c o m p o n e n t would b e exact ly of fset by a 
fall in t h e v a l u e of t h e o p t i o n c o m p o n e n t and 
v ice versa . B e c a u s e t h e port fo l io is r i sk less , 
any funds i n v e s t e d in it would h a v e to earn 
t h e r isk-free rate of in teres t ; o therwise , arbi-
t rage would b e i n d u c e d b e t w e e n t h e h e d g e 
portfol io and t h e r isk-free a s s e t . T h e v a l u e of 
t h e p o r t f o l i o ' s c o m p o n e n t s c a n b e d e t e r -
m i n e d without regard for risk premia . No mat-
t e r what t h e actual d e g r e e of risk aversion, t h e 
fact that t h e por t fo l io is r i sk less m e a n s that 
t h e e x p e c t e d rate of return on its c o m p o n e n t s 
can b e a s s u m e d to b e t h e riskless rate as well. 
In o t h e r words, t h e s a m e opt ion price would 
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b e d e r i v e d for any d i s c o u n t r a t e s (if t h e y w e r e 
known) . T h u s o p t i o n pr ic ing p r o c e e d s u s i n g 
t h e p r e f e r e n c e a s s u m p t i o n that m a k e s valua-
t ion e a s i e s t : risk neutra l i ty . 1 2 

Allowing for r a n d o m i n t e r e s t r a t e s c o m p l i -
c a t e s t h e v a l u a t i o n p r o c e s s . T h e crucia l a s -
p e c t of t h e r i s k - n e u t r a l i t y a r g u m e n t is t h a t 
t h e s t o c k o r u n d e r l y i n g a s s e t i s i t s e l f t h e 
s t a t e v a r i a b l e a n d is a t r a d e d a s s e t . H o w e v e r , 
t h e i n s t a n t a n e o u s i n t e r e s t rate is n o t a t rad-
e d a s s e t a n d t h e r e f o r e c a n n o t b e u s e d di -
r e c t l y in c o n s t r u c t i n g a h e d g e p o r t f o l i o . 
U n l i k e t h e h e d g e p o r t f o l i o u s e d in d e r i v i n g 
t h e B l a c k - S c h o l e s o p t i o n p r i c i n g e q u a t i o n , 
risk c a n n o t b e e l i m i n a t e d in such a way that 
va luat ion is p r e f e r e n c e f r e e . 

N e v e r t h e l e s s , t h e p r o b l e m o f v a l u i n g 
b o n d s of d i f f e r i n g m a t u r i t y , e a c h of w h i c h 
m a y r e q u i r e a d i f f e r e n t a n d u n o b s e r v a b l e ex-
p e c t e d ra te of p r i c e a p p r e c i a t i o n (in o r d e r to 
b e h e l d w i l l i n g l y b y t h e i n v e s t o r ) , c a n b e 
s i m p l i f i e d . It is u s u a l l y a s s u m e d t h a t t h e 
b o n d p r i c e d e p e n d s on ly on t h e s t a t e vari-
a b l e s (in th is c a s e , t h e i n s t a n t a n e o u s i n t e r e s t 
r a t e ) a n d t i m e . A h e d g e p o r t f o l i o c a n b e 
f o r m e d , b u t d o i n g s o r e q u i r e s knowing s o m e -
th ing a b o u t risk p r e f e r e n c e s in t h e e c o n o m y . 
In part icular , for t h e C o x - l n g e r s o l l - R o s s m o d -
e l forming a r i s k l e s s h e d g e port fo l io i m p l i e s 
t h a t all b o n d s h a v e t h e s a m e r e t u r n - t o - r i s k 
r a t i o in e q u i l i b r i u m . T h a t ra t io r e f l e c t s r isk 
p r e f e r e n c e s . T h e b a s i c i d e a is t h a t a n y two 
b o n d s of arbi trary maturi ty can b e t r a d e d in 
s u c h a way (in a h e d g e p o r t f o l i o ) t h a t t h e y 
a r e a p e r f e c t s u b s t i t u t e for any o t h e r b o n d of 
arbi trary maturi ty . 

T h e e x c e s s return for a b o n d of o n e matu-
rity ( o v e r t h e r i s k - f r e e r a t e ) r e l a t i v e t o t h a t 
b o n d ' s v o l a t i l i t y ( t h e s t a n d a r d d e v i a t i o n of 
i ts ra te of re turn) m u s t in e q u i l i b r i u m e q u a l 
t h e e x c e s s return on a n o t h e r b o n d of differ-
e n t matur i ty r e l a t i v e t o its volati l i ty. T h i s m a y 
b e e x p r e s s e d m a t h e m a t i c a l l y as : 

CT, CT2 

w h e r e |x,and a r e t h e e x p e c t e d b o n d re -
turns, a , a n d cx2 a r e t h e b o n d volat i l i t ies , r is 
t h e r isk-free rate , a n d X is t h e m a r k e t pr i ce of 
i n s t a n t a n e o u s i n t e r e s t - r a t e r i s k . 1 3 T h e func-
t ion X can b e a function of t h e s t a t e v a r i a b l e 

a n d t i m e ( though of ten it is a s s u m e d t o b e a 
c o n s t a n t ) , b u t it c a n n o t b e a funct ion of any 
b o n d ' s maturi ty s i n c e all b o n d s a r e r e l a t e d t o 
X b y t h e a b o v e e q u a t i o n . If this r e l a t i o n s h i p 
d i d not hold for b o n d s of any maturity, arbi -
t rage would b e p o s s i b l e . I n v e s t o r s would al-
ways c h o o s e t h e b o n d with t h e h i g h e s t e x c e s s 
return-to-r isk ratio, t h e r e b y raising t h e b o n d ' s 
pr i ce a n d r e d u c i n g its e x c e s s return until t h e 
b o n d ' s e x c e s s return-to-r isk ratio e q u a l s X. 

H e n c e , t h e s impl i f i ca t ion u s e d in t h e Cox-
I n g e r s o l l - R o s s m o d e l a n d o t h e r c o n t i n u o u s -
t i m e t e r m - s t r u c t u r e m o d e l s i s t h a t , r a t h e r 
t h a n n e e d i n g to know t h e e x o g e n o u s e x p e c t -
e d return for e a c h b o n d , t h e on ly e x o g e n o u s 
e l e m e n t t h a t n e e d s t o b e i d e n t i f i e d is t h e 
m a r k e t p r i c e of i n t e r e s t - r a t e risk, which b y 
h y p o t h e s i s i s s h a r e d in c o m m o n b y a l l 
b o n d s . 1 4 T h i s p a r a m e t e r m u s t b e e s t i m a t e d 
from ac tua l b o n d p r i c e d a t a t o u s e t h e Cox-
I n g e r s o l l - R o s s o r o t h e r s i m i l a r m o d e l . O n c e 
t h e m a r k e t p r i c e of i n t e r e s t - r a t e risk is e s t i -
m a t e d , va luat ion p r o c e e d s us ing r i sk-neutra l 
pr ic ing m e t h o d s . T h e e n d resul t is a formula 
t o p r i c e b o n d s of any maturi ty . In t h e c o n t e x t 
o f t h e C o x - l n g e r s o l l - R o s s m o d e l , t h e b o n d 
p r i c e is s o l e l y a funct ion of t h e s p o t r a t e of 
i n t e r e s t a n d t h e b o n d ' s t i m e t o matur i ty . In 
m o r e g e n e r a l v e r s i o n s o f t h e m o d e l , t h e 
b o n d p r i c e i s a f u n c t i o n o f t h e u n d e r l y i n g 
s t a t e v a r i a b l e s a n d t i m e t o maturi ty . T o s u m -
mar ize , i n t e r e s t - r a t e c o n t i n g e n t c la im pric ing 
d o e s i n v o l v e m a k i n g a risk a d j u s t m e n t in ar-
r iving a t a p r i c i n g f o r m u l a , b u t v a l u a t i o n is 
n o t p r e f e r e n c e f r e e . 

S p e a k i n g in t e r m s of r isk-neutral va luat ion 
in t h e c o n t e x t o f t e r m - s t r u c t u r e m o d e l s is 
s o m e t h i n g of a m i s n o m e r . I n v e s t o r s a r e n o t 
n e c e s s a r i l y risk neutral w h e n X is zero . T h e y 
m a y b e risk a v e r s e , but , b e c a u s e of t h e un-
c e r t a i n t y r e s u l t i n g f rom r a n d o m n e s s in t h e 
s p o t i n t e r e s t ra te (or, m o r e g e n e r a l l y , uncer -
t a i n t y s t e m m i n g f r o m t h e s t a t e v a r i a b l e s ) , 
t h e i r risk a v e r s i o n is s u c h t h a t t h e y d o n o t re-
q u i r e a risk p r e m i u m . T h e s e r i s k - a v e r s e in-
v e s t o r s ' " p o r t f o l i o d e c i s i o n s a r e c o m p l e t e l y 
m y o p i c b e i n g m a d e with no regard for h e d g -
ing a g a i n s t c h a n g e s in t h e s t a t e v a r i a b l e s 
I w h i c h a f f e c t f u t u r e o u t p u t a n d c o n s u m p -
t i o n ] " (Cox , I n g e r s o l l , a n d R o s s 1 9 8 1 , 7 8 3 ) . 
C o n s e q u e n t l y , all future payof fs a r e d i s c o u n t -
e d using r isk- free r a t e s , jus t a s in t h o s e c a s e s 
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w h e r e t h e C o x - R o s s risk neutra l i ty a r g u m e n t 
a p p l i e s . In p o i n t i n g out th is s u b t l e t y , Cox, In-
gerso l l , a n d R o s s ( 1 9 8 1 ) c h o s e t o call t h e c a s e 
in which t h e f a c t o r risk p r e m i a a r e z e r o t h e 
" loca l e x p e c t a t i o n s h y p o t h e s i s " r a t h e r t h a n 
t h e r i sk-neutra l e x p e c t a t i o n s h y p o t h e s i s . 1 5 

An Illustration of the Cox-Ingersoll-
Ross Model 

Charts 5 a n d 6 a r e e x a m p l e s of t h e s i n g l e -
fac tor C o x - l n g e r s o l l - R o s s m o d e l , t h e s i m p l e s t 
of t h e i r m o d e l s . Its key f e a t u r e s a r e i l lustrat-
e d in t h e g r a p h s . T h e s p o t i n t e r e s t r a t e re -
v e r t s t o a l o n g - t e r m r a t e of 7 p e r c e n t . S i n c e 
e x p e c t e d s p o t r a t e s a r e a b o v e t h e o b s e r v e d 
y i e l d c u r v e , a n y ini t ia l s p o t r a t e b e l o w t h e 
l o n g - t e r m r a t e r e s u l t s in an u p w a r d - s l o p i n g 
t e r m s t r u c t u r e . Any y i e l d a l o n g t h e t e r m 
s t ruc ture can b e e x p r e s s e d a s a c o n t i n u o u s -
t i m e a v e r a g e of t h e current s p o t ra te a n d t h e 
e x p e c t e d s p o t r a t e s . T h i s r e l a t i o n s h i p h a s a 
p r e c i s e f o r m u l a in t h e C o x - l n g e r s o l l - R o s s 
m o d e l . T h e e x p e c t e d s p o t r a t e s w e r e c o m -

p u t e d b y formula in g r a p h i n g t h e i r c u r v e s in 
Charts 5 a n d 6. Chart 6 s h o w s a s p o t r a t e t h a t 
is a b o v e its l o n g - t e r m r a t e , a n d c o n s e q u e n t -
ly t h e t e r m s t r u c t u r e s l o p e s d o w n w a r d . T h e 
r a t e a t w h i c h t h e s p o t r a t e r e v e r t s t o i t s 
l o n g - t e r m l e v e l is a n i m p o r t a n t p a r a m e t e r 
t h a t g o v e r n s how t h e t e r m s t r u c t u r e m o v e s 
o v e r t i m e . T h e o t h e r c r i t i c a l p a r a m e t e r a f -
f e c t i n g t h e t e r m s t r u c t u r e is t h e vola t i l i ty of 
t h e s p o t r a t e . 

A n o t h e r f e a t u r e o f t h e s i n g l e - f a c t o r C o x -
l n g e r s o l l - R o s s m o d e l is t h a t b o n d s of suffi-
c i e n t l y l o n g m a t u r i t y h a v e y i e l d s t h a t a r e 
i n d e p e n d e n t of t h e s p o t rate . T h i s l o n g - t e r m 
y i e l d , d e n o t e d a s t h e c o n s o l r a t e ( t h e y i e l d 
o n an i n f i n i t e - m a t u r i t y b o n d ) , a p p e a r s a s a 
h e a v y d o t t e d l ine in all of t h e r e l e v a n t charts . 
As m a t u r i t y i n c r e a s e s , t h e y i e l d c u r v e a p -
p r o a c h e s th is l imit ing y i e l d " a s y m p t o t i c a l l y , " 
t h a t is, v e r y gradual ly . In cont ras t , mul t i fac tor 
m o d e l s d o n o t h a v e t h e unrea l i s t i c c h a r a c t e r -
ist ic t h a t l o n g - t e r m b o n d y i e l d s a r e c o n s t a n t . 
T h e m o d e l d e v e l o p e d b y M i c h a e l ). B r e n n a n 
a n d E d u a r d o S. Schwartz (1979) a n d a n o t h e r 
b y S t e p h e n M. S c h a e f e r a n d Schwartz ( 1 9 8 4 ) 
a r e two- fac tor m o d e l s t h a t i n c l u d e t h e c o n s o l 

Chart 5. 
Cox-lngersoll-Ross Model 

Rate (market price of risk = 0) 

(Percent) 

Time to Maturity (years) 
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ra te a s an i n s t r u m e n t a l v a r i a b l e . This k ind of 
m o d e l a l lows r a n d o m n e s s t o a f fec t t h e t e r m 
s t r u c t u r e from o p p o s i t e e n d s of t h e maturi ty 
s p e c t r u m . In fact , R e n - R a w C h e n a n d L o u i s 
S c o t t ( 1 9 9 0 ) h a v e found t h a t a l lowing for two 
a n d t h r e e fac tors grea t ly i m p r o v e s t h e fit b e -
t w e e n t e r m - s t r u c t u r e m o d e l b o n d p r i c e s a n d 
actual m a r k e t b o n d p r i c e s . 

As d i s c u s s e d ear l ie r , risk a v e r s i o n d r i v e s a 
w e d g e b e t w e e n forward r a t e s a n d e x p e c t e d 
future s p o t r a t e s . Y e t risk a v e r s i o n is n o t t h e 
o n l y f a c t o r t h a t s e p a r a t e s forward f rom e x -
p e c t e d future s p o t ra tes . Char t s 5 a n d 6 s h o w 
s e p a r a t e forward r a t e s a n d e x p e c t e d f u t u r e 
s p o t r a t e c u r v e s e v e n t h o u g h t h e m a r k e t 
p r i c e of i n s t a n t a n e o u s i n t e r e s t - r a t e risk is ze-
ro. This t y p e of d i s c r e p a n c y was first e x p l i c a t -
e d b y S t a n l e y F i s c h e r ( 1 9 7 5 ) in c o n s i d e r i n g 
t h e e f f e c t o f i n f l a t i o n on n o m i n a l i n t e r e s t 
r a t e s a n d t h e n b y S c o t t F. R ichard ( 1 9 7 8 ) in 
his two- fac tor t e r m - s t r u c t u r e m o d e l . T e r e n c e 
C. L a n g e t i e g ( 1 9 8 0 ) o b s e r v e d t h a t on ly in a 
w o r l d of c e r t a i n t y , n o t j u s t r i sk n e u t r a l i t y , 
would risk p r e m i a b e zero. 

C o x , I n g e r s o l l , a n d R o s s ( 1 9 8 1 ) g a v e a 
c o m p r e h e n s i v e a n a l y s i s of t h e p h e n o m e n o n , 

which a r i s e s f rom a m a t h e m a t i c a l c o n d i t i o n 
known a s l e n s e n ' s i n e q u a l i t y . 1 6 A n o n t e c h n i -
ca l e x p l a n a t i o n i s t h a t e q u a l i t y of forward 
a n d f u t u r e e x p e c t e d s p o t r a t e s i m p l i e s a 
p a r t i c u l a r t y p e of b o n d pr ic ing e q u i l i b r i u m , 
o n e t h a t is n o t g e n e r a l l y c o m p a t i b l e wi th 
o t h e r t y p e s . If, for e x a m p l e , t h e local e x p e c -
t a t i o n s h y p o t h e s i s is t r u e a n d t h e r e f o r e a 
b o n d ' s c u r r e n t p r i c e i s t h e e x p e c t e d d i s -
c o u n t e d v a l u e o f i ts f a c e v a l u e , w h e r e t h e 
d i s c o u n t fac tor is a f u n c t i o n of all t h e i n s t a n -
t a n e o u s s p o t r a t e s e x p e c t e d t o prevai l up to 
t h e maturi ty d a t e , t h e n forward r a t e s c a n n o t 
e q u a l e x p e c t e d s p o t r a t e s in e q u i l i b r i u m . In 
fact , t h e b o n d y i e l d i m p l i e d b y e q u a l i t y of 
forward a n d e x p e c t e d s p o t r a t e s is g r e a t e r 
than t h e y i e l d i m p l i e d b y t h e local e x p e c t a -
t i o n s h y p o t h e s i s . 

In o t h e r w o r d s , e v e n f o r a z e r o m a r k e t 
p r i c e of s p r e a d risk, forward r a t e s a r e b i a s e d 
p r e d i c t o r s of future e x p e c t e d s p o t r a t e s for 
a r e a s o n t h a t h a s n o t h i n g t o d o with risk p r e -
mia . H o w e v e r , Char t s 5 a n d 6 m a k e it a p p a r -
e n t t h a t t h e d i s c r e p a n c y b e t w e e n f o r w a r d 
a n d e x p e c t e d f u t u r e s p o t r a t e s i s v e r y 
s m a l l — o n l y a few b a s i s p o i n t s ( b a s e d on re-

Chart 6. 
Cox-lngersoll-Ross Model 

Rate (market pice of risk = 0) 

(Percent) 

Time to Maturity (years) 
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al is t ic p a r a m e t e r v a l u e s for t h e Cox- Ingerso l l -
R o s s m o d e l ) . 1 7 

C h a r t s 7 a n d 8 a r e b a s e d o n t h e s a m e 
m o d e l g e n e r a t i n g C h a r t s 5 a n d 6 , b u t t h e 
m a r k e t p r i c e of i n s t a n t a n e o u s i n t e r e s t - r a t e 

risk i s now n e g a t i v e , g i v i n g r i s e t o p o s i t i v e 
risk p r e m i a . T h e e x p e c t e d s p o t - r a t e c u r v e is 
t h e s a m e a s b e f o r e ; h o w e v e r , t h e f o r w a r d -
r a t e c u r v e now r i s e s a b o v e i ts l e v e l in t h e 
e a r l i e r c h a r t s b e c a u s e of t h e e f f e c t o f r isk 

Chart 7. 
Cox-lngersoll-Ross Model 

(market price of risk = -.05) 

Rate 

(Percent) 

0 . 35 

Risk Premium 

3 4 5 6 7 

Time to Maturity (years) 
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Rate 
(Percent) Risk Premium 

Rate 
(Percent) 

9 . 5 0 

Chart 8. 
Cox-lngersoll-Ross Model 

(market price of risk = -.05) 

Yield Curve 
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7 . 5 0 

7 . 0 0 
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Time to Maturity (years) 
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p r e m i a . C o n s e q u e n t l y , t h e y i e l d c u r v e i s 
h i g h e r e v e r y w h e r e in Char t s 7 a n d 8 t h a n it 
was in Charts 5 a n d 6. 

T h e risk p r e m i u m g r a p h e d in t h e i n s e t b e -
low t h e y i e l d c u r v e s in Charts 7 a n d 8 r e p r e -

s e n t s t h e d i f f e r e n c e b e t w e e n t h e i n s t a n t a -
n e o u s e x p e c t e d ra te of return on a b o n d of a 
g iven matur i ty a n d t h e e x p e c t e d r a t e of re-
turn on a b o n d t h a t is an ins tant from matur-
ing ( t h e s p o t i n t e r e s t r a t e ) . T h i s is t h e risk 
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p r e m i u m c o n c e p t u s e d by Cox, Ingersoll , and 
Ross, which t h e y refer to as t h e t e r m premi -
um. For b o t h upward- a n d downward-s loping 
yield curves , t h e risk p r e m i u m curve increas-
e s with t h e maturity of t h e b o n d . In fact, for 
this m o d e l t h e risk p r e m i u m is proport ional 
to t h e i n t e r e s t e l a s t i c i t y o f t h e b o n d p r i c e . 
That e las t i c i ty r i ses with t h e maturi ty of t h e 
b o n d . In o t h e r words, a 1 p e r c e n t i n c r e a s e (or 
d e c r e a s e ) in i n t e r e s t ra tes d e p r e s s e s (or e l e -
v a t e s ) l o n g e r - t e r m b o n d p r i c e s m o r e t h a n 
s h o r t e r - t e r m b o n d p r i c e s . T h u s , t h e Cox-
I n g e r s o l l - R o s s m o d e l g i v e s a risk p r e m i u m 
structure s imilar to that p r e d i c t e d by t h e l iq-
uidity p r e m i u m h y p o t h e s i s . T h e actual inter-
p r e t a t i o n is d i f f e r e n t , h o w e v e r , a n d will b e 
d i s c u s s e d in t h e next s e c t i o n . 

O t h e r m o d e l s give m o r e c o m p l e x risk pre-
m i u m b e h a v i o r . For e x a m p l e , a o n e - f a c t o r 
m o d e l p r o p o s e d b y F r a n c i s A. L o n g s t a f f 
(1989) , which in m a n y r e s p e c t s is s imi la r to 
t h e C o x - l n g e r s o l l - R o s s m o d e l , p r o d u c e s a 
risk p r e m i u m that d o e s not s imply i n c r e a s e 
with maturity; that is, it can h a v e a h u m p e d 
pattern a s well that may l e n d g r e a t e r real ism 
to t h e m o d e l . 

G e n e r a l Equilibrium. Up to this point , t h e 
risk p r e m i u m has b e e n s imply a quant i ty that 
s e p a r a t e s forward r a t e s from e x p e c t e d s p o t 
r a t e s . N e g l e c t i n g t h e e f f e c t of J e n s e n ' s in-
e q u a l i t y , t h e risk p r e m i u m ' s i m p a c t is t h e 
s a m e in t h e l iquidity p r e m i u m a n d pre fer red 
hab i ta t h y p o t h e s e s . Cox, Ingersoll , and Ross 
( 1 9 8 5 a , b ) a l l o w e d a ful ler i n t e r p r e t a t i o n of 
t h e risk p r e m i u m by e m b e d d i n g the i r t e rm-
s t r u c t u r e m o d e l in a l a r g e r m o d e l o f t h e 
e c o n o m y . Part icularly s i n c e t h e 1970s , e c o -
nomic theory has p l a c e d g r e a t e r e m p h a s i s on 
t h e rational maximizing b e h a v i o r of individu-
als; Cox, Ingersoll , and Ross s o u g h t to incor-
p o r a t e s u c h b e h a v i o r e x p l i c i t l y i n t o a 
t e r m - s t r u c t u r e m o d e l (and, m o r e g e n e r a l l y , 
in any m o d e l for valuing a s s e t pr ices) . 

Individuals in t h e Cox- lngerso l l -Ross m o d -
e l ' s h y p o t h e t i c a l e c o n o m y are ident ica l a n d 
rational in t h e s e n s e that t h e y know t h e struc-
ture of t h e e c o n o m y and all re levant informa-
tion for t h e d e c i s i o n s t h a t t h e y m a k e . T h e y 
s e e k cont inual ly to a c h i e v e t h e h i g h e s t level 
of sat is fact ion p o s s i b l e , or, in m o r e technica l 
l a n g u a g e , t h e y m a x i m i z e t h e i r "ut i l i ty func-
t i o n s " through t i m e . T h e y are e n d o w e d ini-

tially with a cer ta in a m o u n t of weal th , which 
t h e y use to inves t in t h e product ive p r o c e s s -
e s of t h e e c o n o m y , p u r c h a s e financial a s s e t s 
(which e n a b l e t h e m to d e f e r c o n s u m p t i o n to-
day to a future d a t e ) , and c o n s u m e t h e e c o n -
o m y ' s s i n g l e o u t p u t . W h a t e v e r o u t p u t g o e s 
u n c o n s u m e d is i n v e s t e d to p r o d u c e m o r e fu-
ture output . 

T h e i n d i v i d u a l ' s m a x i m i z a t i o n p r o b l e m is 
to d e c i d e on t h e optimal a m o u n t of e a c h of 
t h e s e a c t i v i t i e s to u n d e r t a k e . T h e d e c i s i o n s 
will d e p e n d in part on t h e i r a t t i t u d e toward 
r isk, which is m a t h e m a t i c a l l y r e p r e s e n t e d 
as an e l e m e n t of t h e i r util ity func t ion . Risk 
in th is h y p o t h e t i c a l e c o n o m y d e r i v e s part ly 
f r o m s h o c k s t o p r o d u c t i o n t h a t c h a n g e 
w e a l t h a n d c o m s u m p t i o n o v e r t i m e . A b i g 
r i s e in t h e p r i c e of oil or t h e o c c u r r e n c e of 
d r o u g h t a r e e x a m p l e s of s u c h s h o c k s . Pro-
d u c t i o n is a l s o uncer ta in b e c a u s e o f s h o c k s 
t o t e c h n o l o g y , w h i c h a r e m o d e l e d a s t h e 
r a n d o m e v o l u t i o n of a s e t of s t a t e v a r i a b l e s . 
T h e s e s t a t e v a r i a b l e s h a v e no fur ther in ter -
p r e t a t i o n , o t h e r t h a n b e i n g t h e b a s i c 
s o u r c e s of u n c e r t a i n t y . 

T h e o p t i m i z i n g d e c i s i o n s o f t h e i n -
v e s t o r / c o n s u m e r r e s u l t in an e c o n o m i c 
e q u i l i b r i u m t h a t i n c l u d e s e q u i l i b r i u m a s s e t 
p r i c e s a n d i n t e r e s t r a t e s . T h e r e a r e m a n y 
i m p l i c a t i o n s o f t h e C o x - l n g e r s o l l - R o s s g e n -
eral e q u i l i b r i u m m o d e l . T h e o n e t o b e e m -
p h a s i z e d h e r e is t h e n a t u r e o f t h e r i s k 
p r e m i u m . Any s e c u r i t y ' s r a t e of return in ex-
c e s s o f t h e r i s k - f r e e r a t e d e p e n d s on i t s 
s e n s i t i v i t y t o c h a n g e s in w e a l t h a n d t o 
c h a n g e s in e a c h of t h e s t a t e v a r i a b l e s . Cox, 
Ingersol l , a n d Ross ( 1 9 8 5 a ) g ive t h e follow-
ing i n t e r p r e t a t i o n of t h e risk p r e m i u m : "Just 
as w e would e x p e c t , i n d i v i d u a l s a r e willing 
to a c c e p t a lower e x p e c t e d ra te of return on 
s e c u r i t i e s which t e n d to p a y off m o r e highly 
w h e n m a r g i n a l u t i l i ty is h i g h e r . H e n c e , in 
e q u i l i b r i u m such s e c u r i t i e s will h a v e a low-
e r tota l risk p r e m i u m " (376) . W h a t individu-
a l s u l t i m a t e l y c a r e a b o u t is t h e f l o w o f 
c o n s u m p t i o n t h e y e n j o y o v e r t i m e . Chang-
ing t h e i r s e c u r i t i e s p o r t f o l i o s is o n e way 
t h e y a c h i e v e th is goal . W h e n t i m e s a r e lean 
a n d c o n s u m p t i o n is r e l a t i v e l y low, t h e s a t i s -
f a c t i o n from e a c h a d d i t i o n a l i n c r e m e n t t o 
c o n s u m p t i o n — t h a t is, its marginal u t i l i t y — 
is high. (It is a s s u m e d t h a t a s c o n s u m p t i o n 
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r i s e s , m a r g i n a l u t i l i ty f a l l s , w h i c h i s t o s a y 
t h a t a d d i t i o n a l c o n s u m p t i o n c a r r i e s l e s s 
u t i l i t y v a l u e . ) T r a d i n g in s e c u r i t i e s i s t h e 
m e t h o d b y w h i c h i n d i v i d u a l s s m o o t h c o n -
s u m p t i o n ( a n d r a i s e u t i l i ty ) . B e c a u s e t h e y 
h a v e l i m i t e d w e a l t h , (in o t h e r w o r d s , b u d -
g e t c o n s t r a i n t s ) , i n d i v i d u a l s m u s t p r e f e r 
s o m e s e c u r i t i e s m o r e t h a n o t h e r s . In p a r t i c -
u l a r , s e c u r i t i e s t h a t p a y m o s t w h e n c o n -
s u m p t i o n i s l o w a r e m o r e v a l u a b l e t h a n 
t h o s e t h a t p a y m o s t w h e n c o n s u m p t i o n is 
h i g h . C o n s e q u e n t l y , s e c u r i t i e s t h a t y i e l d 
m o s t in l e a n t i m e s b e a r h i g h e r p r i c e s a n d 
h e n c e l o w e r r isk p r e m i a . T h a t is , t h e i r re -
t u r n in e x c e s s o f t h e r i s k - f r e e r a t e will b e 
l o w e r s i n c e r i s k - a v e r s e i n d i v i d u a l s p r e f e r 
t h e s e k i n d s o f s e c u r i t i e s . In o t h e r w o r d s , 
s o m e s e c u r i t i e s a r e b e t t e r a t h e d g i n g c e r -
ta in k i n d s of risk t h a n o t h e r s e c u r i t i e s , a n d 
t h e v a l u e of s u c h s e c u r i t i e s will d e p e n d on 
i n v e s t o r p r e f e r e n c e s . 

R i s k - n e u t r a l c o n s u m e r s / i n v e s t o r s d o n o t 
c a r e a b o u t f l u c t u a t i o n s in t h e i r c o n s u m p t i o n 
flows or i n v e s t m e n t o p p o r t u n i t i e s . As a result , 
t h e y would n o t b e willing t o p a y a p r e m i u m 
for t h e h e d g i n g c h a r a c t e r i s t i c s of any secur i ty ; 
all s e c u r i t i e s would e a r n t h e r isk-free rate in 
e q u i l i b r i u m . As m e n t i o n e d a b o v e , h o w e v e r , 
ind iv idua ls can b e risk a v e r s e (speci f ical ly , b y 
e x p e r i e n c i n g d i m i n i s h i n g marginal utility with 
r e s p e c t t o c o n s u m p t i o n or , e q u i v a l e n t l y , 
w e a l t h ) b u t n o t r e q u i r e a n y risk p r e m i a . As 
Cox, Ingersol l , a n d R o s s (1981) h a v e p o i n t e d 
o u t , s u c h a c o m b i n a t i o n c o u l d o c c u r if 
c h a n g e s in t h e marginal utility of weal th w e r e 
u n a f f e c t e d b y c h a n g e s in t h e s t a t e v a r i a b l e s . 
S u c h c o n d i t i o n s s h o u l d b e r e g a r d e d a s e x -
c e p t i o n a l , t h o u g h , a n d n o t real ist ical ly charac-
ter i s t i c of t h e e c o n o m y . 

T h e g e n e r a l e q u i l i b r i u m s t r u c t u r e p r o -
v i d e s a m o r e d e t a i l e d i n t e r p r e t a t i o n o f a 
t e r m - s t r u c t u r e m o d e l . In part icular , t h e o n e -
fac tor C o x - l n g e r s o l l - R o s s m o d e l i n c l u d e s t h e 
s p e c i a l i z e d a s s u m p t i o n that t h e risk p r e m i u m 
d o e s n o t d e p e n d on w e a l t h b u t r e p r e s e n t s 
t h e " c o v a r i a n c e of c h a n g e s in t h e i n t e r e s t rate 
with p e r c e n t c h a n g e s in o p t i m a l l y i n v e s t e d 
wealth ( the 'market port fol io ' ) " (Cox, Ingersoll , 
a n d R o s s 1985b, 393) . In t h e o n e - f a c t o r m o d e l , 
a s ing le s t a t e var iab le , which is u n o b s e r v a b l e , 
s u m m a r i z e s all u n d e r l y i n g u n c e r t a i n t y . How-
e v e r , t h e s p o t i n t e r e s t ra te d e p e n d s on t h a t 

s t a t e var iab le ; it d e t e r m i n e s all m o v e m e n t s in 
t h e s p o t ra te . T h e s t a t e v a r i a b l e r e p r e s e n t s 
c h a n g e s in physical i n v e s t m e n t o p p o r t u n i t i e s , 
w h i c h in t u r n a c c o u n t f o r a l l v a r i a t i o n s in 
weal th . Thus , risk d e p e n d s on how c h a n g e s in 
b o n d p r i c e s d e t e r m i n e d b y t h e s p o t r a t e 
vary with c h a n g e s in w e a l t h . B o n d s t h a t a r e 
b e t t e r h e d g e s a g a i n s t s h i f t s in i n v e s t m e n t 
o p p o r t u n i t i e s ( a n d h e n c e w e a l t h ) a r e m o r e 
highly v a l u e d a n d carry l o w e r risk p r e m i u m s . 
For e x a m p l e , in t h e o n e - f a c t o r C o x - l n g e r s o l l -
R o s s m o d e l if w e a l t h t e n d s t o d e c l i n e a s t h e 
s p o t i n t e r e s t ra te r i s e s ( t h e w e a l t h - s p o t ra te 
c o v a r i a n c e i s n e g a t i v e ) , t h e n s h o r t - t e r m 
b o n d s will c a r r y l o w e r r i sk p r e m i u m s t h a n 
l o n g e r - t e r m b o n d s b e c a u s e t h e y a r e s u b j e c t 
to s m a l l e r c a p i t a l l o s s e s . B e c a u s e l o n g - t e r m 
b o n d p r i c e s d e c l i n e m o r e t h a n s h o r t - t e r m 
b o n d p r i c e s in r e s p o n s e t o a r i se in t h e s p o t 
ra te , l o n g - t e r m b o n d s a r e r i s k i e r t o i n c l u d e 
in t h e w e a l t h p o r t f o l i o a n d r e q u i r e a g r e a t e r 
risk p r e m i u m a s c o m p e n s a t i o n . S i m i l a r r e a -
s o n i n g a p p l i e s t o t h e i n t e r p r e t a t i o n of t h e 
risk p r e m i u m ar is ing in m o r e c o m p l e x mult i -
fac tor m o d e l s . T h i s g e n e r a l e q u i l i b r i u m t h e -
o r y of t h e r i s k p r e m i u m h a s c o n s i d e r a b l y 
g r e a t e r e c o n o m i c c o n t e n t t h a n t h e c o m p a r a -
t i v e l y v a g u e n o t i o n t h a t i n v e s t o r s d e m a n d 
risk p r e m i a for i l l iquid b o n d s . 

T h e g e n e r a l e q u i l i b r i u m a p p r o a c h of t h e 
C o x - l n g e r s o l l - R o s s m o d e l o f f e r s f u r t h e r in-
s ights into how underlying e c o n o m i c var iab les , 
such a s shifts in i n v e s t m e n t o p p o r t u n i t i e s , af-
f e c t t h e t e r m s t r u c t u r e . Par t ia l e q u i l i b r i u m 
m o d e l s c a n n o t r e v e a l t h e s e l inkages . In fact, 
C o x , I n g e r s o l l , a n d R o s s ( 1 9 8 5 b ) m a k e t h e 
p o i n t tha t part ial e q u i l i b r i u m m o d e l s can b e 
internally incons is tent . First, t h e r e may not b e 
any underlying equi l ibr ium c o n s i s t e n t with t h e 
a s s u m p t i o n s c o n c e r n i n g t h e c h o i c e of s t a t e 
v a r i a b l e s , such a s t h e s p o t i n t e r e s t rate , a n d 
t h e way t h e y e v o l v e r a n d o m l y o v e r t i m e . In 
o t h e r words, t h e two a s s u m p t i o n s m a y b e in-
c o m p a t i b l e . S e c o n d , a r b i t r a r i l y s e l e c t i n g a 
functional form for t h e risk p r e m i u m (for e x a m -
ple , a s s u m i n g that it is cons tant ) m a y p r o d u c e 
a m o d e l that i m p l i e s arbi t rage o p p o r t u n i t i e s — 
a fatal m o d e l i n g flaw. 1 8 

F r o m a m o d e l i n g s t a n d p o i n t , t h e g e n e r a l 
e q u i l i b r i u m a p p r o a c h is c l e a r l y p r e f e r a b l e . 
In t e r m s o f a c t u a l l y i m p l e m e n t i n g a b o n d 
p r i c i n g m o d e l , h o w e v e r , t h e d i f f e r e n c e b e -

20 ECONOMIC REVIEW, JULY/AUGUST 1990 
Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



t w e e n p a r t i a l a n d g e n e r a l e q u i l i b r i u m m a y 
n o t b e cri t ical . E v e n if t h e g e n e r a l e q u i l i b r i -
um m o d e l is in terna l ly c o n s i s t e n t , it m a y mis -
p r i c e a c t u a l b o n d s a s m u c h a s a p a r t i a l 
e q u i l i b r i u m v e r s i o n . P o o r p r e d i c t i o n s c a n 
s t e m from a m i s s p e c i f i c a t i o n of t h e actual un-
d e r l y i n g e c o n o m y if, for i n s t a n c e , t h e d e t a i l s 
of t h e m o d e l a r e s i m p l y t o o far off. On t h e 
o t h e r h a n d , a m o r e c o m p l e x , r e a l i s t i c m o d e l 
might b e i m p o s s i b l e t o u s e b e c a u s e e s s e n -
tial p a r a m e t e r s c a n n o t b e re l iab ly e s t i m a t e d 
given l i m i t e d d a t a a b o u t t h e actual e c o n o m y . 
S i m p l e r m o d e l s m a y p e r f o r m b e t t e r e v e n if 
t h e y a r e in terna l ly i n c o n s i s t e n t . 

Extensions and Variations on Term-
Structure Models 

Cox, I n g e r s o l l , a n d R o s s ( 1 9 8 5 b ) e x p l o r e 
s o m e e x t e n s i o n s of t h e i r b a s i c m o d e l . T h e y 
s h o w h o w t o i n c o r p o r a t e m o r e s t a t e v a r i -
a b l e s . T h i s a d d i t i o n r e s u l t s in g e n e r a l e q u i -
l ibr ium mul t i fac tor m o d e l s t h a t a r e s i m i l a r t o 
t h e e a r l i e r m u l t i f a c t o r m o d e l s of B r e n n a n 
a n d S c h w a r t z ( 1 9 7 9 ) a n d o f S c h a e f e r a n d 
Schwartz ( 1 9 8 4 ) . As m o r e fac tors a r e a d d e d , 
t h e m a t h e m a t i c a l c o m p l e x i t y i n c r e a s e s c o n -
s i d e r a b l y , m a k i n g t h e s e m o d e l s c u m b e r -
s o m e . S i m p l e f o r m u l a s for pr ic ing b o n d s a r e 
n o t a v a i l a b l e ; ra ther , c o m p u t e r - i n t e n s i v e nu-
m e r i c a l m e t h o d s m u s t g e n e r a l l y b e u s e d t o 
o b t a i n b o n d p r i c e s . 

L o n g s t a f f ( 1 9 8 9 ) a t t e m p t s t o g e t b e t t e r 
p e r f o r m a n c e o u t of a s i n g l e - f a c t o r g e n e r a l 
e q u i l i b r i u m m o d e l b y a l lowing for n o n l i n e a r 
b e h a v i o r in t h e u n d e r l y i n g s t a t e v a r i a b l e a n d 
c o n s e q u e n t l y a l s o in t h e o b s e r v a b l e s p o t in-
t e r e s t rate . O n e i m p a c t of th is n o n l i n e a r i t y is 
to m a k e t h e s p o t ra te rever t t o its l o n g - t e r m 
leve l m o r e s lowly from a b o v e than from b e -
l o w . G r e a t e r f l e x i b i l i t y a n d r e a l i s m a r e 
a c h i e v e d b e c a u s e t h e p o s s i b l e t h e o r e t i c a l 
s h a p e s of t h e t e r m s t r u c t u r e a r e m o r e var ied . 
T h e s e a t t r i b u t e s m a y m o d e l ac tua l var ia t ions 
in t h e t e r m s t r u c t u r e b e t t e r than t h e s i m p l e 
C o x - l n g e r s o l l - R o s s m o d e l . 

Cox, Ingersol l , a n d R o s s ( 1 9 8 5 b ) a l s o s h o w 
how t o a d a p t t h e i r a p p r o a c h t o v a l u e n o m i -
nal b o n d s . T h e i r original m o d e l d o e s n o t in-
c l u d e t h e e x i s t e n c e o f m o n e y o r i n f l a t i o n . 

T h e y m o d i f y t h e m o d e l b y i n c o r p o r a t i n g t h e 
a g g r e g a t e p r i c e l e v e l a s a n o t h e r s t a t e vari -
a b l e a n d o b t a i n a n o m i n a l b o n d - p r i c i n g for-
m u l a . A l t e r n a t i v e l y , t h e y r e c a s t t h e e n t i r e 
m o d e l in t e r m s of n o m i n a l v a r i a b l e s a n d d e -
rive i n t e r e s t - r a t e a n d b o n d - p r i c i n g e q u a t i o n s 
s i m i l a r in form t o t h e r e a l - v a r i a b l e m o d e l . In 
th is r e v i s e d m o d e l , t h e i n s t a n t a n e o u s n o m i -
nal i n t e r e s t r a t e e q u a l s t h e s u m of t h e in-
s t a n t a n e o u s r e a l i n t e r e s t , t h e e x p e c t e d 
i n s t a n t a n e o u s rate of inf lat ion, a n d a g r o u p of 
t e r m s t h a t a r i s e from t h e e f f e c t s of J e n s e n ' s 
i n e q u a l i t y . In o t h e r words , t h e s o - c a l l e d F ish-
e r e q u a t i o n , which s t a t e s t h a t t h e n o m i n a l 
ra te is t h e s u m of t h e real rate a n d e x p e c t e d 
inf lat ion, d o e s n o t h o l d (for t h e s a m e m a t h e -
m a t i c a l r e a s o n t h a t f o r w a r d r a t e s d o n o t 
e q u a l e x p e c t e d future s p o t r a t e s e v e n w h e n 
fac tor risk is zero) . R i c h a r d ' s ( 1 9 7 8 ) is an ear l i -
e r p a r t i a l e q u i l i b r i u m m o d e l t h a t i n c l u d e d 
e x p e c t e d in f la t ion a s o n e of two s t a t e vari -
a b l e s . 1 9 

T h e C o x - l n g e r s o l l - R o s s m o d e l h a s b e e n 
u s e d in a n u m b e r of r e c e n t a p p l i c a t i o n s in-
volving t h e v a l u a t i o n of i n t e r e s t - r a t e c o n t i n -
g e n t c l a i m s . Krishna R a m a s w a m y a n d S u r e s h 
M. S u n d a r e s a n ( 1 9 8 6 ) v a l u e f l o a t i n g - r a t e in-
s t r u m e n t s , which h a v e i n t e r e s t p a y m e n t s t h a t 
vary with c u r r e n t m a r k e t ra tes , us ing t h e Cox-
l n g e r s o l l - R o s s s i n g l e - f a c t o r m o d e l . T h e Cox-
l n g e r s o l l - R o s s m o d e l was a d a p t e d t o valuing 
t h e cash flows from s u c h i n s t r u m e n t s . Louis O. 
S c o t t ( 1 9 8 9 ) p r i c e s d e f a u l t - f r e e i n t e r e s t - r a t e 
c a p s using t h e V a s i c e k a n d C o x - l n g e r s o l l - R o s s 
s i n g l e - f a c t o r m o d e l s . J o h n Hul l a n d Alan 
W h i t e ( for thcoming) a p p l y m o d i f i e d v e r s i o n s 
of t h e V a s i c e k a n d C o x - l n g e r s o l l - R o s s m o d -
e l s t o p r i c e b o n d - o p t i o n s a n d i n t e r e s t - r a t e 
c a p s , w h i c h a r e d e r i v a t i v e i n s t r u m e n t s d e -
s i g n e d t o h e d g e f l o a t i n g - r a t e i n s t r u m e n t s . 
P e t e r A. A b k e n ( 1 9 9 0 ) u s e s t h e Cox- lngerso l l -
R o s s s i n g l e - f a c t o r m o d e l a s a c o m p o n e n t of a 
m o d e l t o p r i c e d e f a u l t - r i s k y i n t e r e s t - r a t e 
c a p s . S u n d a r e s a n ( 1 9 8 9 ) e m p l o y s t h e C o x -
l n g e r s o l l - R o s s m o d e l in his va luat ion m o d e l 
for i n t e r e s t - r a t e s w a p s , which a r e a l s o h e d g -
ing t o o l s t h a t h a v e n u m e r o u s forms a n d a p -
p l i c a t i o n s . A b a s i c u s e is t o c o n v e r t f i x e d - r a t e 
i n t e r e s t p a y m e n t s i n t o f l o a t i n g - r a t e p a y -
m e n t s (or v i c e versa ) . Longsta f f ( for thcoming) 
e x t e n d s t h e C o x - l n g e r s o l l - R o s s s i n g l e - f a c t o r 
m o d e l t o p r i c e o p t i o n s t h a t h a v e p a y o f f s 
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s p e c i f i e d in t e r m s o f y i e l d s r a t h e r t h a n 
p r i c e s . H i s p r e l i m i n a r y e m p i r i c a l w o r k 
d e m o n s t r a t e s that t h e m o d e l p r e d i c t s actual 
t r a d e d y i e l d o p t i o n p r i c e s with g r e a t e r a c c u -
r a c y t h a n o t h e r e x i s t i n g m o d e l s . A b k e n 
( f o r t h c o m i n g ) d e v e l o p s a s w a p v a l u a t i o n 
m o d e l that a l lows for d e f a u l t risk on t h e part 
o f p a r t i e s p a r t i c i p a t i n g in a s w a p . T h e 
Longsta f f y i e l d o p t i o n m o d e l is a c o m p o n e n t 
of his m o d e l . 

T h e s i n g l e - f a c t o r Ho a n d L e e m o d e l h a s 
b e e n e x t e n d e d i n t o b o t h d i s c r e t e - a n d 
c o n t i n u o u s - t i m e m u l t i f a c t o r m o d e l s b y 
David H e a t h , R o b e r t jarrow, a n d A n d r e w Mor-
ton (1987 , 1988) . L ike t h e Ho a n d L e e m o d e l , 
t h e H e a t h - J a r r o w - M o r t o n m o d e l s u s e all t h e 
in format ion in t h e current t e r m s t ructure , b u t 
t h e y d o s o in a m o r e s o p h i s t i c a t e d w a y , 
a v o i d i n g t h e d e f i c i e n c i e s of t h e Ho a n d L e e 
m o d e l . In part icular , t h e Heath- Jar row-Morton 
m o d e l s p r e c l u d e n e g a t i v e i n t e r e s t r a t e s a n d , 
s i n c e t h e y a r e mult i factor , d o n o t imply p e r -
fect ly c o r r e l a t e d b o n d - p r i c e m o v e m e n t s . T h e 
m o d e l s a r e s p e c i f i e d in t e r m s of t h e e v o l u -
t ion of t h e forward rate r a t h e r than t h e b o n d 
p r i c e a s in Ho a n d L e e . 

U n l i k e Ho a n d L e e ' s , t h e s e m o d e l s a r e 
p r e f e r e n c e f ree , a c h a r a c t e r i s t i c tha t t h e au-
t h o r s c i t e a s a m a j o r a d v a n t a g e o f t h e i r 
m e t h o d . Sti l l , "f i t t ing" t h e m o d e l s to t h e ac tu-
al forward-ra te c u r v e is p r o b l e m a t i c , a n d in-
a c c u r a c i e s a t t h i s s t e p b e c o m e r e l a y e d in to 
i n a c c u r a t e b o n d - o p t i o n pr ices . H e a t h , Jarrow, 
a n d M o r t o n ( 1 9 8 9 ) c o n d u c t e d an e m p i r i c a l 
t e s t of t h e e a r l i e r Heath- Jarrow-Morton (1987) 
m o d e l a n d f o u n d t h a t d e s p i t e s o m e p r o b -
l e m s , t h e t e s t s u p p o r t s t h e m o d e l ' s val idity. 

In a s i m i l a r v e i n , Phi l ip H. D y b v i g ( 1 9 8 8 ) 
s h o w s how t o fuse t h e Ho a n d L e e m o d e l (or, 
m o r e g e n e r a l l y , m o d e l s i n c o r p o r a t i n g t h e in-
format ion in t h e current t e r m s t ruc ture ) with 
s i n g l e - or m u l t i f a c t o r s t a t e v a r i a b l e m o d e l s . 
H e f inds t h a t a r e l a t i v e l y s i m p l e s i n g l e - f a c t o r 
hybr id m o d e l fits t h e t e r m s t r u c t u r e very well 
o v e r t i m e . 

R o b e r t R. B l i s s , J r . , a n d E h u d I. R o n n 
( 1 9 8 9 a ) h a v e a l s o e x t e n d e d a n d r e f i n e d t h e 
Ho a n d L e e a p p r o a c h b y i n c l u d i n g a s e t of 
s t a t e v a r i a b l e s t h a t a f fec t m o v e m e n t s in for-
ward r a t e s ( that is, t h e p e r t u r b a t i o n funct ion 
a n d t h e r i s k - n e u t r a l p r o b a b i l i t i e s a r e func-
t i o n s of t h e s t a t e v a r i a b l e s ) . T h e i r m o d e l i n g 

c h a n g e s e f f e c t i v e l y p r e v e n t t h e o c c u r r e n c e of 
n e g a t i v e i n t e r e s t r a t e s a s in t h e Ho a n d L e e 
m o d e l a n d al low for a m o r e f l e x i b l e m o d e l i n g 
o f i n t e r e s t - r a t e m o v e m e n t s . In B l i s s a n d 
Ronn ( 1 9 8 9 b ) t h e a u t h o r s t e s t t h e i r m o d e l by 
v a l u i n g a c t u a l o p t i o n s o n T r e a s u r y - b o n d 
f u t u r e s c o n t r a c t s . T h e r e s u l t s i n d i c a t e a 
s y s t e m a t i c d i s c r e p a n c y b e t w e e n m o d e l pre -
d i c t i o n s of o p t i o n p r i c e s a n d a c t u a l o p t i o n 
p r i c e s . A p o s s i b l e e x p l a n a t i o n for t h e b i a s 
( a s i d e from ac tua l o p t i o n s ' b e i n g m i s p r i c e d ) 
is tha t t h e i r e s t i m a t e d p e r t u r b a t i o n funct ions , 
b a s e d on p a s t o b s e r v e d forward-ra te m o v e -
m e n t s , d o n o t s u f f i c i e n t l y c a p t u r e a c t u a l 
m o v e m e n t s in forward r a t e s . 

N a o k i K i s h i m o t o ( 1 9 8 9 ) e x t e n d s t h e Ho 
a n d L e e m o d e l t o e n a b l e va luat ion o f a s s e t s 
such a s s t o c k o p t i o n s , c o n v e r t i b l e b o n d s , a n d 
j u n k b o n d s , f o r w h i c h r i sk s t e m s n o t o n l y 
f r o m f u t u r e i n t e r e s t - r a t e c h a n g e s b u t a l s o 
from o t h e r fac tors . T h e m o d e l c o m b i n e s t h e 
f e a t u r e s o f t h e Ho a n d L e e t e r m - s t r u c t u r e 
m o d e l with t h e C o x - R o s s - R u b i n s t e i n m e t h o d 
of m o d e l i n g a s s e t - p r i c e risk. 

Black, E m a n u e l D e r m a n , a n d Wil l iam T o y 
( 1 9 9 0 ) h a v e q u i t e r e c e n t l y d e v e l o p e d a n o t h -
e r var ia t ion on t h e Ho a n d L e e m o d e l . T h e i r 
m o d e l p o s i t s a t i m e - v a r y i n g volat i l i ty for t h e 
s p o t i n t e r e s t - r a t e p r o c e s s a n d a s s u m e s t h a t 
t h e s p o t r a t e is l o g - n o r m a l l y d i s t r i b u t e d , 
t h e r e b y p r e v e n t i n g t h e r e a l i z a t i o n of n e g a -
t i v e v a l u e s . L ike Ho a n d L e e ' s , t h i s m o d e l 
d o e s n o t g ive a s i m p l e formula for valuing e i -
t h e r b o n d s or i n t e r e s t - r a t e c o n t i n g e n t c l a i m s 
a n d c o n s e q u e n t l y m u s t b e i m p l e m e n t e d a s a 
c o m p u t e r a l g o r i t h m . 2 0 

Contingent Claims Pricing 

Having i n t r o d u c e d t h e Ho a n d L e e m o d e l , 
it is now e a s y t o i l lus trate how an o p t i o n can 
b e v a l u e d u s i n g t h i s m o d e l a n d , b y e x t e n -
s ion , any o t h e r t e r m - s t r u c t u r e m o d e l . C o n s i d -
e r a E u r o p e a n c a l l o p t i o n o n a d i s c o u n t 
b o n d — a t h r e e - m o n t h T r e a s u r y bill . A call is 
usual ly s p e c i f i e d in t e r m s of a b o n d ' s pr i ce . 
T h e o p t i o n g i v e s t h e h o l d e r t h e right t o buy 
t h e T-bi l l at a p r e s p e c i f i e d p r i c e u p o n expira -
t ion of t h e o p t i o n . T o m a k e m a t t e r s e a s y , t h e 
call is a s s u m e d t o b e E u r o p e a n s o that it m a y 
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b e e x e r c i s e d only u p o n exp i ra t ion , un l ike an 
Amer ican o p t i o n , which can a l s o b e e x e r c i s e d 
ear l i e r . T h e call in t h e i l lustrat ion is a s s u m e d 
to h a v e an 11 p e r c e n t s t r ike or, e q u i v a l e n t l y , 
a s t r i k e p r i c e of 0 . 9 7 3 (on a h y p o t h e t i c a l T-
bill with $1 f a c e v a l u e ) . T h e u n d e r l y i n g T-bi l l 
m a t u r e s t h r e e m o n t h s a f t e r t h e o p t i o n . ( N o t e 
that t h e o p t i o n c a n n o t m e a n i n g f u l l y e x p i r e at 
t h e s a m e t i m e a s t h e T-b i l l b e c a u s e t h e bi l l 's 
p r i c e is known with cer ta inty , t h a t is, its p r i c e 
e q u a l s its f a c e va lue . ) 

T h e o b j e c t of th is e x e r c i s e is to d e t e r m i n e 
t h e v a l u e of t h e call o p t i o n w h e n it h a s o n e 
y e a r r e m a i n i n g b e f o r e e x p i r a t i o n . T h e e a r l i e r 
e x a m p l e f rom Char t 3 g i v e s t h e s t a t e - p r i c e 
e v o l u t i o n for t h e T-bi l l tha t is r e l e v a n t for th is 
p r o b l e m . Chart 9 r e p e a t s t h e T-bi l l p r i c e t r e e 
b u t a l s o i n c l u d e s t h e o p t i o n p r i c e s a t e a c h 
n o d e of t h e t r e e . Again, t h e va luat ion p r o c e s s 
s tar ts from t h e e x p i r a t i o n d a t e a t t i m e 0. T h e 
ca l l o p t i o n h a s v a l u e o n l y w h e n t h e T - b i l l 
p r i c e is a b o v e t h e s t r i k e p r i c e o f 0 . 9 7 3 (or 
e q u i v a l e n t l y t h e a n n u a l i z e d bi l l r a t e is b e -
low 11 p e r c e n t ) . T h u s , t h e o n l y p o s i t i v e o p -
t i o n p a y o f f s o c c u r f o r t h e f i r s t t w o l o w e r 
e n t r i e s in t h e c o l u m n o n t h e far r ight . T h e 
r e s t of t h e c o m p u t a t i o n p r o c e e d s e x a c t l y a s 

it d i d in Char t 3, e x c e p t t h a t t h e cal l o p t i o n 
p a y o f f , n o t t h e bi l l p r i c e , is u s e d in r e c u r -
s i v e l y work ing b a c k t o t h e ini t ia l d a t e . T h e 
p r o b a b i l i t y - w e i g h t e d cal l o p t i o n p a y o f f s in 
t h e t i m e 0 c o l u m n a r e a v e r a g e d p a i r w i s e 
a n d d i s c o u n t e d u s i n g t h e t h r e e - m o n t h bi l l 
p r i c e c o r r e s p o n d i n g t o r e a l i z e d s t a t e p r i c e 
o n e p e r i o d e a r l i e r . T h a t bil l p r i c e , s h o w n in 
Chart 3, is d e r i v e d from Ho a n d L e e ' s formu-
la, which in turn is b a s e d on t h e initial t e r m 
s t r u c t u r e of i n t e r e s t ra tes . R e p e a t i n g t h e pro-
c e d u r e b a c k t o t h e p r e s e n t t i m e a t q u a r t e r 4 
b e f o r e e x p i r a t i o n g i v e s an o p t i o n p r i c e o f 
0 .00101 on a f a c e v a l u e of $1 . Mult iply ing b y 
$1 m i l l i o n t o b e s o m e w h a t m o r e r e a l i s t i c 
g i v e s a call o p t i o n p r i c e of $ 1 , 0 1 0 . This f igure 
c a n b e c o n v e r t e d i n t o an i n t e r e s t r a t e , e x -
p r e s s e d in b a s i s p o i n t s ( o n e - h u n d r e t h s of a 
p e r c e n t ) , b y d iv id ing b y 2 5 . 2 1 T h e r e f o r e , for 
e v e r y $1 mil l ion f a c e v a l u e of T -b i l l s , t h e call 
o p t i o n would c o s t 4 0 . 4 b a s i s p o i n t s . 

More accura te valuat ion would b e a c h i e v e d 
b y d i v i d i n g t h e t i m e i n t e r v a l t o e x p i r a t i o n 
m o r e finely than into four q u a r t e r s a n d t h e r e -
b y i n c r e a s i n g t h e n u m b e r of b r a n c h e s in t h e 
b i n o m i a l t r e e . S t i l l o t h e r m o d e l s c o u l d b e 
u s e d t o va lue t h e call o p t i o n ; however , t h e Ho 

Chart 9. 
Ho and Lee Model Contingent Claim Valuation 

Call Opt ion on T h r e e - M o n t h T-Bill P r i c e (S t r ike = . 9 7 3 or 1 1 % ) 
V a l u e O n e Y e a r b e f o r e Option Expirat ion = $ 1 , 0 1 0 or 4 0 . 4 B a s i s P o i n t s 
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and L e e m o d e l m a k e s t h e m e c h a n i c s of valua-
tion fairly t ransparent . 

Cox , l n g e r s o l l , a n d R o s s ( 1 9 8 5 b ) g i v e a 
c l o s e d - f o r m solut ion for opt ion p r i c e s b a s e d 
on the i r s ingle- factor m o d e l . 2 2 It is s imilar in 
form to t h e B l a c k - S c h o l e s opt ion-pr ic ing for-
m u l a a l t h o u g h m o r e c o m p l i c a t e d . F a r s h i d 
Jamshidian (1989) h a s d e r i v e d a c l o s e d - f o r m 
s o l u t i o n for pr ic ing b o n d o p t i o n s b a s e d on 
t h e s ingle- factor Vas icek m o d e l . This formula 
is much e a s i e r to u s e than t h e formula of Cox, 
lngerso l l , a n d R o s s . T h e c h o i c e of which to 
u s e is an empir ica l q u e s t i o n that is t h e s u b -
j e c t of current research . 

Conclusion 

T h i s a r t i c l e h a s g iven an i n t r o d u c t i o n to 
t h e new t y p e s of term-s t ructure m o d e l s that 
h a v e a p p e a r e d in t h e l a s t f i f t e e n y e a r s . 
T h e s e m o d e l s h a v e e v o l v e d n o t o n l y b e -
c a u s e of t h e o p t i o n - p r i c i n g r e v o l u t i o n trig-
g e r e d b y t h e B l a c k - S c h o l e s formula a n d its 
s t imulat ion of f inancial research but a l s o as a 
resul t of t h e rat ional e x p e c t a t i o n s a p p r o a c h 
in e c o n o m i c s a n d f i n a n c e . R e s e a r c h in t h i s 
f ield has a l so b e e n m o t i v a t e d by t h e g r e a t e r 
a s s e t - p r i c e volati l i ty that has charac ter ized fi-
n a n c i a l m a r k e t s in r e c e n t y e a r s . In o t h e r 
words, marke t d e m a n d has b e e n growing for 

t e r m - s t r u c t u r e m o d e l s t o h e l p in t h e valua-
t ion of increasingly c o m p l e x f inancial instru-
m e n t s such as i n t e r e s t - r a t e c a p s a n d swaps. 
It can b e e x p e c t e d that f inancial t h e o r y and 
p r a c t i c e will c o n t i n u e t o s p u r a d v a n c e s in 
o n e another . 

Much r e s e a r c h t i m e a n d m o n e y a r e cur-
rently b e i n g d e v o t e d to bui lding b e t t e r te rm-
structure and i n t e r e s t - r a t e c o n t i n g e n t c la ims 
p r i c i n g m o d e l s . T h e b e n e f i t s of i m p r o v e d 
m o d e l i n g h a v e b o t h a c a d e m i c and inte l lec tu-
al s igni f icance to financial r e s e a r c h e r s as well 
as dol lars and c e n t s payoffs to marke t practi-
t ioners . Part of this research effort is d e v o t e d 
to ref ining ex is t ing m o d e l s to g ive t h e b e s t 
" f i t " wi th a c t u a l m a r k e t b o n d a n d o p t i o n 
p r i c e s . A n u m b e r o f r e s e a r c h e r s h a v e e x -
p l o r e d t h e p e r f o r m a n c e a n d a c c u r a c y o f 
s o m e of t h e new t e r m - s t r u c t u r e m o d e l s . 2 3 It 
is b e y o n d t h e s c o p e of this art ic le to review 
the i r eva luat ions , b u t it is impor tant to n o t e 
t h a t t h e r e t e n d t o b e t r a d e - o f f s b e t w e e n 
e a s e of u s e and m o d e l accuracy. T h e t y p e of 
appl i ca t ion may a lso d e t e r m i n e which m o d e l 
is a p p r o p r i a t e : a s i m p l e s ingle - fac tor m o d e l , 
for e x a m p l e , may b e q u i t e a d e q u a t e for pric-
ing s h o r t - t e r m b o n d o p t i o n s , w h i l e m o r e 
e l a b o r a t e mult i factor m o d e l s may b e n e e d e d 
for a c c u r a t e pr ic ing of l o n g e r - t e r m o p t i o n s , 
w h i c h r e q u i r e g r e a t e r p r e c i s i o n in t e r m -
s t r u c t u r e m o d e l i n g . 

N o t e s 

'See Abken (1989) for an in t roduc t ion to in terest - ra te 
caps and Wall and Pringle (1988) or Smith, Smithson, 
and Wakeman (1988) for an i n t roduc t i on to in te res t -
rate swaps. 

2 Al though uncertainty is somet imes regarded as connot-
ing risks that are not measurable, risk and uncertainty 
here are cons idered synonymous. 

3The Cox-lngersoll-Ross term-structure mode l , which is 
discussed below, was used to generate these charts. 

4 Modig l ian i and Sutch also note that s imi lar considera-
t ions app ly to b o n d issuers (that is, borrowers). 

5The Black-Scholes formula per forms poor ly for va lu ing 
opt ions on bonds. The original mode l assumes (I) that 
the shor t - term interest rate is constant ( imp ly ing that 
the term structure is always flat) and (2) that the volat i l i -
ty of the asset return on which the op t ion is wr i t ten is 
constant. However, the volat i l i ty of a bond 's rate of re-
tu rn must d i m i n i s h to zero, because the b o n d pr ice 
must equal face value at maturi ty. The volat i l i ty cannot 

be reasonably assumed to be constant, unl ike a stock's. 
Schaefer and Schwartz (1987) modi fy the Black-Scholes 
equat ion by making a bond 's volat i l i ty propor t ional tc 
its durat ion, which results in a decreasing volat i l i ty that 
reaches zero upon maturi ty. Hul l and Whi te (1989) ex-
t e n d the Schaefer-Schwartz mode l to relax the assump-
t i o n o f a c o n s t a n t s h o r t - t e r m i n t e r e s t ra te . T h e s e 
extensions of Black-Scholes are "preference-free" mod-
els, which are d iscussed later in th is art icle. Ball and 
Torous's (1983) is ano ther in f luen t ia l , though f lawed, 
m o d e l in th is ve in that is a d i rec t an teceden t of the 
Schaefer-Schwartz and Hul l -Whi te models. 

6 S e e Ho and Lee (1986) for the deta i ls about the pertur-
bat ion funct ion and its der ivat ion. 

7 Measur ing such a shif t in risk aversion wou ld be very 
d i f f i cu l t , and, to the author 's knowledge, has not yet 
been a t t e m p t e d empir ica l ly 

8 These are by Vasicek (1977), Dothan (1978), Courtadon 
(1982), Richard (1978), Brennan and Schwartz (1979), 
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and Langet ieg (1980). The Cox-Ingersol l -Ross m o d e l 
first c i rculated in an unpub l i shed manuscr ip t da ted Ju-
ly 1977. 

9 See Black (1988) for Black's surprise and amusement at 
the con t i nu i ng p o p u l a r i t y of h is o r ig ina l m o d e l w i t h 
Scholes. He be l ieves that the or iginal mode l ' s h ighly 
res t r i c t i ve assumpt ions l im i t i ts usefu lness and sug-
gests modi f icat ions to make the mode l per form better. 

The Black-Scholes formula can also be de r i ved us-
ing d iscrete- t ime mathematics. See Cox, Ross, and Ru-
b inste in (1979). 

l 0See Dybvig (1988) for an analysis and extension of the 
Ho and Lee model . 

1 'More precisely, "cont inuous price dynamics" means that 
the under ly ing asset pr ice is assumed to fol low an Ito 
process. See )arrow and Rudd (1983) for an int roduct ion 
to op t ion pricing. 

l 2 See (arrow and Rudd (1983, chap. 7) for a more deta i led 
exposi t ion of the r isk-neutral i ty argument. 

l 3The standard deviat ions in the denominators are actu-
ally negative quant i t ies. The b o n d return standard devi-
at ion can be shown to be the product of the negative 
interest elastici ty of the b o n d price t imes the posi t ive 
standard dev iat ion of the spot interest rate. Therefore 
posi t ive excess return to volat i l i ty rat ios (and posi t ive 
risk premia in the term strucure) occur for negative val-
ues of X(r,f). 

l 4 l ngerso l l (1987, chaps. 17-18) gives a succinct, though 
techn i ca l , d i s cuss i on of v a l u a t i o n m e t h o d s w h e n a 
mode l ' s state var iables are not t raded assets. See Cox, 
Ingersol l , and Ross (1981, 772) for the general m e t h o d 
of forming a hedge por t fo l io for the i r mul t i fac tor te rm-
structure mode l . 

l 5 For r isk-neutral investors, r isk premia are zero on ly in 
specia l cases. Cox, Ingersol l , and Ross (1981) show that 
o n e case is t h e t r i v ia l o n e w h e r e i n te res t rates are 
n o n r a n d o m (782-83). A n o t h e r spec ia l case r e q u i r e s 
t h a t t h e c o v a r i a n c e o f t h e b o n d ' s r e t u r n w i t h t h e 
m a r g i n a l u t i l i t y o f w e a l t h is ze ro . In g e n e r a l t h i s 
covariance wi l l not be zero and risk p rem ia wi l l exist. 
These authors also show that a suf f ic ient cond i t i on for 
the loca l -expecta t ions hypo thes is to p reva i l for risk-
averse investors is that they have logar i thmic , state-
i n d e p e n d e n t u t i l i t y (783). 

I 6 l n words , lensen 's i nequa l i t y s tates tha t the mathe-
matical expecta t ion of a concave funct ion of a random 
var iable is less than the value of the concave funct ion 

eva lua ted at the mean of the random var iable. The in-
equa l i t y re la t ionsh ip is reversed for a convex funct ion. 
See Cox, Ingersol l , and Ross (1981, 776-77) for an anal-
ysis of t h e e f fec t of Jensen's i n e q u a l i t y on d i f f e ren t 
f o r m s of t h e e x p e c t a t i o n s h y p o t h e s i s . See F ischer 
(1975, 513) for a s imp le example of lensen's inequa l i t y 
that is also pe r t i nen t to the term-st ructure case. 

l 7 Campbe l l (1986) argues that the d iscrepancy between 
forward and expected future spot rates is mathemat i -
cally a second-order effect and can be ignored in do ing 
empir ica l work. Using his l inear ized framework for anal-
ysis of the term structure, the d i f ferences among term 
structure theor ies s tud ied by Cox, Ingersoll, and Ross 
(1981) d isappear. 

l 8 See Cox, Ingersoll, and Ross (1985b, 398) for a s imp le 

example of how an arbi trage oppor tun i t y cou ld arise. 
l 9 As a future research topic, it might be interest ing to ex-

tend Richard's mode l to al low for the impact of mone-
t a r y p o l i c y o n t h e t e r m s t r u c t u r e . For e x a m p l e , 
ant ic ipated inf lat ion cou ld be spec i f ied as a funct ion of 
cu r ren t or lagged s h o r t - t e r m i n t e res t rates. Th is or 
some o ther t ype of react ion funct ion cou ld p robab l y 
be incorporated as a first s tep in mode l i ng the effects 
of monetary pol icy. 

2 0See Hul l and Whi te ( forthcoming) for the cont inuous-
t ime fo rmula t ion of bo th the Ho and Lee mode l and 
the Black-Derman-Toy mode l . Dybv ig (1988) also gives 
a cont inuous- t ime version of Ho and Lee. 

2 l T h e va lue of a basis po in t is d e r i v e d first by d i v i d i n g 
$1 m i l l i o n by 10,000 ( the n u m b e r of basis po in t s in 
100 percen t ) t o g ive $100 p e r basis p o i n t per year. 
The u n d e r l y i n g asset, the T -b i l l , has a t h r e e - m o n t h 
m a t u r i t y ; t h e r e f o r e , t h e v a l u e of a bas is p o i n t p e r 
quar te r is $25. 

22A c losed- form so lu t ion is a formula that is " ready" to 
eva lua te , g iven the m o d e l ' s parameters . In contrast , 
many m o d e l s , such as Ho and Lee o r B rennan and 
Schwartz, requi re numerical methods to arrive at b o n d 
or cont ingent claim prices. 

2 3This work inc ludes that of Marsh and Rosenfeld (1983), 
B r o w n a n d D y b v i g (1986), D i e t r i c h - C a m p b e l l a n d 
Schwartz (1986), Dybv ig (1988), Longstaff (1989), Heath, 
Jarrow, a n d M o r t o n (1989), Bl iss and Ronn (1989a), 
Pearson a n d Sun (1989), Buser , H e n d e r s h o t t , and 
Sanders (1990), Chen and Scott (1990), and Hu l l and 
Whi te (forthcoming). 
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Recent Views of Viewing the 
Real Rate of Interest 

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. 

In t e r e s t r a t e s p l a y a p i v o t a l r o l e in d e -
t e r m i n i n g e c o n o m i c a c t i v i t y , a n d t h u s 
t h e b e h a v i o r o f t h e r e a l , o r i n f l a t i o n -

a d j u s t e d , r a t e o f i n t e r e s t is c e n t r a l t o u n d e r -
s t a n d i n g m a c r o e c o n o m i c d y n a m i c s . I n v e s t m e n t 
e x p e n d i t u r e s , c o n s u m e r d u r a b l e e x p e n d i -
t u r e s , a n d s a v i n g a r e p a r t i c u l a r l y s e n s i t i v e t o 
m o v e m e n t s in r e a l r a t e s of i n t e r e s t . 

T h i s a r t i c l e i s a n a t t e m p t t o u n d e r s t a n d 
r e c e n t d e v e l o p m e n t s in e c o n o m i c t h e o r y re -
l a t i n g t o t h e r e a l r a t e o f i n t e r e s t a n d , in p a r -
t i c u l a r , t h e a b i l i t y o f t h e m o n e t a r y a u t h o r i t y 
t o i n f l u e n c e it. S e v e r a l p e r s p e c t i v e s d e s e r v e 
a t t e n t i o n . If r e a l p r o c e s s e s a n d p r e f e r e n c e s 

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. 

within t h e e c o n o m y g i v e r i s e t o t h e r e a l r a t e , 

t h e r e a l r a t e t h e n c o n v e y s i n f o r m a t i o n a b o u t 

t h e e c o n o m y ' s p r e f e r e n c e f o r c o n s u m p t i o n 

n o w r a t h e r t h a n in t h e f u t u r e ( t h a t is , it r e p -

r e s e n t s t h e i n t e r t e m p o r a l m a r g i n a l r a t e o f 

s u b s t i t u t i o n ) . If t h e r e a l r a t e is t h o u g h t o f a s 

t h e m a r g i n a l p r o d u c t o f c a p i t a l , it p r o v i d e s 

i n f o r m a t i o n a b o u t t h e p o t e n t i a l p r o f i t a b i l i t y 

o f i n v e s t m e n t . In e i t h e r c a s e t h e m o n e t a r y 

a u t h o r i t y h a s n o i n f l u e n c e o v e r t h e r e a l r a t e 

p r o c e s s . If t h e r e a l r a t e is v i e w e d a s b e i n g 

t h e o u t c o m e o f a m a r k e t for l o a n a b l e f u n d s , 

h o w e v e r , m o n e t a r y p o l i c y d o e s g a i n s o m e 

i n f l u e n c e o v e r i t s b e h a v i o r . F i n a l l y , if t h e 

e c o n o m y is s m a l l r e l a t i v e t o t h e r e s t o f t h e 

w o r l d a n d o p e n t o i n t e r n a t i o n a l c a p i t a l 

f l o w s , t h e r e a l r a t e m a y b e i n f l u e n c e d b y , 

a n d i n d i c a t e s o m e t h i n g a b o u t , r e l e v a n t 

w o r l d c o n d i t i o n s . 
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U n d e r s t a n d i n g t h e rea l r a t e of i n t e r e s t h a s 
b e e n q u i t e p r o b l e m a t i c e v e r s i n c e I r v i n g 
F i s h e r ( 1 9 3 0 ) m a d e t h e d i s t i n c t i o n b e t w e e n 
t h e e x a n t e a n d t h e e x p o s t r e a l r a t e of i n t e r -
e s t . B e c a u s e t h e e x p o s t rea l r a t e o f i n t e r e s t 
is s i m p l y t h e n o m i n a l r a t e of i n t e r e s t l e s s t h e 
r a t e o f i n f l a t i o n , it c a n b e o b s e r v e d . In c o n -
t r a s t , t h e e x a n t e r e a l r a t e c a n n o t b e o b -
s e r v e d b e c a u s e it i s t h e n o m i n a l r a t e o f 
i n t e r e s t m i n u s t h e e x p e c t e d r a t e o f i n f l a t i o n . 
T h e e x a n t e r e a l r a t e is t h e o n e t h a t i n f l u -
e n c e s e c o n o m i c d e c i s i o n s a n d s h o u l d b e 
t h o u g h t o f a s t h e r e a l r a t e o f i n t e r e s t e v e n 
with t h e o b v i o u s p r o b l e m it p r e s e n t s . 

A r e c e n t s o l u t i o n t o t h e d i l e m m a p o s e d b y 
t h e e x a n t e rea l r a t e ' s b e i n g u n o b s e r v a b l e fo-
c u s e s o n t h e p r o b l e m o f e x p e c t a t i o n f o r m a -
t i o n a n d i m p o s e s s o m e r e s t r i c t i o n s o n t h a t 
p r o c e s s in o r d e r t o a p p r o x i m a t e an e x a n t e 
r e a l r a t e o f i n t e r e s t s e r i e s . T h i s a r t i c l e p r o -
v i d e s a n o v e r v i e w o f t h e t h e o r y b e h i n d t h e 
p r o b l e m , f o l l o w e d b y a d i s c u s s i o n of t h e p r o -
p o s e d s o l u t i o n a n d t h e i m p l i c a t i o n s of t h e re-
s t r i c t i o n s it i m p o s e s . T h e c o n c l u d i n g s e c t i o n s 
p r e s e n t a p p l i c a t i o n s o f t h e s o l u t i o n , i n c l u d i n g 
r e c e n t r e s e a r c h b a s e d o n a s m a l l , o p e n i n g 
e c o n o m y , a n d s u m m a r i z e t h e r o l e o f t h e m o n -
e t a r y a u t h o r i t y in r e l a t i o n t o rea l i n t e r e s t r a t e s . 

Economic Theory and the Real Rate 
of Interest 

In F i s h e r ' s ( 1 9 3 0 ) d i v i s i o n o f n o m i n a l i n t e r -
e s t r a t e s , h e c l a i m e d t h a t t h e n o m i n a l ( o b -
s e r v e d ) r a t e of i n t e r e s t , i, w a s c o m p o s e d o f 
t h e rea l r a t e of i n t e r e s t , rr; an a d j u s t m e n t for 
t h e in f la t ion ( d e n o t e d b y t t ) t h a t w a s e x p e c t -
e d t o o c c u r o v e r t h e r e l e v a n t t i m e p e r i o d , 7re; 
a n d t h e c r o s s p r o d u c t o f t h e two, ve x rr. T h u s 
t h e b a s i c F i s h e r e q u a t i o n is 

i = rr + ire + ( ir e) (rr). 

M o s t e m p i r i c i s t s i g n o r e t h e c r o s s - p r o d u c t 
t e r m s i n c e it is q u i t e s m a l l u n d e r c o n d i t i o n s 
of m o d e s t in f la t ion a n d rea l r a t e s of i n t e r e s t . 1 

T h e r e s u l t i n g e q u a t i o n for t h e rea l r a t e o f in-
t e r e s t is 

rr = i - tf. 

T h e r e a r e t w o p r e v a l e n t m i s u s e s o f t h e 
F i s h e r e q u a t i o n . First , a s s u m i n g t h a t t h e rea l 
r a t e is c o n s t a n t ( u s u a l l y 2 o r 3 p e r c e n t ) , a n y 
c h a n g e in n o m i n a l i n t e r e s t r a t e s c o u l d b e in-
t e r p r e t e d a s a c h a n g e in e x p e c t e d i n f l a t i o n . 
Al though m a n y c la im t h a t t h e rea l r a t e o f in ter -
e s t m a y b e c o n s t a n t o v e r t h e l o n g run, draw-
i n g i n f e r e n c e s a b o u t e x p e c t e d i n f l a t i o n in 
shor t - run a n a l y s i s f r e q u e n t l y r e s u l t s in error . 

A m o r e p r o b l e m a t i c m i s a p p l i c a t i o n o f 
F i s h e r ' s w o r k is t h e s u b s t i t u t i o n o f observed 
r a t e s of in f la t ion (as in e x p o s t r e a l r a t e s o f in-
t e r e s t ) for expected r a t e s (as in e x a n t e r a t e s ) in 
t h e c o n s t r u c t i o n of a rea l r a t e o f i n t e r e s t s e -
r i e s . A l t h o u g h t h e t w o a r e n o t i n t e r c h a n g e -
a b l e , t h e s u b s t i t u t i o n i s f r e q u e n t l y m a d e 
b e c a u s e of t h e p r o b l e m a s s o c i a t e d with o b -
s e r v i n g t h e e x p e c t e d r a t e o f i n f l a t i o n . 2 T h e 
d i f f e r e n c e b e t w e e n t h e e x p o s t a n d e x a n t e 
r a t e is t h e f o r e c a s t e r r o r f o r i n f l a t i o n d u r i n g 
t h e p e r i o d in q u e s t i o n , a n d t h i s e r r o r c a n b e 
s u b s t a n t i a l , a s m a y h a v e b e e n t h e c a s e o f 
f i x e d - r a t e m o r t g a g e s in t h e 1960s . Dur ing t h a t 
t i m e , t h e e x p o s t r a t e o f re turn o n m o r t g a g e s 
s e e m e d t o b e n e g a t i v e , b y a l a r g e m a r g i n , 
a n d it s e e m s u n l i k e l y t h a t l e n d e r s w o u l d 
h a v e m a d e f i x e d - r a t e l o a n s o n t h e b a s i s o f 
n e g a t i v e e x a n t e r a t e s . 

B e f o r e d e v e l o p i n g t h e i s s u e o f t h e s u b s t i -
t u t a b i l i t y o f t h e e x p o s t for t h e e x a n t e r e a l 
r a t e a n d t h e a s s u m p t i o n s a n d r e s t r i c t i o n s t h a t 
t h e s u b s t i t u t i o n i m p l i e s , an o v e r v i e w o f vari-
o u s t h e o r i e s of t h e rea l i n t e r e s t r a t e ' s b e h a v -
ior is in o r d e r . T h e t h e o r i e s p r o v i d e a l t e r n a t i v e 
a p p r o a c h e s t o i n t e r p r e t i n g m o v e m e n t s in t h e 
r e a l i n t e r e s t r a t e a n d t o a s s e s s i n g t h e e f f e c -
t i v e n e s s of p o l i c y , par t i cu lar ly m o n e t a r y po l i -
cy, in i n f l u e n c i n g t h e real r a t e . 

T h e m o s t f a m i l i a r c l a s s of m o d e l w h e r e i n 
m o n e t a r y p o l i c y — t h e a c t i o n s o f t h e c e n t r a l 
b a n k — h a s a n y i n f l u e n c e o v e r t h e r e a l i n t e r -
e s t r a t e is t h e K e y n e s i a n " l i q u i d i t y e f f e c t , " 
w h i c h v i e w s t h e r a t e of i n t e r e s t a s r e p r e s e n t -
ing t h e p r i c e o f h o l d i n g o n t o m o n e y . F r o m 
t h i s p e r s p e c t i v e , it f o l l o w s t h a t a r e l a t i v e in-
c r e a s e in t h e m o n e y s u p p l y s h o u l d l o w e r in-
t e r e s t r a t e s . 

A p r o b l e m with t h i s a p p r o a c h , h o w e v e r , i s 
t h a t t h e K e y n e s i a n p a r a d i g m h a s t r o u b l e a c -
c o u n t i n g for i n f l a t i o n . T h e K e y n e s i a n w o r l d is 
o n e in w h i c h p r i c e s a r e e s s e n t i a l l y f i x e d . In a 
f i x e d - p r i c e w o r l d — w i t h o u t in f la t ion a n d t h u s 
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w i t h o u t a n y in f la t ion p r e m i u m — a d e c r e a s e 
in " t h e ra te o f i n t e r e s t " is e q u i v a l e n t to a d e -
c r e a s e in t h e r e a l i n t e r e s t ra te . T h e i d e a o f 
f i x e d p r i c e s m a y b e a u s e f u l a s s u m p t i o n in 
c e r t a i n s i t u a t i o n s b u t c lear ly is i n a p p r o p r i a t e 
for c o n t e m p o r a r y t h i n k i n g a b o u t t h e e f f e c t s 
of m o n e y s u p p l y i n c r e a s e s . B e c a u s e of t h i s 
s h o r t c o m i n g , t h e K e y n e s i a n m o d e l h a s fa l len 
out of favor for po l i cy a n a l y s i s . 3 

T h e m o n e t a r y authori ty a l s o h a s s o m e influ-
e n c e o v e r t h e real ra te of i n t e r e s t in t h e loan-
a b l e funds m o d e l , according t o which t h e real 
rate of i n t e r e s t is t h e o u t c o m e of m a r k e t inter-
act ion b e t w e e n savers , who s u p p l y funds, a n d 
borrowers , who d e m a n d funds. T h e real inter-
e s t rate is t h e p r i c e t h a t a d j u s t s to c l e a r t h e 
m a r k e t , with a g g r e g a t e inf lat ion e x p e c t a t i o n s 
s i m p l y a d d e d t o t h e real ra te o u t c o m e . 

In th is m o d e l t h e m o n e t a r y author i ty e x e r t s 
i t s i n f l u e n c e o v e r t h e rea l ra te in two ways . 
First, b y c o n d u c t i n g o p e n m a r k e t o p e r a t i o n s 
t h e centra l b a n k d i rec t ly e n t e r s t h e m a r k e t t o 
p u r c h a s e or se l l s e c u r i t i e s . S e c o n d , t o t h e e x -
t e n t t h a t t h e c e n t r a l b a n k can i n f l u e n c e t h e 
o p e r a t i o n s of o t h e r f inanc ia l i n t e r m e d i a r i e s , 
usual ly through r e s e r v e r e q u i r e m e n t s , it can 
i n d u c e o t h e r s t o p r o v i d e funds to t h e m a r k e t , 
t h e r e b y in f luenc ing t h e real rate . 

A m o r e p r e v a l e n t w a y of t h i n k i n g a b o u t 
t h e real i n t e r e s t ra te c e n t e r s on t h e real s i d e 
of t h e e c o n o m y a n d e q u a t e s t h e real i n t e r e s t 
ra te with t h e marginal p r o d u c t of cap i ta l ( t h e 
o u t p u t a s s o c i a t e d with a d d i n g o n e a d d i t i o n a l 
unit of cap i ta l t o t h e e c o n o m y ) . T h e a r g u m e n t 
is t h a t if t h i s m a r g i n a l p r o d u c t o f c a p i t a l is 
g r e a t e r than t h e real ra te of i n t e r e s t , borrow-
ing t h e m o n e y t o a d d t o t h e capi ta l s t o c k is 
p r o f i t a b l e . T h e a g e n t m a k i n g t h e i n v e s t m e n t 
m u s t p a y t h e real r a t e of i n t e r e s t on t h e d e b t 
c r e a t e d t o p u r c h a s e t h e capi ta l b u t r e c e i v e s 
t h e a d d i t i o n a l o u t p u t , t h e rea l re turn , f rom 
t h a t a d d e d cap i ta l . T h e d i f f e r e n c e is profit t o 
t h e i n v e s t i n g a g e n t . As long a s t h e prof i ts a r e 
p o s i t i v e — t h a t is, a s long a s t h e real i n t e r e s t 
r a t e is l e s s t h a n t h e real return on t h a t inves t -
m e n t ( the marginal p r o d u c t of c a p i t a l ) — a d d i -
t ional i n v e s t m e n t will c o n t i n u e b e c a u s e it is 
p r o f i t a b l e . 

As t h e a d d i t i o n a l i n v e s t m e n t o c c u r s , two 
t h i n g s h a p p e n . First, t h e d e m a n d for cap i ta l 
b i d s u p t h e rea l i n t e r e s t r a t e . At t h e s a m e 
t i m e , t h e a d d i t i o n a l i n v e s t m e n t d r i v e s down 

t h e m a r g i n a l p r o d u c t of c a p i t a l , d e c r e a s i n g 
t h e prof i tab i l i ty of a d d e d cap i ta l . T h e i n v e s t -
m e n t p r o c e s s e n d s w h e n r e a l p r o f i t a b i l i t y 
r e a c h e s z e r o ( t h a t i s , w h e n t h e m a r g i n a l 
p r o d u c t of cap i ta l e q u a l s t h e real r a t e of in-
t e r e s t ) . 

T h e marginal p r o d u c t of capi ta l m o d e l h a s 
g a i n e d p o p u l a r i t y b e c a u s e of i ts e x p l a n a t o r y 
p o w e r . It r e s u l t s f r o m g e n e r a l e q u i l i b r i u m 
m o d e l s , which a t t e m p t t o d e s c r i b e an e n t i r e 
e c o n o m y a n d c a n p o r t r a y t h e i n t e r a c t i o n 
a m o n g v a r i o u s m a r k e t s a n d p o t e n t i a l t r a n s -
m i s s i o n of d i s t u r b a n c e s f rom o n e s e c t o r t o 
t h e res t of an e c o n o m i c s y s t e m . For e x a m p l e , 
any d i s t u r b a n c e t o i n d i v i d u a l s ' s a v i n g s pref -
e r e n c e s will s h o w u p a s d i s t u r b a n c e s in t h e 
real i n t e r e s t ra te a n d thus in t h e a m o u n t 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)." 

v e s t m e n t u n d e r t a k e n in t h e a g g r e g a t e e c o n o -
my. S imi lar ly , t e c h n o l o g i c a l i n n o v a t i o n s t h a t 
r a i s e t h e m a r g i n a l p r o d u c t o f c a p i t a l w o u l d 
s t i m u l a t e i n v e s t m e n t , a n d d i s t u r b a n c e s t o t h e 
s u p p l y o f p r o d u c t i o n i n p u t s ( o i l s u p p l y 
s h o c k s , for e x a m p l e ) would a l t e r t h e p r o d u c -
tivity of capi ta l , a f fect ing i n v e s t m e n t a n d t h e 
real rate . 

In t h e m a r g i n a l p r o d u c t of c a p i t a l m o d e l 
on ly real fac tors i n f l u e n c e t h e real ra te of in-
t e r e s t . Pure ly n o m i n a l d i s t u r b a n c e s h a v e n o 
e f f e c t . In K e y n e s i a n t e r m i n o l o g y , it is a s if t h e 
e c o n o m y s u f f e r e d n o " m o n e y i l lus ion. " What 
m a t t e r s is n o t m o n e y p r i c e s b u t real p r i c e s , 
a s t h o u g h e v e r y o n e in t h e e c o n o m y c o u l d 
i m m e d i a t e l y u n d e r s t a n d t h e d i s t i n c t i o n b e -
t w e e n g e n e r a l c h a n g e s in t h e p r i c e l e v e l — 
s i m p l e i n f l a t i o n — a n d r e l a t i v e c h a n g e s in t h e 
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p r i c e s of g o o d s , r e p r e s e n t i n g s o m e rea l dif-
f e r e n c e in t h e e c o n o m y . 

M o d i f i c a t i o n s t o t h e m a r g i n a l p r o d u c t o f 
c a p i t a l m o d e l g i v e t h e m o n e t a r y a u t h o r i t y 
s o m e i n f l u e n c e , a l b e i t t e m p o r a r y , o v e r t h e 
real r a t e o f i n t e r e s t b y a s s u m i n g t h a t e c o -
n o m i c a g e n t s c a n n o t m a k e t h e a b o v e d i s t inc -
tion correc t ly a n d i n s t a n t a n e o u s l y . During t h e 
p e r i o d in which e c o n o m i c a g e n t s a r e s o r t i n g 
out r e l a t i v e p r i c e c h a n g e s from g e n e r a l p r i c e 
l e v e l c h a n g e s , t h e m o n e t a r y a u t h o r i t y m a y 
i n f l u e n c e t h e r e a l r a t e . U l t i m a t e l y , w h e n 
a g e n t s u n d e r s t a n d t h e c h a n g e s a n d h a v e full 
and c o m p l e t e in format ion , t h e m o n e t a r y au-
thori ty l o s e s contro l o v e r any real f a c e t of t h e 
e c o n o m y a n d h a s i n f l u e n c e o v e r o n l y t h e 
n o m i n a l p r i c e l e v e l . 

"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." 

T h e c e n t r a l t h e m e of t h i s " p o l i c y i n e f f e c -
t i v e n e s s " resul t is tha t t h e m o n e t a r y author i -
ty h a s n o i n f l u e n c e o v e r real act iv i ty e x c e p t 
w h a t t h e s e i n f o r m a t i o n a l d i s p a r i t i e s m a k e 
p o s s i b l e . 4 Addi t iona l a s s u m p t i o n s a b o u t how 
t h e e c o n o m y l e a r n s o v e r t i m e c o u l d m a k e 
t h e s e i n f o r m a t i o n a l d i s p a r i t i e s q u i t e s h o r t -
l i v e d a n d r e d u c e t h e m o n e t a r y a u t h o r i t y ' s 
contro l t o t h a t of t h e inf lat ion ra te only. 

If in fact t h e m o n e t a r y author i ty i n f l u e n c e s 
only t h e inflat ion ra te , t h e F i s h e r e q u a t i o n in-
d i c a t e s t h a t t h e r e will b e a s o m e w h a t p e r -
v e r s e e f f e c t on t h e o b s e r v e d n o m i n a l i n t e r e s t 
r a t e s : a p o l i c y of m o n e t a r y e a s e ( s u p p l y i n g 
re la t ive ly m o r e m o n e y ) would r e s u l t in h i g h e r 
n o m i n a l i n t e r e s t r a t e s a s t h e m a r k e t s t r a n s -
l a t e t h e f a s t e r growth rate of m o n e y into high-
e r e x p e c t e d inf lat ion. 

In p r i n c i p l e , t h e d i f f e r e n c e b e t w e e n t h i s 
m o d e l a n d t h e K e y n e s i a n m o d e l can b e t e s t -
e d e m p i r i c a l l y . T h o m a s ). C u n n i n g h a m ( 1 9 8 7 ) 
d e s c r i b e d t h e d i f f i cu l t ies of d e t e c t i n g l iquidi -
ty e f f e c t s a n d c o n c l u d e d t h a t m o d e l s a l low-
i n g t h e m o n e t a r y a u t h o r i t y i t s p e r v e r s e 
i n f l u e n c e on i n t e r e s t r a t e s a r e g e n e r a l l y t h e 
m o s t a p p r o p r i a t e for d e s c r i b i n g t h e e c o n o -
my; t h a t is, it is largely a c c e p t e d t h a t t h e real 
ra te of i n t e r e s t is b e y o n d t h e i n f l u e n c e , e v e n 
in t h e s h o r t run, of t h e m o n e t a r y a u t h o r i t y . 
S o m e r e c e n t e v i d e n c e c h a l l e n g e s t h i s v iew, 
h o w e v e r , a n d will b e d i s c u s s e d b e l o w . 

An a l t e r n a t i v e way to view t h e real i n t e r e s t 
ra te in a g e n e r a l e q u i l i b r i u m s e t t i n g is t o e n -
v i s i o n t h e real return on sav ing a s a r e w a r d 
f o r a b s t a i n i n g f r o m c o n s u m p t i o n . I m a g i n e 
that a t t h e e n d of t h e p r o d u c t i o n c y c l e t h e r e 
e x i s t s a s e t of g o o d s t h a t can e i t h e r b e c o n -
s u m e d d i r e c t l y or i n v e s t e d in t h e n e x t p r o -
d u c t i o n c y c l e . F i r m s w a n t t h e o u t p u t t o b e 
i n v e s t e d p r o d u c t i v e l y a n d a r e willing t o of fer 
a r e a l r e w a r d t o c o n s u m e r s wil l ing t o forgo 
s o m e c o n s u m p t i o n . T h e r e w a r d is t h e r e a l 
r a t e o f i n t e r e s t . As d i s c u s s e d e a r l i e r , f i r m s 
will b e willing to offer a real return u p t o t h e 
v a l u e of t h e marginal p r o d u c t of cap i ta l . 

T h e c o n s u m e r , on t h e o t h e r h a n d , m u s t 
weigh t h e v a l u e of c o n s u m p t i o n now a g a i n s t 
i ts v a l u e later . B e c a u s e future c o n s u m p t i o n is 
l e s s d e s i r a b l e t o c o n s u m e r s , t h e y m u s t b e in-
d u c e d t o d e l a y s o m e c o n s u m p t i o n b y b e i n g 
g i v e n t h e p o t e n t i a l for g r e a t e r c o n s u m p t i o n 
in t h e f u t u r e — t h e real return on sav ings . 

From t h e c o n s u m p t i o n s t a n d p o i n t , th is real 
ra te of i n t e r e s t r e p r e s e n t s c o n s u m e r s ' ra te of 
t i m e p r e f e r e n c e for c o n s u m p t i o n now v e r s u s 
c o n s u m p t i o n later . If t h e real i n t e r e s t ra te is 
h igher than a c o n s u m e r ' s ra te of t i m e pre fer -
e n c e , t h e c o n s u m e r will s a v e m o r e b e c a u s e 
t h e u l t i m a t e reward for sav ing is c o n s i d e r e d 
re la t ive ly large. By t h e s a m e t o k e n , if t h e real 
i n t e r e s t ra te is l e s s t h a n t h e ra te of t i m e pref-
e r e n c e , t h e c o n s u m e r will s a v e l e s s . 

U l t i m a t e l y t h e rea l r a t e of i n t e r e s t m u s t 
c o i n c i d e with t h e e c o n o m y ' s a g g r e g a t e ra te of 
t i m e p r e f e r e n c e — a real fac tor o v e r which t h e 
m o n e t a r y author i ty h a s no e f f e c t . T a k e n with 
t h e d e m a n d for cap i ta l d i s c u s s e d a b o v e , t h e 
real i n t e r e s t ra te grows out of t h e i n t e r a c t i o n 
b e t w e e n t h e marginal p r o d u c t of cap i ta l a n d 
t h e a g g r e g a t e ra te of t i m e p r e f e r e n c e , n e i t h e r 
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of which t h e centra l b a n k i n f l u e n c e s . T h e real 
r a t e of i n t e r e s t is, a c c o r d i n g t o t h e l o g i c of 
th is m o d e l , e x o g e n o u s to m o n e t a r y pol i cy . 

T h u s far t h e d i s c u s s i o n of t h e b e h a v i o r of 
real i n t e r e s t r a t e s h a s a s s u m e d an e c o n o m y 
that is not o p e n to internat ional capita l flows. 
Particularly a s t h e e c o n o m i e s of t h e world are 
b e c o m i n g i n c r e a s i n g l y i n t e g r a t e d , t h i s a s -
s u m p t i o n can b e m i s l e a d i n g . T h e impl i ca t ions 
of an o p e n e c o n o m y for m o n e t a r y pol icy a n d 
t h e real ra te of i n t e r e s t h i n g e on t h e t y p e of 
e x c h a n g e ra te r e g i m e t o which t h e m o n e t a r y 
authori ty c o m m i t s itself: a f ixed e x c h a n g e rate, 
tying t h e v a l u e of t h e c u r r e n c y t o that of an-
o t h e r currency, a b a s k e t of currenc ies , or s o m e 
c o m m o d i t y ; or a f l ex ib le e x c h a n g e rate, where-
b y m a r k e t forces d e t e r m i n e t h e in ternat ional 
va lue of d o m e s t i c m o n e y . 

O p e r a t i n g u n d e r a f ixed e x c h a n g e - r a t e sys-
t e m , t h e m o n e t a r y authori ty will u s e m o n e t a r y 
pol icy t o s t a b i l i z e t h e currency 's internat ional 
v a l u e . 5 C o m m i t t e d t o t h i s e x c h a n g e - r a t e 
r e g i m e , m o n e t a r y pol icy c a n n o t d e v i a t e from 
a c o u r s e of k e e p i n g e x c h a n g e r a t e s c o n s t a n t . 
C o n s e q u e n t l y , m a n y q u e s t i o n s c o n c e r n i n g 
t h e i n f l u e n c e of t h e m o n e t a r y a u t h o r i t y b e -
c o m e m o o t . P r o b l e m s of t h e d o m e s t i c e c o n o -
m y ' s p r i c e l e v e l s tab i l i ty a n d m o v e m e n t s in 
t h e real i n t e r e s t ra te are b e y o n d t h e i m m e d i -
a t e c o n c e r n o f t h e m o n e t a r y a u t h o r i t y a n d 
a r e r e s o l v e d b y i n t e r a c t i o n with t h e r e s t of 
t h e world. Any d i f f e r e n c e in t h e d o m e s t i c real 
r a t e of i n t e r e s t from t h e world real ra te would 
i m m e d i a t e l y b e a r b i t r a g e d away b y a suff i -
c i e n t l y large flow of cap i ta l toward t h e re la -
t i v e l y h i g h e r return. 

F l e x i b l e e x c h a n g e r a t e s , o n t h e o t h e r 
h a n d , a l l o w m o n e t a r y a u t h o r i t i e s t o p u r -
s u e a m o n e t a r y po l i cy i n d e p e n d e n t of p u r e 
e x c h a n g e - r a t e c o n s i d e r a t i o n s . B e c a u s e t h e 
m o n e t a r y author i ty d o e s not h a v e t o c o n d u c t 
p o l i c y in a m a n n e r e x c l u s i v e l y d e s i g n e d t o 
s t a b i l i z e t h e e x c h a n g e rate, it is f r e e t o pur-
s u e o t h e r g o a l s . I n d e e d , a m a j o r i m p e t u s for 
t h e b r e a k d o w n of t h e p o s t - W o r l d W a r II Bret -
t o n W o o d s a g r e e m e n t ( e s t a b l i s h i n g a f ixed-
ra te r e g i m e ) was t h e difficulty of c o o r d i n a t i o n 
a m o n g t h e m a j o r c e n t r a l b a n k s with dif fer ing 
pol icy g o a l s . 

U n d e r a f l e x i b l e e x c h a n g e - r a t e s y s t e m , 
c u r r e n c i e s a r e t r a d e d on an o p e n m a r k e t , 
much a s any o t h e r f inancial i n s t r u m e n t . Re la -

t i v e s u p p l y a n d d e m a n d will d e t e r m i n e a 
c u r r e n c y ' s i n t e r n a t i o n a l v a l u e . I n t e r e s t r a t e s 
can dif fer a m o n g c o u n t r i e s wi thout e n g e n d e r -
ing a large c a p i t a l flow b e c a u s e t h e i n t e r n a -
t i o n a l return on d o m e s t i c i n v e s t m e n t s is no 
l o n g e r s i m p l y t h e d o m e s t i c i n t e r e s t ra te b u t 
t h e d o m e s t i c i n t e r e s t ra te p l u s t h e c h a n g e in 
t h e c u r r e n c y ' s i n t e r n a t i o n a l v a l u e during t h e 
p e r i o d t h e i n v e s t m e n t is h e l d . T h u s a n y dif-
f e r e n c e in r e a l r e t u r n s b e t w e e n d o m e s t i c 
e c o n o m i e s can b e e q u a l i z e d b y a real c h a n g e 
in t h e r e l a t i v e v a l u e of t h e c u r r e n c i e s . 

In t h e f ramework of t h e m o d e l s d i s c u s s e d 
a b o v e , o p e n i n g t h e e c o n o m y t o i n t e r n a t i o n a l 
f i n a n c i a l m a r k e t s s i m p l y s h i f t s t h e l e v e l of 
d i s c u s s i o n from t h a t of t h e n a t i o n t o t h a t of 
t h e world. Wor ld real r a t e s of return t e n d t o 
e q u a l i z e , a n d , if a n a t i o n ' s e c o n o m y is suffi-
c i e n t l y s m a l l a n d o p e n r e l a t i v e t o t h e r e s t of 
t h e w o r l d , i t s a d j u s t m e n t p r o c e s s c a n b e 
q u i t e quick . At t h e e x t r e m e , t h e s m a l l o p e n 
e c o n o m y h a s n o a b i l i t y t o c o n t r o l i n d e p e n -
d e n t l y i t s d o m e s t i c r e a l r a t e o f i n t e r e s t , 
p r i c e l e v e l , a n d e x c h a n g e r a t e . T h e t h r e e 
m u s t s i m u l t a n e o u s l y a d j u s t t o e q u a t e 
( a m o n g o t h e r th ings ) real r a t e s of re turn with 
t h e res t of t h e world. 

With t h e e x c e p t i o n of t h e work d i s c u s s e d 
b e l o w , t h e r e is l i t t le e v i d e n c e t h a t t h e m o n e -
t a r y a u t h o r i t y c a n i n f l u e n c e r e a l i n t e r e s t 
r a t e s . I n d e e d , what e v i d e n c e t h e r e is t o s u p -
p o r t t h e n o t i o n t h a t t h e m o n e t a r y a u t h o r i t y 
h a s any i n f l u e n c e o v e r e v e n n o m i n a l i n t e r e s t 
r a t e s s u g g e s t s t h a t t h e e f f e c t is t o ra ise , n o t 
lower, n o m i n a l i n t e r e s t ra tes ; an i n c r e a s e in 
t h e m o n e y s u p p l y (or m o n e y s u p p l y growth 
r a t e s ) will l e a d t o an i n c r e a s e in n o m i n a l in-
t e r e s t r a t e s s o t h a t an " e a s y m o n e y " p o l i c y 
ac tua l ly is a s s o c i a t e d with h igher , not lower, 
n o m i n a l i n t e r e s t ra tes . 

T w o h y p o t h e s e s h a v e b e e n p u t for th t o 
e x p l a i n t h i s r e s u l t . T h e " p o l i c y a n t i c i p a -
t i o n s " o r " e x p e c t e d l i q u i d i t y " h y p o t h e s i s 
s u g g e s t s t h a t a l i q u i d i t y e f f e c t d o e s e x i s t 
b u t t h a t an u n e x p e c t e d i n c r e a s e in t h e m o n -
e y s u p p l y t o d a y l e a d s t o e x p e c t a t i o n s o f 
l o w e r m o n e y g r o w t h r a t e s in t h e f u t u r e ; 
n o m i n a l i n t e r e s t r a t e s r i s e b e c a u s e of an e x -
p e c t e d l i q u i d i t y e f f e c t in t h e future . T h i s is a 
p o p u l a r e x p l a n a t i o n for r e s u l t s d u r i n g t h e 
p e r i o d from 1979 t o 1982, w h e n t h e F e d e r a l 
R e s e r v e S y s t e m h a d an o p e r a t i n g p r o c e d u r e 
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f o c u s e d on t a r g e t i n g m o n e t a r y growth r a t e s , 
thus giving t h e c e n t r a l b a n k a m o t i v e t o e n -
s u r e t h a t d e v i a t i o n s in t h e e x p e c t e d pa th of 
m o n e y growth w e r e e v e n t u a l l y o f f s e t . A s e c -
o n d h y p o t h e s i s , t h e i n f l a t i o n e x p e c t a t i o n s 
h y p o t h e s i s , a r g u e s t h a t an i n c r e a s e in cur-
r e n t m o n e y s u p p l y growth c a u s e s e x p e c t a -
t i o n s t h a t inf la t ion will r i se , t h e r e b y p u s h i n g 
u p n o m i n a l i n t e r e s t r a t e s a c c o r d i n g t o a 
s t ra ight forward F i s h e r e f f e c t . 6 

T w o i m p o r t a n t c o n c l u s i o n s f o l l o w f r o m 
t h e f o r e g o i n g e m p i r i c a l a n a l y s i s . First, t h e r e 
is s u b s t a n t i a l e v i d e n c e t h a t a n e a s i n g o f 
m o n e t a r y p o l i c y will l e a d t o h i g h e r n o m i n a l 
i n t e r e s t r a t e s . T h e s e c o n d , a n d m o r e i m p o r -
t a n t , p o i n t i s t h a t m o n e t a r y p o l i c y c a n n o t 
c l a i m t o i n f l u e n c e t h e r e a l r a t e of i n t e r e s t . 
T h e p r o b l e m , h o w e v e r , d i s c u s s e d a b o v e , is 
t h a t t h e r e l e v a n t m e a s u r e of rea l r a t e s of in-
t e r e s t is u n o b s e r v a b l e a n d t h u s o u t of t h e 
r e a c h o f s i m p l e e c o n o m e t r i c m o d e l s . It is t o 
t h e s o l u t i o n of t h i s p r o b l e m t h a t a t t e n t i o n is 
now t u r n e d . 

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

F r e d r i c M i s h k i n o f C o l u m b i a U n i v e r s i t y 
h a s r e c e n t l y e x p l o i t e d r a t i o n a l - e x p e c t a t i o n s 
r e s t r i c t i o n s t o c o n s t r u c t a rea l i n t e r e s t - r a t e 
t i m e s e r i e s u s e f u l for e c o n o m e t r i c i n q u i r y . 
" R a t i o n a l e x p e c t a t i o n s " t h e o r y m a i n t a i n s 
s i m p l y t h a t e c o n o m i c a g e n t s c a n n o t s y s t e m -
a t i c a l l y b e f o o l e d in f o r m i n g e x p e c t a t i o n s ; 
t h a t is, p e o p l e m a y b e c o n t i n u o u s l y i n c o r r e c t 
in t h e i r e x p e c t a t i o n s , b u t t h e m i s t a k e s t h e y 
m a k e a r e u n p r e d i c t a b l e . S t a t e d s i m p l y , p e o -
p l e l e a r n e n o u g h f r o m t h e i r m i s t a k e s t h a t 
t h e y d o n o t r e p e a t t h e s a m e error . 

T h i s s i m p l e ins ight turns o u t to b e r a t h e r 
powerful in p r a c t i c e . C o n s i d e r t h e real inter-
e s t rate e q u a t i o n s d e s c r i b e d a b o v e . T h e goal 
is t o b e a b l e to d e r i v e t h e e x a n t e real ra te of 
i n t e r e s t , which , t o r e p e a t with a d d e d n o t a -
t ion, is 

H o w e v e r , w e a r e a b l e t o o b s e r v e on ly t h e 
ex p o s t real ra te of i n t e r e s t , 

w h e r e tt" r e p r e s e n t s t h e a c t u a l r a t e of infla-
t ion. T h e d i f f e r e n c e b e t w e e n t h e s e two m e a -
s u r e s of t h e rea l r a t e is s i m p l y t h e inf la t ion 
f o r e c a s t error : 

rrep~rrea= O ' - ^ ) ~ (i-TTe) 
= T T e - T T a 

= f o r e c a s t error . 

A c c o r d i n g t o t h e rat ional e x p e c t a t i o n s hy-
p o t h e s i s , t h e m a t h e m a t i c a l e x p e c t a t i o n o f 
t h e f o r e c a s t e r r o r is z e r o . T h u s , a s l o n g a s 
t h e n o t i o n a n d i m p l i c a t i o n s of r a t i o n a l e x -
p e c t a t i o n s t h e o r y a r e a c c e p t a b l e , t h e o b -
s e r v a b l e e x p o s t real r a t e of i n t e r e s t s e r i e s 
can b e d i r e c t l y s u b s t i t u t e d for t h e u n o b s e r v -
a b l e , b u t e c o n o m i c a l l y i m p o r t a n t , rea l r a t e 
of i n t e r e s t . 

Applications of the Solution 

Mishkin h a s u s e d rat ional e x p e c t a t i o n s t o 
inves t iga te , a m o n g o t h e r things, t h e e f f e c t s of 
m o n e t a r y policy c h a n g e s on real i n t e r e s t rates , 
t h e e c o n o m i c e f fec t s of high real i n t e r e s t ra tes 
in t h e Uni ted S t a t e s during t h e 1980s , and t h e 
e q u a l i t y of real i n t e r e s t r a t e s a c r o s s countr ies . 
T h e a p p r o a c h a n d w o r k is r e l a t i v e l y n e w . 
W h i l e t h e r a t i o n a l e x p e c t a t i o n s r e s t r i c t i o n s 
d i s c u s s e d a b o v e s e e m r a t h e r s i m p l e a n d in-
n o c u o u s , t h e not ion of empir i ca l ly e s t i m a t i n g 
real ra tes of i n t e r e s t is q u i t e controvers ia l . 

Mishkin's work with John Huizinga (1986) in-
d i c a t e s t h a t m o n e t a r y p o l i c y h a s b e e n t h e 
s o u r c e o f t h e high real i n t e r e s t r a t e s of t h e 
1980s in t h e U n i t e d S t a t e s . In par t icular , t h e 
r e s e a r c h e r s c o n c l u d e that t h e high real inter-
e s t ra tes of that d e c a d e w e r e t h e resul t of t h e 
r e g i m e c h a n g e a d o p t e d b y t h e F e d in o r d e r to 
dis inf la te t h e U.S. e c o n o m y . 

H u i z i n g a a n d M i s h k i n f o c u s n o t o n l y on 
t h e high l e v e l of real i n t e r e s t r a t e s in t h e e a r -
ly 1 9 8 0 s a n d its r e l a t i o n t o t h e F e d ' s p o l i c y 
c h a n g e s of O c t o b e r 1 9 7 9 a n d O c t o b e r 1982 
b u t a l s o o n w h a t t h e y t e r m t h e s i g n i f i c a n t 
shift in t h e s t o c h a s t i c p r o c e s s of real i n t e r e s t 
r a t e s — t h e b e h a v i o r of t h e real rate s e r i e s a s 
it b o u n c e s a r o u n d o v e r t i m e . 
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In O c t o b e r 1979 t h e F e d e r a l R e s e r v e S y s -
t e m c h a n g e d its pol icy from o n e of ta rge t ing 
i n t e r e s t r a t e s t o t a r g e t i n g n o n b o r r o w e d r e -
s e r v e s . In O c t o b e r 1982 t h e F e d s w i t c h e d t o a 
b o r r o w e d r e s e r v e t a r g e t . H u i z i n g a a n d 
M i s h k i n e x p l o r e d t h e p o s s i b i l i t y t h a t , a f t e r 
t h e po l i cy c h a n g e s of 1979 i n c r e a s e d u n c e r -
t a i n t y a b o u t i n t e r e s t r a t e s , m o n e y s u p p l y 
g r o w t h a n d i n f l a t i o n p l a y e d a r o l e in r e a l 
i n t e r e s t - r a t e m o v e m e n t s . In a d d i t i o n , t h e y in-
v e s t i g a t e d a s imi lar r e g i m e c h a n g e that t o o k 
p l a c e in 1920 w h e n , in r e s p o n s e t o high infla-
t ion ra tes , t h e F e d dramat ica l ly i n c r e a s e d t h e 
d i s c o u n t ra te twice . 

Using d a t a from 1953 t o 1984, Huizinga and 
Mishkin e m p l o y rat ional e x p e c t a t i o n s t h e o r y 
t o d e s c r i b e t h e e x a n t e real rate of i n t e r e s t as 
a l inear function of a c o n s t a n t , t h e o n e - m o n t h 
n o m i n a l i n t e r e s t r a t e , t h e o n e - m o n t h inf la-
t ion r a t e l a g g e d o n e a n d two m o n t h s , a n d a 
s u p p l y - s h o c k v a r i a b l e ( m e a s u r e d a s t h e loga-
rithm of t h e re la t ive p r i c e of fuel a n d r e l a t e d 
p r o d u c t s in t h e p r o d u c e r pr i ce index) l a g g e d 
o n e m o n t h . In s u b s t i t u t i n g t h e e x p o s t rea l 
rate for t h e e x a n t e real rate, t h e y s u b s t i t u t e d 
t h e n o m i n a l i n t e r e s t ra te on t h e o n e - m o n t h 
bill l e s s t h e r a t e of inf lat ion c a l c u l a t e d from 
t h e c o n s u m e r p r i c e index . 

T o t e s t w h e t h e r or n o t m o n e t a r y p o l i c y 
r e g i m e c h a n g e s i n f l u e n c e t h e m a n n e r in 
which t h e s e v a r i a b l e s a f fec t t h e real ra te of 
i n t e r e s t , Huizinga a n d Mishkin t e s t e d for t h e 
e q u a l i t y o f t h e c o e f f i c i e n t s d u r i n g v a r i o u s 
t i m e p e r i o d s . T h e y found that a shift d i d in-
d e e d o c c u r in t h e s e c o e f f i c i e n t s in O c t o b e r 
1979 a n d O c t o b e r 1982. W h i l e in all s a m p l e 
p e r i o d s a s i g n i f i c a n t n e g a t i v e r e l a t i o n s h i p 
e x i s t s b e t w e e n real r a t e s a n d e x p e c t e d infla-
t ion, t h e r e l a t i o n s h i p b e t w e e n real a n d n o m i -
nal i n t e r e s t r a t e s in t h e 1979-82 p e r i o d differs 
from t h o s e in t h e p r e - 1 9 7 9 a n d t h e p o s t - 1 9 8 2 
p e r i o d s . In t h e 1 9 5 3 - 7 9 a n d 1982-84 p e r i o d s , 
t h e r e is a s i g n i f i c a n t n e g a t i v e r e l a t i o n s h i p 
b e t w e e n r e a l a n d n o m i n a l i n t e r e s t r a t e s , 
w h e r e a s in t h e 1 9 7 9 - 8 2 p e r i o d t h e r e l a t i o n -
s h i p is s igni f icant ly p o s i t i v e . 

Huizinga a n d Mishkin h y p o t h e s i z e d that if 
a b r e a k o c c u r r e d during t h e early 1980s in t h e 
s t o c h a s t i c p r o c e s s of real i n t e r e s t rates , t h e r e 
s h o u l d a l s o b e b r e a k s in t h e p r o c e s s during 
o t h e r p e r i o d s o f m o n e t a r y p o l i c y r e g i m e 
c h a n g e s . Although t h e e x a c t d a t a s e r i e s u s e d 

for t h e la t ter t i m e p e r i o d s w e r e n o t a v a i l a b l e 
in t h e 1916-27 p e r i o d , Huizinga a n d Mishkin 
w o r k e d u s i n g c o m p a r a b l e d a t a a n d a g a i n 
t e s t e d for t h e e q u a l i t y of c o e f f i c i e n t s b e f o r e 
a n d af ter t h e m o n e t a r y pol icy c h a n g e in 1920. 
T h e resul t s of t h e i r t e s t s i n d i c a t e that , s imi lar 
t o t h e e f f e c t of t h e m o n e t a r y p o l i c y r e g i m e 
c h a n g e s of t h e ear ly 1980s , t h e r e was a signifi-
c a n t shift in t h e s t o c h a s t i c p r o c e s s of real in-
t e r e s t ra tes . 

Mishkin (1988) e x p l a i n s that b e c a u s e t h e r e 
is n o t o n e real rate of in teres t , m o n e t a r y pol i -
cy m a y af fect var ious s e c t o r s of t h e e c o n o m y 
dif ferent ly . In part icular , h e c l a i m s that during 
t h e 1980s agricul ture b o r e a d i s p r o p o r t i o n a t e 
s h a r e of t h e dis inf lat ionary b u r d e n . This s i tua-
t ion o c c u r r e d n o t o n l y b e c a u s e f a r m e r s d e -
p e n d e d heavi ly on d e b t m a r k e t s in f inancing 
p r o d u c t i o n b u t a l s o b e c a u s e r e a l i n t e r e s t 
ra tes w e r e much h igher in that s e c t o r than in 
t h e e c o n o m y a s a whole . 

According t o Mishkin t h e r e l e v a n t real in-
t e r e s t r a t e for t h e a g r i c u l t u r a l s e c t o r is n o t 
o n e that s h o u l d b e c a l c u l a t e d with a b r o a d -
b a s e d p r i c e i n d e x s u c h a s t h e c o n s u m e r 
p r i c e i n d e x b u t r a t h e r with o n e that r e f l e c t s 
t h e p r i c e s of farm p r o d u c t s . T o d o t h i s , h e 
c o n s t r u c t e d a real r a t e of i n t e r e s t s e r i e s b y 
s u b t r a c t i n g t h e r a t e o f i n c r e a s e in t h e farm 
p r o d u c t s c o m p o n e n t of t h e p r o d u c e r p r i c e 
i n d e x from t h e o n e - m o n t h T r e a s u r y bill ra te 
for t h e p e r i o d from January 1953 t o D e c e m -
b e r 1986. 

Using t h e r e l e v a n t real i n t e r e s t rate for t h e 
agr icul tura l s e c t o r for t h e p e r i o d s f rom Jan-
uary 1953 to O c t o b e r 1979 a n d from N o v e m -
b e r 1 9 7 9 t o D e c e m b e r 1 9 8 6 , M i s h k i n t h e n 
e s t i m a t e d e s s e n t i a l l y t h e s a m e e q u a t i o n a s in 
Huizinga a n d Mishkin (1986) . T h e r e s u l t s indi-
c a t e d t h a t t h e o n l y s i g n i f i c a n t e x p l a n a t o r y 
v a r i a b l e in e i t h e r p e r i o d was t h e o n e - m o n t h 
Treasury bill ra te . 

M i s h k i n a l s o c o m p a r e s h i s e s t i m a t e s of 
rea l i n t e r e s t r a t e s in t h e a g r i c u l t u r a l s e c t o r 
with rea l i n t e r e s t r a t e s for t h e e c o n o m y a s 
a w h o l e . In h i s p l o t of t h e t w o g r a p h s , t h e 
r e a l r a t e for t h e farm s e c t o r a p p e a r s t o b e 
an a m p l i f i e d m o v e m e n t of t h e rea l r a t e for 
t h e o v e r a l l e c o n o m y . M i s h k i n c o n f i r m s t h i s 
c o n c l u s i o n b y r e g r e s s i n g t h e e s t i m a t e d 
a g r i c u l t u r a l r e a l r a t e wi th t h e o v e r a l l r e a l 
r a t e a n d f i n d s t h a t t h e r e is a s t a t i s t i c a l l y 
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s i g n i f i c a n t c o m o v e m e n t b e t w e e n t h e t w o 
a n d t h a t t h e a g r i c u l t u r a l r e a l r a t e m o v e s 
m o r e t h a n o n e - f o r - o n e with t h e o v e r a l l rea l 
r a t e . F r o m t h i s i n f o r m a t i o n , h e c o n c l u d e s 
t h a t t h e a g r i c u l t u r e s e c t o r b o r e m u c h o f 
t h e b u r d e n of t h e d i s i n f l a t i o n a r y p e r i o d o f 
t h e e a r l y 1 9 8 0 s . 

Using d a t a from t h e E u r o d e p o s i t m a r k e t for 
s e v e n i n d u s t r i a l i z e d n a t i o n s , Mishkin ( 1 9 8 4 ) 
a l so i n v e s t i g a t e d t h e e q u a l i t y of real i n t e r e s t 
rates a c r o s s c o u n t r i e s . Again, if a nat ion is e n -
gaging in f ree t r a d e a n d t h e r e a r e no restr ic-
t i o n s o n t h e m o b i l i t y o f c a p i t a l , t h e n r e a l 
i n t e r e s t r a t e s s h o u l d b e e q u a l a c r o s s c o u n -
tries. If his t h e o r y is correct , d o m e s t i c m o n e -
tary a u t h o r i t i e s h a v e n o c o n t r o l o v e r r e a l 
i n t e r e s t r a t e s a n d t h e i r ab i l i ty t o u s e e x p a n -
s ionary or c o n t r a c t i o n a r y m o n e t a r y po l i cy t o 
i n f l u e n c e e c o n o m i c act ivi ty is t h e r e f o r e c o n -
s t ra ined . 

Mishkin i n v e s t i g a t e d t h e e q u a l i t y of rea l 
i n t e r e s t r a t e s a c r o s s t h e U n i t e d S t a t e s , 
C a n a d a , t h e U n i t e d K i n g d o m , F r a n c e , W e s t 
G e r m a n y , t h e N e t h e r l a n d s , a n d S w i t z e r l a n d 
from t h e s e c o n d q u a r t e r of 1967 t o t h e s e c -
o n d q u a r t e r o f 1 9 7 9 . H e c a l c u l a t e d t h e e x 
a n t e r e a l r a t e o f i n t e r e s t t w o w a y s : t h e 
t h r e e - m o n t h E u r o d e p o s i t r a t e l e s s t h e r a t e 
of c h a n g e in t h e c o n s u m e r p r i c e i n d e x a n d 
t h e t h r e e - m o n t h E u r o d e p o s i t r a t e l e s s t h e 
ra te of c h a n g e in t h e w h o l e s a l e p r i c e i n d e x 
for a p a r t i c u l a r c o u n t r y . T h e r e s u l t s i n d i c a t -
e d t h a t t h e s e n a t i o n s ' r e a l i n t e r e s t r a t e s 
w e r e n o t e q u a l . Mishkin a s s e r t s t h a t rea l in-
t e r e s t r a t e s m a y d i f f e r a c r o s s c o u n t r i e s b e -
c a u s e risk p r e m i u m s m a y di f fer a n d b e c a u s e 
t r a n s a c t i o n s c o s t s a n d t h e l a c k of p e r f e c t 
s u b s t i t u t a b i l i t y of g o o d s i m p l i e s t h e v i o l a -
t ion of p u r c h a s i n g p o w e r pari ty ; it d o e s n o t 
n e c e s s a r i l y i m p l y t h a t rea l r a t e a r b i t r a g e o p -
p o r t u n i t i e s e x i s t . 

H e a l s o a s k e d w h e t h e r real r a t e s a t l e a s t 
m o v e d s imi lar ly o v e r t i m e from e c o n o m y t o 
e c o n o m y e v e n if t h e y w e r e n o t s tr ict ly e q u a l 
a m o n g n a t i o n s . T h e r e s u l t s i m p l y t h a t rea l 
r a t e s of i n t e r e s t d o n o t m o v e in s i m i l a r w a y s 
a c r o s s n a t i o n s . M i s h k i n ' s r e s u l t s i n d i c a t e 
that , a l t h o u g h c a p i t a l m a r k e t s m a y b e i n t e -
g r a t e d , real r a t e s m a y di f fer a c r o s s c o u n t r i e s 
a n d t h e d o m e s t i c m o n e t a r y a u t h o r i t i e s m a y 
t h e r e f o r e b e a b l e t o e m p l o y m o n e t a r y po l i -
cy t o i n f l u e n c e e c o n o m i c act iv i ty . 

Real Interest Rates in a Small, Open 
Economy 

W e r e c e n t l y b e g a n s o m e w o r k t h a t h a s 
b e e n in part m o t i v a t e d b y Mishkin 's work c o n -
c e r n i n g real r a t e s of i n t e r e s t a n d a d o p t s his 
r e s t r i c t i o n s ( C u n n i n g h a m a n d C u n n i n g h a m 
1990) . It c e n t e r s , t h o u g h , o n t h e t h e o r e t i c a l 
conformity of t h e b e h a v i o r of real r a t e s of in-
t e r e s t in a smal l , o p e n e c o n o m y . Although real 
r a t e s of i n t e r e s t m a y n o t b e e q u a l o r m o v e 
similarly o v e r t i m e a c r o s s t h e d e v e l o p e d na-
t ions that Mishkin s t u d i e d , t h e s i tuat ion m a y 
b e q u i t e di f ferent for a small , o p e n e c o n o m y 
with which a re lat ively large e c o n o m y such a s 
t h e Uni ted S t a t e s is a m a j o r trading partner . 

For a smal l , o p e n e c o n o m y t h e a c t i o n s of 
t h e d o m e s t i c m o n e t a r y a u t h o r i t i e s m a y d e -
t e r m i n e real r a t e s of i n t e r e s t , or world (U.S.) 
real i n t e r e s t r a t e s m a y b e t h e pr imary influ-
e n c e on real i n t e r e s t ra tes . T h e i d e a t h a t d o -
m e s t i c m o n e t a r y f o r c e s c o n t r o l rea l i n t e r e s t 
r a t e s s i m p l y e x t e n d s Huizinga a n d Mishkin ' s 
work t o smal l , o p e n e c o n o m i e s . T h e p o s s i b i l -
ity t h a t w o r l d r e a l i n t e r e s t r a t e s h a v e t h e 
g r e a t e r i n f l u e n c e is in a c c o r d with s t a n d a r d 
o p e n e c o n o m y m a c r o e c o n o m i c t h e o r y a n d , if 
t rue , would i n d i c a t e that U.S. m o n e t a r y pol i -
cy h a s n o t on ly d o m e s t i c e f f e c t s b u t a l s o in-
f l u e n c e o v e r e c o n o m i c a c t i v i t y in a t l e a s t 
s o m e o t h e r na t ions . 

T o i n v e s t i g a t e t h e b e h a v i o r of real i n t e r e s t 
r a t e s in a smal l o p e n e c o n o m y , w e l o o k e d a t 
t h e c a s e of t h e R e p u b l i c of China on Taiwan 
from O c t o b e r 1985 through January 1990. Tai -
wan is an i n t e r e s t i n g s u b j e c t b e c a u s e in July 
1987 t h e c o u n t r y m o v e d from a f u n c t i o n a l l y 
c l o s e d e c o n o m y t o o n e t h a t is e s s e n t i a l l y 
o p e n . Prior to f inancial l i b e r a l i z a t i o n , foreign 
i n v e s t m e n t was l i m i t e d t o cer ta in t y p e s of di-
r e c t i n v e s t m e n t in m a n u f a c t u r i n g , a n d d o -
m e s t i c i n v e s t m e n t in f o r e i g n f i r m s w a s 
r e s t r i c t e d . In July 1987 r e f o r m s w e r e e n a c t e d 
t h a t o p e n e d capi ta l m a r k e t s , re laxing foreign 
e x c h a n g e res t r i c t ions a n d p e r m i t t i n g in terna-
t ional cap i ta l f lows. 

T o e x a m i n e t h e r e l a t i v e i n f l u e n c e s of d o -
m e s t i c m o n e t a r y po l i cy a n d t h e U.S. real rate 
of i n t e r e s t on t h e real i n t e r e s t ra te in Taiwan, 
w e r e g r e s s e d t h e r e a l r a t e of i n t e r e s t in Tai -
w a n o n t h e g r o w t h r a t e o f t h e d o m e s t i c 
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m o n e y s u p p l y , growth in industr ia l p r o d u c -
tion, a n d t h e real rate of i n t e r e s t in t h e Unit-
e d S t a t e s . T h e resul ts could i n d i c a t e o n e of 
t h r e e s i tuat ions . First, t h e real i n t e r e s t rate in 
Taiwan could h a v e b e e n a f f e c t e d by t h e U.S. 
real rate of in teres t e v e n b e f o r e t h e e c o n o m y 
was o p e n e d f inanc ia l ly b e c a u s e of t h e fact 
t h a t t h e real s i d e of t h e e c o n o m y was re la-
t ively o p e n , t h e r e b y potent ia l ly bringing t h e 
d o m e s t i c marginal p r o d u c t of capi ta l in l ine 
with t h e world (U.S.) marginal p r o d u c t of cap-
ital. S e c o n d , t h e rea l r a t e o f i n t e r e s t c o u l d 
h a v e b e e n i n f l u e n c e d b y t h e a c t i o n o f t h e 
d o m e s t i c m o n e t a r y a u t h o r i t i e s b e f o r e ju ly 
1 9 8 7 a n d i n f l u e n c e d b y U . S . r e a l i n t e r e s t 
ra tes therea f te r , with t h e d o m e s t i c m o n e t a r y 
authori ty 's having lost w h a t e v e r control it had 
had prior to t h e financial o p e n i n g . And third, 
t h e pr imary i n f l u e n c e on real i n t e r e s t r a t e s 
b o t h b e f o r e a n d a f ter financial l iberal izat ion 
could h a v e b e e n t h e d o m e s t i c m o n e t a r y au-
thority only. 

Our prel iminary resul ts are c o n s i s t e n t with 
s t a n d a r d e c o n o m i c t h e o r y . T h e y p r o v i d e 
s o m e e v i d e n c e of c o n d i t i o n s s imilar to a l iq-
uidity e f fec t a n d are c o n s i s t e n t with Mishkin's 
work in that , both b e f o r e and af ter t h e finan-
cial o p e n i n g of t h e e c o n o m y , t h e c h a n g e in 
t h e d o m e s t i c m o n e y s u p p l y is a s igni f i cant 
e x p l a n a t o r y var iab le of real i n t e r e s t ra tes in 
Ta iwan. T h e resu l t s , h o w e v e r , a l s o i n d i c a t e 
t h a t a f t e r f i n a n c i a l l i b e r a l i z a t i o n , U.S . r e a l 
ra tes of i n t e r e s t in f luenced real i n t e r e s t ra tes 
in Taiwan. 

Overall , our resul ts h a v e intuit ive a p p e a l . 
T h e r e is s o m e e v i d e n c e t h a t b e f o r e t h e fi-
nancial o p e n i n g of an e c o n o m y , t h e d o m e s t i c 

m o n e t a r y authority can i n f l u e n c e real ra tes of 
in teres t . After t h e financial o p e n i n g , t h e mon-
e tary author i ty still has s o m e in f luence , b u t 
world real in teres t ra tes a l so b e c o m e impor-
tant. T h e significance of t h e s tudy is t e m p e r e d 
b y a s o m e w h a t small data se t , however , and 
prel iminary results should b e s t b e c o n s i d e r e d 
s imply s u g g e s t i v e . At t h e s a m e t i m e , t h e va-
lidity of t h e resul ts is s u p p o r t e d by the i r con-
s i s t e n c y w i t h s t a n d a r d o p e n - e c o n o m y 
m a c r o e c o n o m i c theory . 

Conclusion 

T h e q u e s t i o n of w h e t h e r t h e m o n e t a r y au-
thority may h a v e s o m e in f luence o v e r real in-
t e r e s t ra tes is far from s e t t l e d . A subs tant ia l 
b o d y of e m p i r i c a l work s h o w s a d i r e c t rela-
t i o n s h i p b e t w e e n m o n e y growth r a t e s a n d 
nominal i n t e r e s t rates . 

N e v e r t h e l e s s , t h e work d i s c u s s e d a b o v e 
i n t i m a t e s an a v e n u e of in f luence for t h e mon-
e t a r y a u t h o r i t y o v e r r e a l i n t e r e s t r a t e s . 
Mishkin 's work s u g g e s t s a l iquidity e f fec t (in 
t h e r e a l i n t e r e s t r a t e ) f o r d e v e l o p e d 
e c o n o m i e s , and our work e x t e n d s that resul t 
to a newly industr ia l ized e c o n o m y . Our work 
a lso s u g g e s t s that t h e overall in f luence of t h e 
m o n e t a r y authority in a small , o p e n e c o n o m y 
may b e t e m p e r e d s u b s t a n t i a l l y b y real rate 
m o v e m e n t s in t h e rest of t h e world. N o n e t h e -
l e s s , e c o n o m i e s with f inancia l m a r k e t s in a 
l i m i t e d s t a t e of d e v e l o p m e n t may find t h e 
judic ious u s e of m o n e t a r y policy e f fec t ive in 
inf luencing real ra tes of in teres t . 

N o t e s 

1 This ar t ic le 's analys is a lso ignores tax comp l i ca t i ons 
and the te rm structure. The informat ion about econom-
ic expectat ions conta ined in the term structure is a sep-
arate issue f rom that d iscussed here, which rel ies on 
the conven ient convent iona l assumpt ion that there is 
"an" interest rate. 

2 Some surveys are a t t emp t ing to address this issue and 
can be expected, eventua l ly , t o p rov ide a po ten t ia l l y 
useful source of data for certain countr ies dur ing certain 
t imes. 

5 An early a t t emp t to solve th is p rob lem came, indepen-
d e n t l y , f rom Rober t M u n d e l l and James T o b i n . The 
M u n d e l l - T o b i n ef fect a l lowed for the incorporat ion of 
inf lat ion into the Keynesian IS-LM mode l , and the ef-

fect of this in f lat ion was to reduce marginal ly the real 
rate of interest wh i le raising the equ i l i b r i um 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. 

5 One of the most f requent ly forgot ten rules of economic 
po l icy is the assignment pr inc ip le , which says that for 
each and every po l i cy target there must be a po l i cy 
i ns t rumen t—tha t is, for every economic var iab le to be 
in f luenced ( inf lat ion, unemp loymen t , exchange rates, 
and so forth), the po l i cymaker needs to have a po l icy 
i n s t r u m e n t (such as m o n e y g r o w t h or g o v e r n m e n t 
s p e n d i n g ) to m a n i p u l a t e . The d i l e m m a fac ing t h e 
mone ta r y au tho r i t y is tha t i t is l i m i t e d to us ing t h e 
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pol icy ins t rument to target one economic var iab le at 
a t ime. For examp le , suppose the monetary author i ty 
wishes to target a speci f ic rate of in f la t ion, if i t adop ts 
a po l icy of money growth des igned to engende r the 
des i red effect, i t cannot respond to nomina l in terest 
rate movemen ts w i thou t abandon ing the in i t ia l po l i -
cy. Having chosen the rate of in f la t ion as the target, 

t h e p o l i c y m a k e r mus t accept wha teve r h a p p e n s to 
o the r econom ic var iab les , i n c l u d i n g pe rhaps unde -
s i red consequences. 

6 T h e s e hypotheses are desc r ibed in Cunningham and 
C u n n i n g h a m (1991), C u n n i n g h a m a n d H a r d o u v e l i s 
(1987), and an excel lent review by Sheehan (1985) and 
touched on in Cunningham (1987). 

R e f e r e n c e s 

Blanchard, Ol iv ie r lean, and Stanley Fischer. Lectures on 
Macroeconomics. Cambr idge, Mass.: MIT Press, 1989. 

Cumby, Robert E., and Frederic S. Mishkin. "The Interna-
t ional Linkage of Real Interest Rates: The European-
U.S. C o n n e c t i o n . " N a t i o n a l B u r e a u o f E c o n o m i c 
Research Work ing Paper 2876, 1987. 

Cunningham, Thomas J. "Observa t ions abou t Observa-
t ions abou t L i q u i d i t y Effects: The Di f f i cu l t ies of Ex-
p l o r i n g a S i m p l e Idea . " F e d e r a l Reserve Bank o f 
Atlanta Economic Review 72 (September /October 1987): 
14-22. 

Cunningham, Thomas J., and Rosemary Thomas Cunning-
ham. "The Behav io r of Real Rates of I n t e res t in a 
Small, Open ing Economy." Federal Reserve Bank of 
Atlanta work ing paper, for thcoming 1990. 

. "Ano the r Source of Money S u p p l y Announce-
ment Surprises." journal of Macroeconomics ( for thcoming 
1991). 

C u n n i n g h a m , T h o m a s )., a n d G i kas A. H a r d o u v e l i s . 
"Tempora l Aggregation, Monetary Policy, and Interest 
Rates." Federal Reserve Bank of At lanta Working Pa-
per 87-4, May 1987. 

Fisher, Irving. The Theory of Interest. New York: Macmi l lan 
Publ ishing Company, 1930. 

Huizinga, John, and Freder ic S. Mishk in . " In f la t ion and 
Real Interest Rates on Assets with Dif ferent Risk Char-
acteristics." The journal of Finance 39 duly 1984): 699-712. 

. "Monetary Policy Regime Shifts and the Unusual 
Behavior of Real Interest Rates." Nat ional Bureau of 
Economic Research Work ing Paper 1678, 1985. 

. "Monetary Policy Regime Shifts and the Unusual 
Behav io r of Real In te res t Rates." Carnegie-Rochester 
Conference Series on Public Policy 10 (Spring 1986): 231-74. 

Kuo, Shir ley W.Y. The Taiwan Economy in Transition. Boul-
der, Co.: Westv iew Press, 1983. 

M i s h k i n , F rede r i c S. "A re Real I n t e res t Rates Equa l 
Across Countr ies? An Empir ical Invest igat ion of Inter-
na t iona l Parity Cond i t i ons . " The journal of Finance 39 
(December 1984): 1345-57. 

. "The Real Interest Rate: A Mul t i -Country Empir i -
cal S tudy . " Na t iona l Bureau of Economic Research 
Working Paper 591, 1985. 

. "Unders tand ing Real Interest Rates." Nat ional 
Bureau of Economic Research Work ing Paper 2691, 
August 1988. 

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

Tauchen, George. "Statist ical Propert ies of Genera l ized 
Method-o f -Moments Estimators of Structural Parame-
ters Ob ta ined from Financial Market Data." journal of 
Business and Economic Statistics 4 (Oc tober 1986): 397-
416. 

White, Halbert . "A Heteroskedast ic i ty-Consistent Covari-
a n c e M a t r i x E s t i m a t o r a n d D i r e c t T e s t fo r H e t -
eroskedast ic i ty." Econometrica 48 (1980): 817-38. 

FEDERAL RESERVE BANK O F ATLANTA 37 
Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



Measuring the Personal Savings Rate: 
Some Technical Perspectives 
R. M a r k R o g e r s 

Th e A m e r i c a n p e r s o n a l s a v i n g s r a t e 
h a s b e e n attracting in teres t b o t h b e -
c a u s e of its l o n g - t e r m d e c l i n e a n d 

b e c a u s e of its low leve l in c o m p a r i s o n to that 
o f o t h e r i n d u s t r i a l c o u n t r i e s . H o w e v e r , re -
s e a r c h i n t o r e a s o n s for A m e r i c a n s ' s a v i n g s 
b e h a v i o r h a s n o t g e n e r a t e d r o b u s t r e s u l t s . 
R e s e a r c h e r s ' diff iculties with savings rate ex-
p l a n a t i o n s may result from i n a d e q u a t e m o d -
e l s or i n c o m p l e t e or inaccurate data r e l a t e d 
to savings behavior , but t h e y may a lso s t e m 
from m e a s u r e m e n t d e c i s i o n s t h a t on t h e i r 
o w n c a n i n f l u e n c e t h e s a v i n g s r a t e ' s o b -
s e r v e d leve l and m o v e m e n t s o v e r t i m e . 

T h e p e r s o n a l sav ings rate can di f fer from 
o n e t i m e or p l a c e to a n o t h e r for four g e n e r a l 
r e a s o n s : ( I ) h o u s e h o l d s ' b e h a v i o r may vary; 
(2) d a t a may b e inaccurate or i n c o n s i s t e n t in 
t h e i r c o v e r a g e b e c a u s e of such p h e n o m e n a 
as t h e u n d e r g r o u n d e c o n o m y ; (3) s tructural 
e c o n o m i c d i f f e r e n c e s l ike v a r i a t i o n s in tax 

The author is forecast coordinator in the inacropolicy section of the Atlanta 

Fed's Research Department 

s y s t e m s may c a u s e savings to shift b e t w e e n 
t h e h o u s e h o l d and c o r p o r a t e sec tors ; and (4) 
m e a s u r e m e n t s of e l e m e n t s of p e r s o n a l sav-
ing or t h e savings rate may differ. An e x t e n -
s i v e group of s t u d i e s i n d i c a t e s that e a c h of 
t h e s e f a c t o r s p l a y s a p a r t in i n t e r t e m p o r a l 
a n d intercountry d i f f e rences . 1 T h e s e findings 
s u g g e s t that users of savings rate data should 
draw c o n c l u s i o n s caut iously . 

M e a s u r e m e n t d e c i s i o n s , t h e focus of this 
a r t i c l e , a r e n e c e s s a r y b e c a u s e r e c o r d s of 
s o m e c o m p o n e n t s of c o n s u m e r s ' i n c o m e and 
o u t l a y s t h a t a r e c o n c e p t u a l l y n e c e s s a r y for 
m e a s u r i n g t h e p e r s o n a l savings rate are lack-
ing a n d b e c a u s e f igures c o l l e c t e d on o t h e r 
c o m p o n e n t s d o not fit t h e c o n c e p t that t h e 
d a t a on s a v i n g s a r e d e s i g n e d to m e a s u r e . 
S i n c e records are i n a d e q u a t e , t h e s e c o m p o -
n e n t s must b e e s t i m a t e d and a p p r o p r i a t e l y 
d i s t r i b u t e d to s e c t o r s of t h e e c o n o m y . This 
art ic le , which is not i n t e n d e d to b e a c o m p r e -
h e n s i v e s tudy of savings rate m e a s u r e m e n t , 
is f o c u s e d on two m a j o r t y p e s of t h e s e c o m -
p o n e n t s a n d d e m o n s t r a t e s t h a t a l t e r n a t i v e 
d e c i s i o n s a b o u t w h e t h e r or how to m e a s u r e 
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t h e s e c o m p o n e n t s h a v e d i f f e rent i m p a c t s on 
b o t h t h e i n t e r t e m p o r a l c h a n g e a n d l e v e l of 
t h e p e r s o n a l s a v i n g s ra te . T h e s e d i f f e r e n c e s 
m a y in turn i n f l u e n c e t h e r e s u l t s of s a v i n g s 
b e h a v i o r a n a l y s e s . 

What is the Savings Rate? 

Of p u b l i s h e d m e a s u r e s of t h e U.S. p e r s o n a l 
savings rate, m o s t u s e d is t h e o n e c o m p u t e d 
by t h e Bureau of E c o n o m i c Analysis (BEA) of 
the U.S. D e p a r t m e n t of C o m m e r c e . 2 T h e BEA's 
broad c o n c e p t of saving is a s a flow of p e r s o n a l 
i n c o m e a v a i l a b l e for b u t n o t s p e n t on c o n -
sumpt ion out lays in t h e s a m e p e r i o d in which 
it is e a r n e d . In n a t i o n a l i n c o m e a c c o u n t i n g 
t e r m s , s a v i n g s e q u a l s d i s p o s a b l e a f t e r - t a x 
p e r s o n a l i n c o m e l e s s p e r s o n a l out lays . 

T h e BEA d o e s n o t d i r e c t l y m e a s u r e s a v -
ings from ac tua l sav ings c o m p o n e n t d a t a s e -
r ies a s it d o e s t h e c o m p o n e n t s of p e r s o n a l 
i n c o m e t a x e s , o u t l a y s , a n d o t h e r p a y m e n t s . 
Using e s t i m a t e d i n c o m e a n d o u t l a y c o m p o -
n e n t s , t h e BEA c a l c u l a t e s t h e p e r s o n a l s a v -
i n g s r a t e a s a p e r c e n t a g e o f d i s p o s a b l e 
p e r s o n a l i n c o m e : 

P e r s o n a l S a v i n g s R a t e = 

(Personal I n c o m e - T a x e s - Out lays) 
: — • 100 

(Persona l I n c o m e - T a x e s ) 

or 

P e r s o n a l S a v i n g s R a t e = 

P e r s o n a l S a v i n g s R a t e 
— • 1 0 0 
D i s p o s a b l e Personal I n c o m e 

C h a n g e s in t a x e s , out lays , a n d p e r s o n a l in-
c o m e c a n t h u s a f f e c t t h e p e r s o n a l s a v i n g s 
r a t e . T a b l e I r e c o r d s t h e p e r s o n a l s a v i n g s 
rate a n d its c o m p o n e n t s during t h e 1 9 6 0 - 8 9 
p e r i o d . 

In a n y s y s t e m of e c o n o m i c d a t a , d e c i s i o n s 
are m a d e a b o u t how var ious c o n c e p t s a r e t o 
b e m e a s u r e d in a c t u a l p r a c t i c e . A l t h o u g h 
m e a s u r e s a r e t y p i c a l l y d e s i g n e d t o m a t c h 
t h e o r e t i c a l c o n c e p t s a s c l o s e l y a s p o s s i b l e , 
making t h e d a t a c o r r e s p o n d t o t h e c o n c e p t s 
is n o t a l w a y s c l e a n o r p r e c i s e . C o n c e p t s of 

s a v i n g s a n d t h e s a v i n g s ra te in t h e BEA's na-
t i o n a l i n c o m e a c c o u n t i n g s y s t e m a r e c l e a r ; 
h o w e v e r , n o t all of t h e d a t a a r e a v a i l a b l e that 
would allow a s e a m l e s s t r a n s f e r from c o n c e p t 
t o m e a s u r e . S i n c e n o t all flows that m a k e u p 
p e r s o n a l i n c o m e or all p e r s o n a l o u t l a y s dur-
ing a p e r i o d a r e r o u t i n e l y r e c o r d e d in t h e pri-
v a t e e c o n o m y , t h e BEA m u s t d e v i s e m e t h o d s 
o f m e a s u r i n g u n r e c o r d e d t y p e s o f i n c o m e 
a n d c o n s u m p t i o n i n d i r e c t l y with a v a i l a b l e 
d a t a . T h e m e t h o d s t h e y c h o o s e a f f e c t t h e 
m e a s u r e m e n t of t h e r e s i d u a l — s a v i n g s . 

W a g e i n c o m e , f o r e x a m p l e , is r e l a t i v e l y 
e a s y to e s t i m a t e b e c a u s e t h e U.S. D e p a r t m e n t 
of L a b o r c o l l e c t s e a r n i n g s d a t a from m o n t h l y 
surveys . Information on p r o p r i e t o r s ' i n c o m e is 
s o m e w h a t m o r e d i f f i cu l t t o o b t a i n . In b o t h 
c a s e s , h o w e v e r , d a t a c o m e f r o m r e p o r t e d 
t r a n s a c t i o n s a n d r e f l e c t t h e BEA's d e c i s i o n s 
a b o u t what t y p e s of d a t a b e s t c o r r e s p o n d t o 
its c o n c e p t of i n c o m e . Many c o n s u m e r out lays 
such a s tax p a y m e n t s a n d p u r c h a s e s at retail 
s t o r e s a r e a l s o r e c o r d e d in such a way that di -
rect e s t i m a t e s a r e s tra ightforward. 3 

U n f o r t u n a t e l y , o t h e r c o m p o n e n t s of c o n -
s u m e r i n c o m e , t a x e s , a n d o u t l a y s a r e n o t s o 
e a s i l y d e t e r m i n e d . O n e s e t of t h e s e f lows o c -
curs w h e n i n c o m e is r e c e i v e d "in k i n d " — t h a t 
is, n o t a s a m o n e t a r y p a y m e n t b u t a s a g o o d 
o r s e r v i c e . I n - k i n d f lows i n c l u d e f o o d p r o -
d u c e d a n d c o n s u m e d on t h e farm, m e a l s pro-
v i d e d b y b u s i n e s s e s a t l i t t l e o r no c o s t t o 
e m p l o y e e s , a n d b a n k i n g s e r v i c e s r e n d e r e d 
t o c o n s u m e r s w i t h o u t an e x p l i c i t f e e . S i n c e 
s u c h g o o d s a n d s e r v i c e s a r e in kind, t h e y a r e 
c o n s u m e d s i m u l t a n e o u s l y with t h e i n c o m e 
flow a n d a f f e c t f i g u r e s for b o t h p e r s o n a l in-
c o m e a n d o u t l a y s — a n d h e n c e h a v e no e f f e c t 
on t h e l eve l of p e r s o n a l sav ings . 

A n o t h e r s e t o f i n c o m e a n d o u t l a y f l o w s 
t h a t is n o t d i r e c t l y m e a s u r a b l e a r i s e s f rom 
c o n s u m e r s ' u s e of long- las t ing p r o d u c t s s u c h 
a s o w n e r - o c c u p i e d hous ing , a u t o s , a n d o t h e r 
c o n s u m e r d u r a b l e g o o d s , p u r c h a s e d all a t 
o n c e b u t c o n s u m e d during a long p e r i o d . Da-
ta re f lec t ing t h e v a l u e of t h e s e p r o d u c t s a r e 
r e c o r d e d at t h e t i m e of o w n e r s h i p t r a n s f e r , 
b u t t h e v a l u e o f s e r v i c e s f l o w i n g f r o m a 
h o u s e , an a u t o m o b i l e , or a c o n s u m e r d u r a b l e 
dur ing e a c h p e r i o d is not r e c o r d e d . 

T h e s e f lows t h a t a r e n o t d i r e c t l y m e a s u r -
a b l e m a y b e t r e a t e d in s e v e r a l ways . In t h e 
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Table 1. 
Derivation of Personal Savings Rate 

(levels in billions of current dollars) 

Personal Tax Disposable 
Personal - and Nontax = Personal - Personal = Personal 
Income Payments Income Outlays Savings 

The Savings Rate : 
Personal Savings 
a s a Percentage 

of Disposable 
Personal Income 

1960 4 0 9 . 4 50 .5 3 5 8 . 9 338.1 2 0 . 8 5 .8 
1961 4 2 6 . 0 52 .3 3 7 3 . 8 3 4 8 . 9 2 4 . 9 6 .6 
1962 4 5 3 . 2 57 .0 396.1 3 7 0 . 2 25 .9 6 .5 
1 9 6 3 4 7 6 . 4 60 .5 4 1 5 . 8 3 9 1 . 2 24 .6 5 .9 
1 9 6 4 5 1 0 . 2 58 .8 4 5 1 . 4 4 1 9 . 9 31 .6 7 .0 

1965 5 5 2 . 0 6 5 . 2 4 8 6 . 8 4 5 2 . 5 34 .3 7 .0 
1 9 6 6 6 0 0 . 8 74 .9 5 2 5 . 9 4 8 9 . 9 35 .9 6 .8 
1 9 6 7 6 4 4 . 6 82 .5 562.1 5 1 6 . 9 45 .2 8 .0 
1 9 6 8 7 0 7 . 2 97 .7 6 0 9 . 6 567.1 4 2 . 4 7 .0 
1969 7 7 3 . 0 116.3 6 5 6 . 7 6 1 4 . 5 4 2 . 2 6 .4 

1970 8 3 1 . 8 116 .2 7 1 5 . 6 6 5 7 . 8 57 .8 8.1 
1971 8 9 4 . 0 117.3 7 7 6 . 8 7 1 0 . 4 66 .3 8 .5 
1 9 7 2 9 8 1 . 6 142 .0 8 3 9 . 6 7 7 8 . 2 61 .3 7 .3 
1 9 7 3 1 ,101 .7 151 .9 9 4 9 . 8 8 6 0 . 8 89 .0 9 .4 
1 9 7 4 1 ,210.1 171 .8 1 ,038 .3 9 4 1 . 6 9 6 . 7 9 .3 

1 9 7 5 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 
1 9 7 7 1 ,607 .5 2 2 8 . 2 1 ,379 .3 1 ,288 .6 90 .7 6 .6 
1 9 7 8 1 ,812 .4 2 6 1 . 2 1 ,551 .2 1 , 4 4 1 . 0 110 .2 7.1 
1 9 7 9 2 , 0 3 4 . 0 3 0 4 . 7 1 ,729 .3 1 ,611 .2 118.1 6 .8 

1 9 8 0 2 , 2 5 8 . 5 3 4 0 . 6 1 , 9 1 8 . 0 1,781.1 136 .9 7.1 
1981 2 , 5 2 0 . 9 3 9 3 . 3 2 ,127 .6 1 ,968 .2 159 .4 7 .5 
1 9 8 2 2 , 6 7 0 . 8 4 0 9 . 3 2 , 2 6 1 . 4 2 , 1 0 7 . 5 154 .0 6 .8 
1 9 8 3 2 ,838 .6 4 1 0 . 5 2 ,428 .1 2 , 2 9 7 . 5 130 .6 5 .4 
1 9 8 4 3 , 1 0 8 . 8 4 4 0 . 2 2 , 6 6 8 . 6 2 , 5 0 4 . 5 164.1 6.1 

1 9 8 5 3 , 3 2 5 . 4 4 8 6 . 6 2 , 8 3 8 . 7 2 , 7 1 3 . 3 125 .4 4 .4 
1 9 8 6 3 , 5 2 6 . 2 5 1 2 . 9 3 , 0 1 3 . 3 2 , 8 8 8 . 5 124 .9 4.1 
1 9 8 7 3 , 7 6 6 . 4 5 7 1 . 7 3 , 1 9 4 . 7 3 , 1 0 2 . 3 9 2 . 5 2 .9 
1988 4 , 0 7 0 . 8 5 9 1 . 5 3 , 4 7 9 . 3 3 ,333 .6 145 .7 4 .2 
1989 4 , 3 8 4 . 3 6 5 8 . 8 3 , 7 2 5 . 5 3 , 5 5 3 . 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 e s t i m a t e s , for i n s t a n c e , i n c o m e f rom 
and c o n s u m p t i o n of o w n e r - o c c u p i e d h o u s -
ing a r e b a s e d on an e s t i m a t e o f r e n t t h a t 
w o u l d h a v e b e e n p a i d h a d t h e h o u s i n g 
b e e n r e n t e d i n s t e a d of o w n e d . T h i s p r o c e -
dure r e s u l t s in i m p u t e d i n c o m e a n d o u t l a y 
e s t i m a t e s s imi lar t o b u t m o r e c o m p l i c a t e d 
than e s t i m a t e s a s s o c i a t e d with in -k ind in-
c o m e a n d c o n s u m p t i o n . For a u t o s a n d o t h e r 
c o n s u m e r d u r a b l e s , t h e BEA t a k e s a differ-
e n t tack . It u s e s current e x p e n d i t u r e d a t a a s 
its o u t l a y e s t i m a t e . 

Major Measurement Decisions and 
Their Effects 

This art ic le is a look at t h e i m p a c t of two 
spec i f ic s e t s of BEA m e a s u r e m e n t d e c i s i o n s : 
(1) t r e a t m e n t of i m p u t e d i n c o m e a n d c o n -
s u m p t i o n and (2) t r e a t m e n t of c o n s u m p t i o n 
of a u t o s a n d o t h e r c o n s u m e r d u r a b l e s . 

I m p u t a t i o n s for O w n e r - O c c u p i e d Hous-
ing In figures for t h e p e r i o d 1960-89, imputa-
t i o n s o f i n c o m e a n d o u t l a y s r e l a t e d t o 
o w n e r - o c c u p i e d hous ing a r e t h e larges t im-
puta t ions in p e r s o n a l i n c o m e a n d c o n s u m p -
t ion. 4 They , a long with imputat ion of i n c o m e 
from financial s e r v i c e s r e c e i v e d without pay-
ment , m a k e up m o s t of t h e v a l u e of p e r s o n a l 
i n c o m e i m p u t a t i o n s . In 1989, i m p u t e d gross 
s p a c e rent e q u a l e d m o r e than 8 p e r c e n t of 
p e r s o n a l i n c o m e a n d s l ight ly m o r e than 10 
p e r c e n t of p e r s o n a l out lays . 

For b o t h n o n f a r m a n d farm c o m p o n e n t s , 
t h e i m p u t a t i o n s for o w n e r - o c c u p i e d hous ing 
begin with e s t i m a t e s of t h e rental e q u i v a l e n t 
for h o u s i n g c o n s u m p t i o n . T h e BEA t r e a t s 
h o m e o w n e r s as u n i n c o r p o r a t e d b u s i n e s s en-
t i t ies owning res ident ia l proper ty a n d renting 
it to t h e m s e l v e s . G r o s s e a r n i n g s a r e f igures 
for s p a c e rent from which e s t i m a t e d c o s t s of 
m a i n t e n a n c e a n d r e p a i r p r o d u c t s a n d s e r -
v i c e s are s u b t r a c t e d to g e t t h e cont r ibut ion 
of o w n e r - o c c u p i e d hous ing to gross hous ing 
product . T o ca l cu la te t h e n e t rental i n c o m e of 
p e r s o n s t h r e e o t h e r i t e m s a r e s u b t r a c t e d — 
capital c o n s u m p t i o n a l lowances , proper ty tax 
l i a b i l i t i e s , a n d i n t e r e s t p a y m e n t s on h o u s -
i n g — a n d hous ing s u b s i d i e s are a d d e d . T h e 
result , n e t rental i n c o m e for o w n e r - o c c u p i e d 

housing, is i n c l u d e d in p e r s o n a l i n c o m e . T o 
d e r i v e renta l e x p e n s e , i m p u t e d renta l out -
lays e q u a l i n g net rental i n c o m e plus capita l 
c o n s u m p t i o n a l l o w a n c e s a n d i n d i r e c t b u s i -
n e s s t a x e s are a d d e d to p e r s o n a l c o n s u m p -
t ion. Finally, to avoid d o u b l e count ing , t h e 
B E A s h i f t s f i g u r e s for a c t u a l p u r c h a s e s o f 
o w n e r - o c c u p i e d hous ing out of t h e p e r s o n a l 
c o n s u m p t i o n category. This last c h a n g e l imits 
t h e a m o u n t of p e r s o n a l out lays on this hous-
ing c o m p o n e n t to i m p u t e d rental e x p e n s e . 

As a result of this t r e a t m e n t , p e r s o n a l in-
c o m e f igures are r e d u c e d by t h e a m o u n t of 
s u b s i d i e s ; in r e c e n t years m e a s u r e d p e r s o n -
al i n c o m e h a s a l s o b e e n r e d u c e d b y t h e 
a m o u n t o f n e t r e n t a l i n c o m e b e c a u s e t h a t 
n u m b e r has b e e n negat ive . Addit ionally, im-
p u t e d p e r s o n a l tax p a y m e n t s a r e l e s s than 
t h e n o n i m p u t a t i o n l e v e l b e c a u s e p r o p e r t y 
t a x e s o n o w n e r - o c c u p i e d h o u s i n g a r e 
c h a r g e d to t h e b u s i n e s s s e c t o r rather than to 
h o u s e h o l d s . H o u s e h o l d s ' o u t l a y s a r e in-
c r e a s e d b y t h e a m o u n t of i m p u t e d rental ex-
p e n s e s . T h e n e t e f fec t of t h e s e i m p u t a t i o n s 
is to r e d u c e p e r s o n a l tax p a y m e n t s , t h e r e b y 
raising d i s p o s a b l e persona l i n c o m e . Typical -
ly in t h e United S t a t e s p e r s o n a l c o n s u m p t i o n 
out lay f igures are r e d u c e d b e c a u s e purchas-
e s of o w n e r - o c c u p i e d housing e x c e e d imput-
e d rental e x p e n s e . Thus, in t h e U.S. e c o n o m y 
m e a s u r e m e n t d e c i s i o n s h a v e t h e e f f e c t of 
ra is ing t h e o b s e r v e d l e v e l a n d r a t e of p e r -
sonal savings. 

Other Imputat ions . T h e next largest dol lar 
v a l u e of i m p u t e d p e r s o n a l i n c o m e a n d out-
l a y s i n v o l v e s c e r t a i n f i n a n c i a l s e r v i c e s re-
c e i v e d by p e r s o n s without p a y m e n t for t h e m , 
in 1989 th is s e r i e s e q u a l e d a b o u t 2 p e r c e n t 
of p e r s o n a l i n c o m e a n d a b o u t 2.5 p e r c e n t of 
p e r s o n a l out lays . C o n s u m e r s pay direct ly for 
s o m e financial s e r v i c e s b u t not for all. For ex-
a m p l e , many bank a c c o u n t s are e x e m p t from 
s e r v i c e c h a r g e s if cer ta in m i n i m u m b a l a n c e 
r e q u i r e m e n t s a r e m e t . In a d d i t i o n , a c u s -
t o m e r w h o m a i n t a i n s a m i n i m u m b a l a n c e 
might r e c e i v e a s m a l l i n s u r a n c e p o l i c y a n d 
addi t ional f inancial s e r v i c e s . T h e c u s t o m e r ' s 
f inancial ins t i tut ion c o v e r s t h e c o s t s of pro-
v i d i n g t h e s e s e r v i c e s with e a r n i n g s f rom 
funds d e p o s i t e d t h e r e . In fact, b a n k i n t e r e s t 
e a r n i n g s a r e typ ica l ly h i g h e r than t h e c o m -
b i n e d e x p e n s e s of t h e s e " f ree s e r v i c e s " a n d 
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i n t e r e s t pa id t o c o n s u m e r s . T h e o r e t i c a l l y , a 
d e p o s i t o r c o u l d r e c e i v e i n t e r e s t i n c o m e 
e q u a l to that e a r n e d by t h e b a n k and could 
s e p a r a t e l y p u r c h a s e t h e s e r v i c e s . T h e BEA 
t r e a t s t h e d i f f e r e n c e b e t w e e n t h e b a n k inter-
e s t e a r n i n g s on c u s t o m e r d e p o s i t s a n d t h e 
a b o v e two e x p e n s e s as i m p u t e d i n t e r e s t in-
c o m e to p e r s o n s . An e q u a l dol lar a m o u n t is 
i m p u t e d to p e r s o n a l c o n s u m p t i o n for c o n -
s u m p t i o n of f inancial s e r v i c e s . For t h e i r im-
p u t a t i o n s , t h e i n c o m e is e q u a l t o t h e 
out lays . 

O t h e r i m p u t a t i o n s i n c l u d e e m p l o y m e n t -
r e l a t e d s e r i e s for food furn ished to e m p l o y -
e e s ( i n c l u d i n g m i l i t a r y a n d d o m e s t i c 
e m p l o y e e s ) a n d s t a n d a r d c lo th ing i s s u e d to 
m i l i t a r y p e r s o n n e l . I m p u t a t i o n s a r e a l s o 
m a d e f o r r e n t a l v a l u e o f b u i l d i n g s a n d 
e q u i p m e n t o w n e d a n d u s e d b y n o n p r o f i t 
i n s t i t u t i o n s s e r v i n g i n d i v i d u a l s , for farm 
p r o d u c t s c o n s u m e d on farms, a n d for mar-
g ins on o w n e r - b u i l t h o m e s . 

Whi le t h e BEA's i m p u t a t i o n d e c i s i o n s a r e 
all r e a s o n a b l e , t h e r e a r e a l t e r n a t i v e s t h a t 
i n c o r p o r a t e o t h e r ways of a c c o u n t i n g for im-
p u t a t i o n s . 5 T h e s ignif icant p o i n t is t h a t t h e 
m e t h o d s o f i m p u t a t i o n u s e d b y t h e BEA 
h a v e an i m p a c t on b o t h t h e t i m e path a n d 
l e v e l of t h e U.S. sav ings rate . 

I m p a c t o f I m p u t a t i o n s . W h a t i m p a c t s 
h a v e i m p u t e d i n c o m e a n d o u t l a y s h a d on 
t h e p e r s o n a l s a v i n g s r a t e ? T a b l e 2 c o m -
p a r e s l e v e l s of p e r s o n a l i n c o m e a n d c o m -
p o n e n t s a c c o r d i n g t o BEA m e a s u r e s , with 
a n d w i t h o u t i m p u t a t i o n s . T h e i n c l u s i o n of 
i m p u t a t i o n s by t h e BEA s igni f icant ly ra i ses 
tota l as well as d i s p o s a b l e p e r s o n a l i n c o m e ; 
p e r s o n a l o u t l a y s a r e a l s o i n c r e a s e d , a l -
though by re la t ive ly l e s s . C o n s e q u e n t l y , a s 
m e n t i o n e d ear l ier , p e r s o n a l sav ings f igures 
are h i g h e r with BEA i m p u t a t i o n s than if im-
p u t e d i n c o m e and e x p e n s e s w e r e ignored . 

In the i r i n f l u e n c e on t h e level of persona l 
a n d d i s p o s a b l e p e r s o n a l i n c o m e , f inanc ia l 
s e r v i c e s furnished without p a y m e n t a c c o u n t -
e d for virtually all of t h e h igher leve l . With 
imputat ions , p e r s o n a l i n c o m e was $82 .6 bil-
lion h igher in 1989; of this a m o u n t , $90 .3 bil-
l i o n c a m e f r o m t h e f i n a n c i a l s e r v i c e s 
c o m p o n e n t . O w n e r - o c c u p i e d hous ing impu-
ta t ions (farm and nonfarm) r e d u c e d p e r s o n a l 
i n c o m e b y $ 1 8 . 0 bil l ion that year. 
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1 9 6 5 5 5 2 . 0 5 3 2 . 7 65 .2 74.1 4 8 6 . 8 4 5 8 . 5 4 5 2 . 5 4 4 1 . 9 34 .3 16 .6 
1 9 6 6 6 0 0 . 8 5 7 9 . 7 74 .9 84 .5 5 2 5 . 9 4 9 5 . 2 4 8 9 . 9 4 7 4 . 6 3 5 . 9 2 0 . 5 
1 9 6 7 6 4 4 . 6 622.1 8 2 . 5 93 .2 562.1 5 2 8 . 9 5 1 6 . 9 4 9 8 . 8 4 5 . 2 3 0 . 2 
1968 7 0 7 . 2 6 8 4 . 4 9 7 . 7 109 .8 6 0 9 . 6 5 7 4 . 6 567.1 5 4 8 . 6 4 2 . 4 2 6 . 0 
1 9 6 9 7 7 3 . 0 7 4 8 . 9 116 .3 129 .8 6 5 6 . 7 619 .1 6 1 4 . 4 594 .1 4 2 . 2 2 5 . 0 

1 9 7 0 8 3 1 . 8 8 0 6 . 3 116 .2 131 .6 7 1 5 . 6 6 7 4 . 7 6 5 7 . 8 6 3 2 . 8 57 .8 4 2 . 0 
1971 8 9 4 . 0 8 6 8 . 0 117 .2 134 .2 7 7 6 . 8 7 3 3 . 8 7 1 0 . 4 693.1 66 .3 4 0 . 7 
1 9 7 2 9 8 1 . 6 9 5 5 . 3 142 .0 160 .2 8 3 9 . 6 795 .1 7 7 8 . 2 7 6 6 . 3 61 .3 2 8 . 5 
1 9 7 3 1 ,101 .7 1 ,073 .7 151 .9 171 .6 9 4 9 . 8 9 0 2 . 0 8 6 0 . 8 8 4 8 . 7 89 .0 5 3 . 4 
1 9 7 4 1 ,210.1 1 , 1 7 9 . 5 171 .8 192 .8 1 , 0 3 8 . 3 9 8 6 . 7 9 4 1 . 6 918.1 9 6 . 7 6 8 . 7 

1 9 7 5 1 ,313 .4 1 , 2 8 0 . 0 170 .6 193 .7 1 , 1 4 2 . 8 1 ,086 .3 1,038.1 1 ,006 .8 104 .6 79 .5 
1 9 7 6 1 ,451 .4 1 ,417 .0 198 .7 2 2 4 . 2 1 ,252 .6 1 ,192 .8 1 , 1 5 6 . 8 1 ,137 .2 9 5 . 8 5 5 . 6 
1 9 7 7 1 ,607 .5 1 ,574 .0 2 2 8 . 2 2 5 6 . 2 1 , 3 7 9 . 3 1 ,317 .8 1 ,288 .6 1 ,285.1 9 0 . 7 3 2 . 8 
1 9 7 8 1 ,812 .4 1 ,771 .7 2 6 1 . 2 2 8 9 . 9 1 ,551 .2 1 , 4 8 1 . 8 1 ,441 .0 1 , 4 3 8 . 8 110 .2 4 3 . 0 
1 9 7 9 2 , 0 3 4 . 0 1 ,990 .6 3 0 4 . 7 3 3 4 . 3 1 ,729 .3 1 , 6 5 6 . 3 1 ,611 .2 1 ,589 .9 118.1 6 6 . 4 

1 9 8 0 2 , 2 5 8 . 5 2 , 2 1 3 . 5 3 4 0 . 6 3 7 2 . 6 1 ,918 .0 1 , 8 4 0 . 9 1 ,781.1 1 , 7 3 6 . 8 136 .9 104.1 
1981 2 , 5 2 0 . 9 2 , 4 7 5 . 5 3 9 3 . 3 429.1 2 , 1 2 7 . 6 2 , 0 4 6 . 4 1 ,968 .2 1 , 9 1 7 . 5 159 .4 1 2 8 . 9 
1 9 8 2 2 , 6 7 0 . 8 2 , 6 2 3 . 3 4 0 9 . 3 4 4 8 . 8 2 , 2 6 1 . 4 2 , 1 7 4 . 5 2 , 1 0 7 . 5 2 , 0 3 7 . 6 154 .0 1 3 6 . 9 
1 9 8 3 2 , 8 3 8 . 6 2 ,784 .1 4 1 0 . 5 4 5 3 . 0 2 ,428 .1 2 ,331 .1 2 , 2 9 7 . 5 2 , 2 6 9 . 9 130 .6 61 .2 
1 9 8 4 3 , 1 0 8 . 8 3 , 0 5 9 . 4 4 4 0 . 2 4 8 6 . 2 2 , 6 6 8 . 6 2 , 5 7 3 . 2 2 , 5 0 4 . 5 2 , 4 8 4 . 2 164.1 89 .0 

1 9 8 5 3 , 3 2 5 . 4 3 , 2 7 0 . 0 4 8 6 . 6 536 .1 2 , 8 3 8 . 7 2 , 7 3 3 . 9 2 , 7 1 3 . 3 2 , 6 8 7 . 6 125 .4 4 6 . 3 
1 9 8 6 3 , 5 2 6 . 2 3 ,455 .1 5 1 2 . 9 5 6 5 . 6 3 , 0 1 3 . 4 2 , 8 8 9 . 5 2 , 8 8 8 . 5 2 , 8 7 2 . 0 124 .9 17 .5 
1 9 8 7 3 , 7 6 6 . 4 3 , 6 7 9 . 3 5 7 1 . 7 6 2 7 . 6 3 , 1 9 4 . 7 3 , 0 5 1 . 7 3 , 1 0 2 . 3 3 , 0 6 9 . 4 9 2 . 5 - 1 7 . 7 
1 9 8 8 4 , 0 7 0 . 8 3 , 9 8 3 . 4 5 9 1 . 5 6 5 0 . 6 3 , 4 7 9 . 3 3 , 3 3 2 . 9 3 , 3 3 3 . 6 3 , 3 0 5 . 8 1 4 5 . 7 27.1 
1 9 8 9 4 , 3 8 4 . 3 4 , 3 0 1 . 7 6 5 8 . 8 723 .1 3 , 7 2 5 . 5 3 , 5 7 8 . 6 3 , 5 5 3 . 7 3 , 5 0 7 . 2 171 .8 6 9 . 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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O u t l a y s w e r e a l s o h i g h e r w i t h i m p u t a -
t i o n s . Of c o u r s e , t h e t r e a t m e n t o f f i n a n c i a l 
s e r v i c e s r e c e i v e d w i t h o u t p a y m e n t r a i s e s 
b o t h i n c o m e a n d c o n s u m p t i o n b y t h e s a m e 
a m o u n t , g i v i n g a g r e a t e r r e l a t i v e b o o s t t o 
o u t l a y s . H o w e v e r , a s i g n i f i c a n t p o r t i o n o f 
p e r s o n a l o u t l a y s is c r e d i t e d t o w a r d n e t pur-
c h a s e s o f h o u s i n g . T h i s c a l c u l a t i o n r e d u c e s 
t h e o v e r a l l a m o u n t b y w h i c h t h e i m p u t a -
t i o n s for o u t l a y s r a i s e t h e l e v e l o f p e r s o n a l 
o u t l a y s . In 1989 , i m p u t a t i o n s r a i s e d o u t l a y s 
b y o n l y $ 4 6 . 5 b i l l i o n , c o m p a r e d w i t h an 
$ 8 2 . 6 b i l l ion i n c r e a s e in i n c o m e . 

F i n a l l y , p e r s o n a l t a x a n d n o n t a x p a y -
m e n t s a r e c o n s i d e r a b l y l o w e r with i m p u t a -
t i o n s i n c l u d e d . T h e d i f f e r e n c e w a s $ 6 4 . 3 
b i l l i o n in 1989. T h e f a c t o r a c c o u n t i n g for t h e 
l o w e r f i g u r e s is t h e sh i f t ing of t a x e s a n d in-
t e r e s t e x p e n s e s t o o w n e r - o c c u p i e d h o u s i n g 
c h a r g e s a g a i n s t G N P . 

T h e p e r s o n a l s a v i n g s r a t e is a l s o h i g h e r 
( s e e T a b l e 3) . T h e B E A ' s m e a n r a t e for t h e 
1960-89 p e r i o d is 6 .7 p e r c e n t . Wi thout i m p u -
t a t i o n s t h e m e a n is 3 .8 p e r c e n t . T h e sav ings 
r a t e ' s s m a l l d o w n w a r d t r e n d o v e r t h e e n t i r e 
1 9 6 0 - 8 9 p e r i o d i s a b o u t o n e a n d t h r e e -
q u a r t e r s t i m e s t h e w i t h o u t - i m p u t a t i o n s 
t r e n d . I m p u t a t i o n s a l s o c o n s i d e r a b l y r e -
d u c e d t h e s a v i n g s ra te ' s var iat ion. T h e official 
s e r i e s ' c o e f f i c i e n t of variat ion is l e s s than half 
tha t of t h e s e r i e s without i m p u t a t i o n s . T h e s e 
i m p a c t s on l e v e l , t r e n d , a n d var iat ion can al-
s o b e s e e n in Chart 1. I n t e r e s t i n g l y e n o u g h , 
b o t h s e r i e s d e c l i n e d b y 6 . 5 p e r c e n t a g e 
p o i n t s from t h e p o s t - 1 9 6 0 p e a k s a v i n g s r a t e 
in 1973 t o t h e 1987 low point . 

Treatment of Autos and Other 
Consumer Durables 

T h o s e w h o m o n i t o r m o n t h l y r e l e a s e s o f 
e c o n o m i c d a t a h a v e l o n g r e c o g n i z e d t h a t 
swings in s a l e s of a u t o s a n d o t h e r c o n s u m e r 
d u r a b l e s h a v e a s i g n i f i c a n t i m p a c t o n 
c h a n g e s in m e a s u r e m e n t s of p e r s o n a l c o n -
s u m p t i o n a n d an e v e n g r e a t e r re la t ive e f f e c t 
on t h e p e r s o n a l sav ings rate . T h e BEA's t rea t -
m e n t of c o n s u m p t i o n o u t l a y s for a u t o s a n d 
o t h e r c o n s u m e r d u r a b l e s a c c o u n t s for t h i s 

p a t t e r n : t h e B E A c o u n t s a u t o a n d o t h e r 
d u r a b l e s p u r c h a s e s b y c o n s u m e r s a s fully 
c o n s u m e d in t h e m o n t h of p u r c h a s e . T h i s ap-
p r o a c h s i m p l i f i e s t h e m e a s u r e m e n t o f a u t o 
a n d c o n s u m e r d u r a b l e s p r o d u c t i o n a s part of 
t h e BEA's G N P e s t i m a t e , which is a m e a s u r e 
o f c u r r e n t p r o d u c t i o n , n o t i n c o m e . O t h e r 
m e a s u r e m e n t d e c i s i o n s would y i e l d d i f f e rent 
t i m e p a t t e r n s of i n c o m e a n d c o n s u m p t i o n 
a n d di f ferent l e v e l s of t h e s a v i n g s rate . 

An a l t e r n a t i v e a p p r o a c h t o t h a t u s e d b y 
t h e B E A is t o e s t i m a t e t h e flow of s e r v i c e s 
f r o m a u t o s a n d o t h e r c o n s u m e r d u r a b l e s 
c o n s u m e d o v e r t i m e fol lowing t h e p r i n c i p l e 
b e h i n d t h e i m p u t a t i o n o f i n c o m e from a n d 
c o n s u m p t i o n o f t h e s e r v i c e s o f o w n e r -
o c c u p i e d h o u s i n g . 6 Using an e s t i m a t e of d e -
p r e c i a t i o n t o m e a s u r e t h e f low o f i n c o m e 
from t h e c o n s u m p t i o n of c o n s u m e r d u r a b l e s 
in y e a r s b e y o n d t h e p u r c h a s e d a t e i l l u s -
t r a t e s t h i s a l t e r n a t i v e ' s i m p a c t on s a v i n g s 
r a t e m e a s u r e s . 7 

T o d e t e r m i n e t h e m e t h o d ' s r e l a t i v e influ-
e n c e on t h e p e r s o n a l savings rate, an a d j u s t e d 
p e r s o n a l s a v i n g s ra te s e r i e s can b e c r e a t e d . 
Using a port ion of current c o n s u m e r d u r a b l e s 
c o n s u m p t i o n a n d a d d i n g a s h a r e of s a l e s from 
pr ior y e a r s o v e r t h e d e p r e c i a b l e l i f e t i m e of 
t h e product , o n e can c a l c u l a t e a p p r o x i m a t e l y 
t h e i m p a c t of m e a s u r i n g i n c o m e a n d s e r v i c e s 
c o n s u m e d from c o n s u m e r d u r a b l e s . 

For a u t o m o b i l e s f ive y e a r s is t h e a p p r o p r i -
a t e d e p r e c i a t i o n p e r i o d ; p e r s o n a l c o n s u m p -
t ion for m o t o r v e h i c l e s a n d par t s is e s t i m a t e d 
on a s t r a i g h t - l i n e b a s i s . A s s u m i n g t h a t pur-
c h a s e s on a v e r a g e t a k e p l a c e in m i d - y e a r 
( t h a t is , p u r c h a s e s a r e e v e n l y d i s t r i b u t e d 
o v e r t h e y e a r ) , o n e - t e n t h o f c o n s u m p t i o n 
t a k e s p l a c e in t h e y e a r of p u r c h a s e , a n o t h e r 
one- f i f th o c c u r s in e a c h of t h e n e x t four y e a r s , 
a n d t h e r e m a i n i n g o n e - t e n t h is d e p r e c i a t e d 
t h e sixth year . T o c r e a t e t h e a d j u s t e d p e r s o n -
al sav ings ra te s e r i e s , t h e official c o m p o n e n t 
for m o t o r v e h i c l e c o n s u m p t i o n is s u b t r a c t e d 
from o u t l a y s a n d t h e n e w e s t i m a t e us ing th is 
d e p r e c i a t i o n m e a s u r e is s u b s t i t u t e d . T a b l e 4 
a n d C h a r t 2 c o m p a r e t h e p e r s o n a l s a v i n g s 
r a t e m e a s u r e d with t h e a d j u s t m e n t for a u t o 
i n c o m e a n d c o n s u m p t i o n . 

As s h o w n in T a b l e 4, a d j u s t e d in th is m a n -
ner , t h e s e r i e s for t h e p e r s o n a l s a v i n g s ra te 

4 4 ECONOMIC REVIEW, JULY/AUGUST 1990 Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



Table 3. 
Personal Savings Rate, Official and Without Imputations 

Personal S a v i n g s R a t e Y ear - to -Y ear C h a n g e 
Official Without Difference Official Without Difference 

1 9 6 0 5 . 8 1 . 5 4 . 3 - 0 . 5 0.1 - 0 . 6 
1961 6 . 6 2 . 9 3 . 7 0 . 8 1 .4 - 0 . 6 
1 9 6 2 6 . 5 2 . 7 3 . 8 - 0 . 1 - 0 . 2 0.1 
1 9 6 3 5 . 9 1 .9 4 . 0 - 0 . 6 - 0 . 8 0 . 2 
1 9 6 4 7 . 0 3 . 3 3 . 7 1.1 1 .4 - 0 . 3 

1 9 6 5 7.1 3 . 6 3 . 5 0.1 0 . 3 - 0 . 2 
1 9 6 6 6 . 8 4.1 2 . 7 - 0 . 3 0 . 5 - 0 . 8 
1 9 6 7 8 . 0 5 . 7 2 . 3 1 .2 1 .6 - 0 . 4 
1 9 6 8 7 . 0 4 . 5 2 . 5 - 1 . 0 - 1 . 2 0 . 2 
1 9 6 9 6 . 4 4 . 0 2 . 4 - 0 . 6 - 0 . 5 - 0 . 1 

1 9 7 0 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 
1 9 7 2 7 . 3 3 . 6 3 . 7 - 1 . 2 - 1 . 9 0 . 7 
1 9 7 3 9 . 4 5 . 9 3 . 5 2.1 2 . 3 - 0 . 2 
1 9 7 4 9 . 3 7 . 0 2 . 3 - 0 . 1 1.1 - 1 . 2 

1 9 7 5 9 . 2 7 . 3 1 .9 - 0 . 1 0 . 3 - 0 . 4 
1 9 7 6 7 . 6 4 . 7 2 . 9 - 1 . 6 - 2 . 6 1 .0 
1 9 7 7 6 . 6 2 . 5 4.1 - 1 . 0 - 2 . 2 1.2 
1 9 7 8 7.1 2 . 9 4 . 2 0 . 5 0 . 4 0.1 
1 9 7 9 6 . 8 4 . 0 2 . 8 - 0 . 3 1.1 - 1 . 4 

1 9 8 0 7.1 5 . 7 1 .4 0 . 3 1 .7 - 1 . 4 
1981 7 . 5 6 . 3 1 .2 0 . 4 0 . 6 - 0 . 2 
1 9 8 2 6 . 8 6 . 3 0 . 5 - 0 . 7 0 . 0 - 0 . 7 
1 9 8 3 5 . 4 2 . 6 2 . 8 - 1 . 4 - 3 . 7 2 . 3 
1 9 8 4 6.1 3 . 5 2 . 6 0 . 7 0 . 9 - 0 . 2 

1 9 8 5 4 . 4 1 .7 2 . 7 - 1 . 7 - 1 . 8 0.1 
1 9 8 6 4.1 0 . 6 3 . 5 - 0 . 3 - 1 . 1 0 . 8 
1 9 8 7 2 . 9 - 0 . 6 3 . 5 - 1 . 2 - 1 . 2 0 . 0 
1 9 8 8 4 . 2 0 . 8 3 . 4 1 .3 1 .4 - 0 . 1 
1 9 8 9 4 . 6 1 .9 2 . 7 0 . 4 1.1 - 0 . 7 

Mean 6 . 6 8 3 . 7 5 

Coefficient 
of Variation 0 . 2 3 0 . 5 4 

Trend - 0 . 0 8 - 0 . 0 5 

Long-Term 
Decline 
1 9 8 7 - 7 3 : 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 

Source: See Table 3. 

h a s a h i g h e r v a l u e t h r o u g h o u t than d o e s t h e 
official d a t a s e r i e s . T h e c o e f f i c i e n t s of varia-
t ion a r e s l ight ly l o w e r t h a n t h e off icial r a t e , 
a n d t h e d e c l i n e f r o m I 9 7 3 t h r o u g h 1 9 8 7 i s 
s l i g h t l y h i g h e r — 6 . 8 p e r c e n t a g e p o i n t s f o r 
t h e a d j u s t e d s e r i e s v e r s u s 6 .5 p e r c e n t a g e 
p o i n t s for t h e u n a d j u s t e d d a t a . A p p a r e n t l y , 
t h e B E A ' s t r e a t m e n t of a u t o p u r c h a s e s w a s 
s o m e w h a t f a v o r a b l e in t e r m s of t h e d e c l i n e 
in t h e p e r s o n a l sav ings ra te ' s n o t b e i n g a s s e -
v e r e o v e r t h e 1973-87 p e r i o d with t h e official 
s e r i e s v e r s u s t h e a d j u s t e d s e r i e s . H o w e v e r , 
t h e a d j u s t m e n t s ignif icant ly i n c r e a s e d t h e e s -
t i m a t e d s a v i n g s ra te b y an a v e r a g e of I p e r -
c e n t a g e p o i n t o v e r t h e 1 9 6 0 - 8 9 p e r i o d . 

T a b l e 4 a l s o s h o w s t h a t a p p l y i n g t h e pro-
c e d u r e u s e d with m o t o r v e h i c l e s t o e s t i m a t e 
an a d j u s t e d d e p r e c i a t i o n s e r i e s for a u t o s a n d 
o t h e r d u r a b l e s s i g n i f i c a n t l y r a i s e s t h e p e r -
s o n a l s a v i n g s r a t e a b o v e of f i c ia l a n d a u t o -

a d j u s t e d l e v e l s . T h e n o n a u t o a d j u s t m e n t 
p r o v i d e d a l i t t le m o r e than half of t h e upward 
b o o s t o f a l l d u r a b l e s . V a r i a b i l i t y a l s o i s 
marginal ly less . T h e p e r s o n a l s a v i n g s ra te d e -
c l i n e a l s o b e c o m e s m o r e p r o n o u n c e d w h e n 
t h e s a v i n g s ra te is a d j u s t e d for a u t o s a n d o th -
e r d u r a b l e s . T h u s , t h e B E A ' s p r o c e d u r e of 
c o u n t i n g d u r a b l e s a s fully c o n s u m e d w h e n 
p u r c h a s e d was s l ight ly f a v o r a b l e t o w a r d t h e 
o b s e r v e d p e r s o n a l s a v i n g s r a t e d u r i n g t h e 
1973-87 p e r i o d . On t h e o t h e r h a n d , t h e u s e of 
d u r a b l e s c o n s u m p t i o n b a s e d o n d e p r e c i a -
t ion r a i s e s t h e p e r s o n a l sav ing rate . This s e -
r i e s y i e l d e d a f igure 2 .9 p e r c e n t a g e p o i n t s 
h i g h e r t h a n t h e B E A ' s in 1973 a n d 2 .3 p e r -
c e n t a g e p o i n t s in 1987. 

T h e a b o v e p r o c e d u r e is a s i m p l e m e t h o d 
o f a d j u s t i n g f o r d u r a b l e s c o n s u m p t i o n 
a n d i n v e s t m e n t . In f a c t a m o r e e l a b o r a t e 
m e t h o d s u g g e s t e d b y B l a d e s a n d S t u r m 
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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 
Bas is Vehicles Durables Durables 

1 9 6 0 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 7.1 6 .6 7 .8 
1 9 6 4 7 .0 8.1 8.1 9 .2 

1 9 6 5 7 .0 8 .5 8 .3 9 .8 
1 9 6 6 6 .8 7 .8 8 .5 9 .4 
1 9 6 7 8 .0 8 .5 9 .5 10.0 
1 9 6 8 7 .0 8.1 8 .4 9 .6 
1969 6 .4 7 .5 7 .7 8 .8 

1 9 7 0 8.1 8 .4 9.1 9 .4 
1971 8 .5 9 .8 9 .4 10 .6 
1 9 7 2 7 .3 8 .8 8 .6 10 .0 
1 9 7 3 9 .4 10 .8 10.9 12.3 
1 9 7 4 9 .3 9 . 7 10 .8 11.1 

1 9 7 5 9 .2 9 .7 10 .5 11.1 
1 9 7 6 7 .6 9.1 9.1 10 .6 
1 9 7 7 6 .6 8 .4 8.1 9 .9 
1 9 7 8 7.1 8 .8 8 .7 10 .4 
1979 6 .8 8 .0 8 .4 9 .6 

1 9 8 0 7.1 7 .4 8 .4 8 .7 
1981 7 .5 7 .9 8 .6 9.1 
1 9 8 2 6 .8 7 .4 7 .7 8 .2 
1 9 8 3 5 .4 6 .6 6 .4 7 .6 
1 9 8 4 6.1 7 .9 7 .4 9.1 

1 9 8 5 4 . 4 6 .3 5 .7 7 .7 
1 9 8 6 4.1 5 .9 5 .5 7 .2 
1 9 8 7 2 .9 4 . 0 4 . 2 5 .2 
1 9 8 8 4 .2 5.1 5 .4 6 . 4 
1 9 8 9 4 .6 5 .2 5.7 6 .3 

Mean 6 .7 7.7 7 .9 8 .9 

Coefficient 
of Variation: 0 .23 0 . 1 9 0.21 0 . 1 9 

Trend - 0 . 0 8 - 0 . 0 7 - 0 . 0 6 - 0 . 0 5 

Long-Term 
Decline 
1 9 8 7 - 7 3 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 

1960 1 9 6 4 1968 1972 1 9 7 6 1980 1984 1988 

Source: See Table 3. 

( 1 9 8 2 ) p r o d u c e s a d r a m a t i c a l l y h i g h e r p e r -
s o n a l s a v i n g s r a t e o v e r t h e 1 9 6 0 - 8 9 p e r i o d . 
T h e i r m e t h o d e s s e n t i a l l y a d d s d u r a b l e s pur-
c h a s e s to t h e official s a v i n g s l eve l for t h e nu-
m e r a t o r of t h e p e r s o n a l savings rate a n d a d d s 
d e p r e c i a t i o n of d u r a b l e s p u r c h a s e s a s an in-
c o m e c o m p o n e n t to d i s p o s a b l e p e r s o n a l in-
c o m e for t h e d e n o m i n a t o r . Using t h e B l a d e s 
a n d S turm m e t h o d a n d t h e d e p r e c i a t i o n es t i -
m a t e s g i v e n e a r l i e r , th is t y p e of a d j u s t m e n t 
for to ta l d u r a b l e s p r o d u c e s a m e a n v a l u e of 
17 .42 p e r c e n t for t h e p e r s o n a l s a v i n g s r a t e 
o v e r t h e 1960-89 p e r i o d with a t r e n d of -0 .06 
a n d coe f f i c i en t of variat ion of only 0 .08 . How-
e v e r , t h e 1973-87 d e c l i n e is l e s s e n e d (in c o n -
t ras t t o t h e o t h e r a d j u s t m e n t m e t h o d ) , with 
only a 5.8 p e r c e n t a g e p o i n t d r o p . Obvious ly , 
t h e m e t h o d of a d j u s t m e n t d o e s s igni f icant ly 
af fect t h e level of t h e p e r s o n a l savings rate a s 
well a s t h e long- term t rend . 

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

T h e t w o m e a s u r e m e n t c o n v e n t i o n s d i s -
c u s s e d in t h i s a r t i c l e — t h e N a t i o n a l I n c o m e 
a n d P r o d u c t A c c o u n t t r e a t m e n t s of i m p u t e d 
i n c o m e a n d c o n s u m p t i o n a n d o f a u t o a n d 
c o n s u m e r d u r a b l e s c o n s u m p t i o n — c e r t a i n l y 
a r e n o t t h e only o n e s that a f fec t t h e p e r s o n a l 
s a v i n g s r a t e . H o w e v e r , t h e d a t a p r e s e n t e d 
h e r e i n d i c a t e t h a t m e a s u r e m e n t d e c i s i o n s re-
l a t e d t o t h e s e c o m p o n e n t s h a v e i n f l u e n c e d 
t h e l eve l a s well a s i n t e r t e m p o r a l var iat ion of 
t h e m e a s u r e d s a v i n g s rate . 

T h e B E A ' s h o u s i n g t r e a t m e n t r a i s e d t h e 
p e r s o n a l s a v i n g s ra te b e c a u s e p r o p e r t y t a x e s 
a s well a s e x p e n s e s w e r e s h i f t e d t o t h e b u s i -
n e s s s e c t o r a n d b e c a u s e o u t l a y s w e r e re -
d u c e d b y n e t p u r c h a s e s o f h o u s i n g . I t s 
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t r e a t m e n t o f a u t o s a n d c o n s u m e r d u r a b l e s 

l e d t o a s a v i n g s r a t e l o w e r t h a n t h e l e v e l i t 

w o u l d h a v e r e a c h e d h a d t h e s e g o o d s b e e n 

t r e a t e d a s p r o v i d e r s o f c o n s u m e r s e r v i c e s 

o v e r s e v e r a l y e a r s . 

Conclusion 

T h i s a n a l y s i s s e e k s t o d e m o n s t r a t e t h a t 

d e c i s i o n s a b o u t t h e m e a s u r e m e n t o f p e r -

s o n a l s a v i n g s r a t e c o m p o n e n t s c a n i n f l u e n c e 

l e v e l s , v a r i a b i l i t y , a n d t r e n d s in t h e p e r s o n -

a l s a v i n g s r a t e . G i v e n t h e i n f l u e n c e o f s o m e 

d e c i s i o n s o n d i f f i c u l t m e a s u r e m e n t i s s u e s in 

d e t e r m i n i n g U . S . s a v i n g s r a t e t r e n d s a n d 

l e v e l s , t h e " o f f i c i a l " p e r s o n a l s a v i n g s r a t e 

s h o u l d n o t b e c o n s i d e r e d a n e x c l u s i v e o r a 

p u r e r e f l e c t i o n o f c o n s u m e r b e h a v i o r . T h e 

u s e f u l n e s s o f t h e p e r s o n a l s a v i n g s r a t e m e a -

s u r e f o r a n a l y z i n g p e r s o n a l s a v i n g s b e h a v i o r 

b o t h o v e r t i m e a n d a m o n g c o u n t r i e s c a n b e 

i m p r o v e d b y c a r e f u l a n a l y s i s o f t h e i m p a c t 

o f m e a s u r e m e n t d e c i s i o n s o n t h e s a v i n g s 

r a t e ' s l e v e l a n d t r e n d s . 

N o t e s 

1 The fo l lowing studies exempl i fy discussions of how var-
ious factors in f luence the persona l savings rate. Hy-
p o t h e s e s a b o u t sav ings b e h a v i o r o v e r t i m e in t h e 
Un i ted States, par t icu lar ly personal savings, are con-
s idered in Summers and Carrol (1987) and by Bl inder 
and others in the discussion accompanying that art icle, 
in te rcount ry d i f fe rences in behav io r are the focus of 
Carrol and Summers (1987) and Frietas (1981); Blades 
and Sturm (1982) discuss bo th economic structure and 
d e f i n i t i o n d i f f e rences , w h i l e H e n d e r s h o t t and Peek 
(1987), d e L e e u w (1984), a n d Rugg les a n d Ruggles 
(1986) deal w i th the inf luences of varying def in i t ions. 

2 The Board of Governors of the Federal Reserve System 
(1980) p u b l i s h e s a d i f f e r e n t measure of t h e pe rson -
al sav ings ra te , b a s e d o n f low of f u n d s da ta . See 
d e L e e u w (1984) for a d i scuss ion of d i f f e r e n c e s be-
tween the BEA and Federal Reserve measures and an 
evaluat ion. 

1 For more d e t a i l e d in fo rmat ion on how t h e BEA est i -
mates personal income, see Byrnes et al. (1979). 

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

5 See, for example, Ruggles and Ruggles (1986) for an-
other approach to imputa t ions of personal income tax-
es and expendi tures. 

6 This approach has b e e n suggested by severa l o the r 
s tudents of nat ional income accounting. For instance, 
see B lades and S tu rm (1982), Ruggles and Ruggles 
(1986), and Hendershot t and Peek (1987). 

' I f t rea ted l i ke purchases of owner -occup ied housing, 
such an est imate wou ld also account for personal prop-
erty taxes pa id on autos and other durab les and for re-
pairs, maintenance, and interest expenses. Est imates 
in t h e r e m a i n d e r o f t h i s p a p e r f o l l ow Cor rado and 
S te inde l (1980) in ignor ing these i tems. Ruggles and 
Ruggles (1986) a d o p t t h e more comp l i ca ted m e t h o d 
more c losely para l le l ing t rea tment of owner -occup ied 
h o u s i n g . H e n d e r s h o t t a n d Peek (1987) a d j u s t by 
add ing auto and consumer durab les out lays to savings. 
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Book Review 
High Tech, Low Tech, No Tech: 
Recent Industrial and Occupational Change in the South 

by William W. Falk and T h o m a s A. Lyson. 
Albany, N.Y.: S ta te University of New York Press, 1988. 
181 pages . $44.50. 

Th e S o u t h ' s e c o n o m i c d e v e l o p m e n t , 
o r l a c k t h e r e o f , h a s b e e n t h e s u b j e c t 
o f m a n y t r e a t i s e s s i n c e e c o n o m i c 

p r o g r e s s in t h e r e g i o n w a s first r e c o g n i z e d a s 
l a g g i n g s e r i o u s l y b e h i n d a d v a n c e s in t h e r e s t 
o f t h e U n i t e d S t a t e s . A n u m b e r o f f a c t o r s a r e 
b l a m e d for c o n t r i b u t i n g t o t h e S o u t h ' s p e r s i s -
t e n t e c o n o m i c b a c k w a r d n e s s . M o s t h a v e t o 
d o with t h e r e g i o n ' s g e n e r a l l y p o o r u s e of re -
s o u r c e s , t h e low ski l l l e v e l s a n d e a r n i n g p o w -
e r o f s o u t h e r n e r s , a n d t h e i n e f f e c t i v e n e s s of 
m e a s u r e s a d o p t e d t o r e m e d y t h e r e g i o n ' s 
d e f i c i e n c i e s . 

T h e 1 9 7 0 s b r o u g h t t h e first c a u s e for o p t i -
m i s m in t h e S o u t h a s t h e m i r a c u l o u s i n g r e d i -
e n t s o f r o b u s t e c o n o m i c g r o w t h s e e m e d 
s u d d e n l y t o h a v e c o m e t o g e t h e r in t h e r e -
g i o n . T h e " S u n B e l t " b e c a m e t h e p l a c e o f 
c h o i c e f o r i n c r e a s i n g n u m b e r s o f n e w r e s i -
d e n t s . I n d e e d , l o n g - s t a n d i n g p r o b l e m s a p -
p e a r e d t o b e f a d i n g , a n d a n e w e r a o f 
f a s t e r - t h a n - n a t i o n a l e c o n o m i c growth h a d fi-
na l ly a r r i v e d . 

T h i s n e w p i c t u r e of t h e S o u t h is a m i r a g e , 
h o w e v e r , a c c o r d i n g t o W i l l i a m W. F a l k a n d 
T h o m a s A. L y s o n . In High Tech, Low Tech, No 
Tech: Recent Industrial and Occupational Change in 

the South, t h e a u t h o r s a r g u e t h a t t h e f a l s e o p -
t i m i s m is b a s e d o n i m p r o v e d p e r f o r m a n c e of 
o n l y n a r r o w s e c t o r s of t h e r e g i o n . T h e y c o n -
t e n d t h a t m o s t of t h e S o u t h r e m a i n s m i r e d in 
i t s t r a d i t i o n a l b a c k w a t e r s t h a t h a v e o n l y b e e n 
f u r t h e r m u d d i e d b y m i s g u i d e d e f f o r t s t o g e n -
e r a t e e c o n o m i c p r o g r e s s . T h e S o u t h ' s v a s t ru-
ral a r e a s a n d t h e i r p o o r l y - s k i l l e d r e s i d e n t s 
h a v e l a r g e l y b e e n l e f t b e h i n d b y t h e g l i s -
t e n i n g d e v e l o p m e n t t h a t h a s in f a c t b e e n 
l i m i t e d t o a f e w m a j o r m e t r o p o l i t a n a r e a s , 
a c c o r d i n g t o t h e a u t h o r s . 

Falk , w h o c h a i r s t h e D e p a r t m e n t o f S o c i o l -
o g y a t t h e U n i v e r s i t y o f M a r y l a n d , C o l l e g e 
Park, a n d L y s o n , an a s s o c i a t e p r o f e s s o r o f ur-
b a n s o c i o l o g y a t C o r n e l l U n i v e r s i t y , f o c u s o n 
c h a n g e s s i n c e t h e 1 9 7 0 s t o d e m o n s t r a t e t h a t 
t h e w i d e l y p u b l i c i z e d S u n B e l t g r o w t h h a s 
s k i p p e d o v e r b r o a d g e o g r a p h i c r e g i o n s a n d 
p o p u l a t i o n b a n d s . T o d e m o n s t r a t e t h e d i s -
p a r i t i e s o f e c o n o m i c growth , t h e a u t h o r s s e p -
a r a t e s o u t h e r n c o u n t i e s i n t o f o u r g r o u p s 
b a s e d o n t h e r e l a t i v e c o n c e n t r a t i o n s o f t h e i r 
rural a n d u r b a n p o p u l a t i o n s a n d t h e r e l a t i v e 
racia l c o m p o s i t i o n of rural a r e a s . O n e g r o u p is 
c o m p o s e d o f c o u n t i e s i n c l u d e d in m e t r o p o l i -
t a n s t a t i s t i c a l a r e a s , l a b e l e d M S A c o u n t i e s . A 
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s e c o n d g r o u p c o n s i s t s o f n o n - M S A c o u n t i e s 
with 2 0 , 0 0 0 or m o r e u r b a n r e s i d e n t s , which 
are c a l l e d O t h e r Urban c o u n t i e s . A third group 
i n c l u d e s t h e rural c o u n t i e s with m o s t l y whi te 
r e s i d e n t s , r e f e r r e d t o a s Rural W h i t e c o u n t i e s . 
Rural c o u n t i e s with re lat ively large b l a c k p o p -
u l a t i o n s ( 4 0 p e r c e n t o r m o r e o f t o t a l r e s i -
d e n t s ) m a k e up what t h e a u t h o r s h a v e c a l l e d 
the B lack B e l t c o u n t i e s , t h e fourth group. 

Falk a n d L y s o n ' s c o m p a r i s o n s of industr ia l 
act ivity a n d o c c u p a t i o n a l d i s t r i b u t i o n s a m o n g 
t h e four c o u n t y g r o u p s p r o v i d e t h e p r i m a r y 
e v i d e n c e of e c o n o m i c growth d i s p a r i t i e s b e -
t w e e n par t i cu lar a r e a s a n d p o p u l a t i o n g r o u p s 
a c r o s s t h e S o u t h . For e x a m p l e , t h e two urban 
county g r o u p s h a v e h i g h e r p r o p o r t i o n s of s e r -
v i c e a n d t r a d e i n d u s t r i e s , a n d t h e two rural 
g r o u p s e x h i b i t l a r g e r s h a r e s o f f a r m i n g a n d 
m a n u f a c t u r i n g . W h i l e b l u e - c o l l a r j o b s a r e 
main o c c u p a t i o n s of rural c o u n t y r e s i d e n t s , 
p r o f e s s i o n a l , m a n a g e r i a l , a n d s a l e s / c l e r i c a l 
j o b s a r e m o r e p r e v a l e n t o c c u p a t i o n s in t h e 
urban c o u n t i e s , e s p e c i a l l y t h e MSA g r o u p . 

T h e a u t h o r s c la im that t h e s e industr ia l a n d 
o c c u p a t i o n a l d i f f e r e n c e s r e f l e c t t h e o p e r a -
t ions of d e fac to industr ia l iza t ion p o l i c i e s in 
t h e S o u t h dur ing t h e p a s t fifty y e a r s . U n d e r 
t h e p o l i c i e s , v a r i o u s i n c e n t i v e p a c k a g e s h a v e 
b e e n o f f e r e d p r i m a r i l y b y s t a t e a n d l o c a l 
g o v e r n m e n t s to a t t ract n e w b u s i n e s s growth . 
M o s t o f t h e s e i n c e n t i v e s a r e s a i d t o f a v o r 
u r b a n d e v e l o p m e n t in t h a t t h e y h a v e 
h e l p e d c i t i e s a n d t h e i r s u b u r b s a t t r a c t 
r a p i d l y g r o w i n g , t e c h n o l o g i c a l l y a d v a n c e d 
i n d u s t r i e s t h a t p r o v i d e a l a r g e n u m b e r o f 
g o o d j o b s . 

Rural a r e a s , on t h e o t h e r h a n d , whi le a l s o 
e x p e r i e n c i n g growth s i n c e 1970, h a v e t e n d e d 
to gain t h e l e s s d y n a m i c a n d i n n o v a t i v e b u s i -
n e s s e s look ing for c h e a p l a b o r a n d r e l o c a t i o n 
s u b s i d i e s s u c h a s t a x b r e a k s , t r a i n i n g p r o -
g r a m s , a n d l o w - c o s t f i n a n c i n g s c h e m e s . In 
s o m e c a s e s , F a l k a n d L y s o n c o n t e n d , t h e 
c o s t s t o t h e c o m m u n i t i e s o f t h e s e i n c e n -
t i v e s h a v e o u t w e i g h e d t h e a d v a n t a g e s o f 
hav ing t h e n e w e m p l o y e r m o v e in. F u r t h e r -
m o r e , t h e a u t h o r s n o t e , s u c h f i rms will f re -
q u e n t l y , w i t h l i t t l e w a r n i n g , m o v e t o 
a n o t h e r l o c a t i o n b e f o r e a c o m m u n i t y h a s 
h a d t i m e t o r e c o v e r r e c r u i t m e n t c o s t s . In 
s p i t e o f t h i s p a t t e r n , t h e p h i l o s o p h y t h a t 
"any j o b is b e t t e r t h a n no j o b " k e e p s rural 

d e v e l o p e r s o n t h e c h a s e f o r s u c h c o m p a -
n i e s . 

T h e j o b s o f f e r e d b y t h e h i g h l y m o b i l e 
f irms t h a t rural a r e a s a t t rac t a r e typ ica l ly c o n -
c e n t r a t e d in t ex t i l e , a p p a r e l , a n d o t h e r labor -
i n t e n s i v e o c c u p a t i o n s . T h e y r e q u i r e re la t ive ly 
l i t t l e t ra in ing, h a v e few b e n e f i t s , a r e largely 
n o n u n i o n i z e d , a n d o f f e r a l m o s t n o i n c o m e 
growth p o t e n t i a l . In a d d i t i o n , Falk a n d Lyson 
o b s e r v e , t h e s e j o b s a r e v u l n e r a b l e t o b e i n g 
e x p o r t e d t o T h i r d W o r l d c o u n t r i e s w h e r e 
w a g e s a r e s t i l l c h e a p e r a n d w o r k e r s e v e n 
m o r e a b u n d a n t t h a n in s o u t h e r n rural a r e a s . 
C o n s e q u e n t l y , t h e a u t h o r s p r o j e c t t h a t indus-
t r i es will c o n t i n u e t o m o v e in a n d o u t of t h e 
rural S o u t h in r e v o l v i n g - d o o r f a s h i o n u n l e s s 
p o l i c i e s a r e a d o p t e d t o m a k e immigrant c o m -
p a n i e s fiscally a n d e th ica l ly r e s p o n s i b l e . 

A n o t h e r e m p l o y m e n t p r o b l e m in t h e 
S o u t h is r e v e a l e d in c o m p a r i s o n s of t h e pro-
p o r t i o n s of whi te a n d b l a c k m e n a n d w o m e n 
found in var ious o c c u p a t i o n s . Falk a n d Lyson 
c i t e e v i d e n c e o f r a m p a n t racial a n d s e x u a l 
j o b d i s c r i m i n a t i o n . W h e n t h e a u t h o r s d i v i d e d 
j o b s i n t o d e s i r a b l e a n d u n d e s i r a b l e c a t e -
g o r i e s b a s e d l o o s e l y on t h e m e n i a l n a t u r e of 
t h e tasks , t h e var ia t ions in j o b s h e l d b y dif-
f e r e n t r a c e / s e x g r o u p s w e r e s h o w n t o b e 
q u i t e large . T h e a u t h o r s found that in g e n e r a l 
w h i t e m e n w e r e m o r e t h a n t w o t i m e s a s 
p r e v a l e n t in t h e b e t t e r j o b s than w h i t e w o m -
e n or b l a c k m e n a n d o v e r f o u r t i m e s m o r e 
than b l a c k w o m e n . F u r t h e r m o r e , b y Falk a n d 
L y s o n ' s m e a s u r e s , t h e m o r e rural t h e g e o g r a -
phy, t h e m o r e e x a g g e r a t e d t h e s e d i s p a r i t i e s 
b e c a m e . 

Although t h e y p r o v i d e n o e v i d e n c e t o in-
d i c a t e how t h e S o u t h di f fers from t h e na t ion 
o v e r a l l or f r o m o t h e r r e g i o n s , t h e a u t h o r s 
a t t r i b u t e e m p l o y m e n t i n e q u i t i e s a m o n g 
r a c e / s e x g r o u p s t o t h e e n t r e n c h m e n t of t radi -
t ional s o u t h e r n s o c i o e c o n o m i c p a t t e r n s . T h e y 
c o n c l u d e t h a t t h e i n d u s t r i a l r e c r u i t m e n t 
s t r a t e g i e s u s e d t o a t t r a c t f i rms from o u t s i d e 
t h e reg ion h a v e d o n e surpr is ingly l i t t le t o al-
t e r t h e s o c i a l l a n d s c a p e a n d para l l e l e c o n o m -
ic p i c t u r e of t h e S o u t h . 

W h a t is t o b e d o n e a b o u t t h e p r o b l e m s 
t h a t h i n d e r t h e S o u t h ' s e c o n o m i c p r o g r e s s , 
e s p e c i a l l y in t h e p r e d o m i n a n t rural a r e a s ? 
T h e a u t h o r s s u g g e s t two n e w p o l i c y t h r u s t s 
for f u t u r e d e v e l o p m e n t . T h e y cal l for a n a -
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t i o n a l i n d u s t r i a l p o l i c y t o c o o r d i n a t e a n d 
c o m p l e m e n t a c t i v i t i e s at t h e n a t i o n a l , s t a t e , 
a n d loca l l e v e l s , s tr iving for an e q u i t a b l e d i s -
t r i b u t i o n of j o b s a c r o s s rural a n d u r b a n s e c -
t o r s of a reg ion . Falk a n d Lyson e n v i s i o n t h i s 
p o l i c y a s o n e t h a t w o u l d e n c o u r a g e t h e 
e x i s t i n g industr ia l b a s e t o r e m a i n a n d grow, 
h e l p i n g n e w f irms g e t s t a r t e d a n d recrui t ing 
high-growth i n d u s t r i e s t h a t would m a t c h a n d 
u p g r a d e t h e ski l ls of t h e local l a b o r m a r k e t . 
S u c h an a p p r o a c h would a l s o i n v o l v e a b a n -
d o n i n g t h e s h o r t - s i g h t e d a n d u l t i m a t e l y 
s e l f - d e f e a t i n g p r a c t i c e s o f o f f e r i n g e v e r -
m o r e - c o s t l y i n c e n t i v e s in an effort t o c a p t u r e 
f o o t l o o s e firms. 

T h e a u t h o r s r e c o m m e n d o t h e r in i t ia t ives , 
inc luding s o m e s u g g e s t e d b y b o d i e s such a s 
t h e S o u t h e r n G r o w t h P o l i c i e s B o a r d , t h a t 
w o u l d c o n c e n t r a t e o n e n h a n c i n g h u m a n re -
s o u r c e d e v e l o p m e n t t h r o u g h i m p r o v e d 
e d u c a t i o n . Falk a n d Lyson r e c o m m e n d a re-
s t r u c t u r i n g o f v o c a t i o n a l e d u c a t i o n a l p r o -
g r a m s in rural c o m m u n i t i e s from s p e c i f i c j o b 
t ra ining toward d e v e l o p m e n t of m o r e g e n e r a l 
s k i l l s a n d b e h a v i o r s a f f e c t i n g work p e r f o r -
m a n c e — i n d e p e n d e n c e , r e s p o n s i b i l i t y , e n -
t r e p r e n e u r s h i p , a n d t h e l i k e . S p e c i f i c j o b 
p r e p a r a t i o n w o u l d b e s h i f t e d t o o n - t h e - j o b 
t r a i n i n g in t h e p r i v a t e s e c t o r . A d d i t i o n a l l y , 
Fa lk a n d Lyson r e c o m m e n d d e v e l o p m e n t of 
s m a l l b u s i n e s s i n c u b a t o r f a c i l i t i e s t o nur ture 
t h e c r e a t i o n a n d e x p a n s i o n o f n e w a n d 
s m a l l b u s i n e s s e s in rura l a r e a s . S p e c i a l 
m e c h a n i s m s w o u l d c h a n n e l v e n t u r e or risk 
c a p i t a l t o t h e s e e n t e r p r i s e s . F inal ly , t h e au-
t h o r s s u g g e s t t h a t a n a t i o n a l i n d u s t r i a l p o l i -
c y a d d r e s s t h e o b s t a c l e s f a c e d b y v a r i o u s 
d i s a d v a n t a g e d w o r k e r s e g m e n t s a n d p r o -
v i d e for c r e a t i o n of m o r e d e s i r a b l e j o b s in 
rural a r e a s . 

Falk a n d L y s o n ' s final po l i cy s u g g e s t i o n is 
t o a d o p t what t h e y call d e m o c r a t i c e c o n o m i c 
p lanning . By th is t h e y m e a n a b a n d o n i n g cur-
r e n t m a r k e t - b a s e d a l l o c a t i o n o f g o o d s a n d 
s e r v i c e s a n d re ly ing i n s t e a d on a s y s t e m of 
d i r e c t p l a n n i n g t h a t f o c u s e s on m e e t i n g t h e 
p o p u l a c e ' s n e e d s for g o o d s a n d for p e r s o n a l 
d e v e l o p m e n t . A m a j o r c o m p o n e n t of this sys-
t e m would b e t h e d e v e l o p m e n t of p u b l i c e n -
t e r p r i s e s a t all g o v e r n m e n t l e v e l s t o p r o v i d e 
t h e g o o d s a n d s e r v i c e s t h a t p r i v a t e e n t e r p r i s -
e s c a n n o t or will n o t p r o d u c e . 

T h e authors ' i d e a s of d e m o c r a t i c e c o n o m i c 
p l a n n i n g i n c l u d e p r o g r a m s t h a t w o u l d p r e -
s e r v e i n d u s t r i e s a n d b u s i n e s s e s w h o s e e c o -
n o m i c l i v e l i h o o d is t h r e a t e n e d b e c a u s e t h e i r 
p r o d u c t s can b e p r o d u c e d m o r e c h e a p l y or 
of b e t t e r q u a l i t y e l s e w h e r e . T h e s e p r o g r a m s 
would h e l p e m p l o y e e s p u r c h a s e f lounder ing 
p l a n t s . Fa lk a n d L y s o n c o n t e n d t h a t , u n d e r 
e m p l o y e e o w n e r s h i p a n d m a n a g e m e n t , such 
p l a n t s c o u l d b e o p e r a t e d m o r e p r o f i t a b l y 
a n d p r e s e r v e d , t h e r e b y s a v i n g j o b s a n d at 
t h e s a m e t i m e giving e m p l o y e e s m o r e c o n -
trol o v e r t h e i r e c o n o m i c d e s t i n i e s . 

F a l k a n d L y s o n c l o s e t h e i r t r e a t i s e on 
s o u t h e r n e c o n o m i c p r o b l e m s with a r e c i t a -
t ion of t h e r e g i o n ' s m o r e r e c e n t e c o n o m i c af-
f l i c t i o n s d u r i n g t h e 1 9 8 0 s — t h e d r o p in oil 

"[T]fie 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." 

p r i c e s , t h e c l o s i n g of t e x t i l e mil ls , t h e l o s s of 
s o u t h e r n l u m b e r m a r k e t s t o s u b s i d i z e d 
C a n a d i a n l u m b e r , t h e farm cr is is a t t r i b u t a b l e 
t o b o t h d r o u g h t a n d l o s s of o v e r s e a s m a r k e t s , 
a n d t h e i n c r e a s i n g m o v e m e n t o f b r a n c h 
p l a n t s f rom t h e S o u t h t o T h i r d W o r l d l o c a -
t i o n s . T h e a u t h o r s a rgue that all of t h e s e d e -
v e l o p m e n t s f u r t h e r s i g n i f y t h e n e e d f o r 
g r e a t e r e q u a l i t y of o p p o r t u n i t y for e c o n o m -
ic s u c c e s s t o b e a f f o r d e d t o e v e r y o n e . T o 
a c h i e v e th is goa l , t h e y a s s e r t , t h e way Ameri -
can b u s i n e s s is c o n d u c t e d a n d federa l ly reg-
u l a t e d m u s t b e r a d i c a l l y a l t e r e d . F a l k a n d 
L y s o n c o n d e m n t h e o p e r a t i o n of A m e r i c a n -
s t y l e c a p i t a l i s m for i ts e x c l u s i v e prof i t m o -
t ive , which t h e y main ta in h a s l e s s c o n c e r n for 
t h e c o m m o n g o o d t h a n for t h e w e l f a r e of a 
few ( p r e s u m a b l y t h e b u s i n e s s o w n e r s ) , t h e r e -

52 ECONOMIC REVIEW, JULY/AUGUST 1990 
Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



by f o r e c l o s i n g t h e p o s s i b i l i t y of an e c o n o m i -
cally jus t s o c i e t y . 

W h i l e F a l k a n d L y s o n h a v e i d e n t i f i e d 
s o m e of t h e S o u t h ' s i m p o r t a n t soc ia l i s s u e s 
and s e r i o u s o b s t a c l e s to e c o n o m i c d e v e l o p -
m e n t , o n e m u s t q u e s t i o n s e v e r a l of t h e au-
thors' a s s e r t i o n s a n d data . Are t h e d i f f e r e n c e s 
o b s e r v e d a m o n g p o p u l a t i o n g r o u p s in g e o -
graphica l a r e a s in fac t a t t r i b u t a b l e s o l e l y t o 
c u r r e n t racial , s e x u a l , a n d g e o g r a p h i c a l d i s -
cr iminat ion, or m a y t h e y b e , a t l e a s t part ial ly , 
t h e l e g a c y of p a s t p a t t e r n s of d i s c r i m i n a t i o n 
in j o b s a n d e d u c a t i o n ? C o n s p i c u o u s b y i ts 
a b s e n c e is any r e f e r e n c e t o e d u c a t i o n a l dif-
f e r e n c e s a m o n g t h e v a r i o u s p o p u l a t i o n 
g r o u p s . A l t h o u g h t h e a u t h o r s a c k n o w l e d g e 
t h e n e e d for h i g h e r l e v e l s of e d u c a t i o n a s 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." 

p r e r e q u i s i t e t o e c o n o m i c p r o g r e s s , t h e y fail 
to c o m p a r e t h e e d u c a t i o n a l a t t r i b u t e s of t h e i r 
urban, rural white , a n d rural b l a c k groups . It is 
r e a s o n a b l e t o e x p e c t g r e a t e s t e c o n o m i c d e -
v e l o p m e n t in a r e a s w h e r e e d u c a t i o n a l l e v e l s 
of t h e p o p u l a c e a r e h ighes t . It is a l s o logical 
that b e t t e r j o b s would b e h e l d b y t h o s e indi-
viduals b e s t p r e p a r e d to per form t h o s e j o b s , 
ye t Falk a n d Lyson d o not a d e q u a t e l y c o n s i d -
e r current var ia t ions in e d u c a t i o n a m o n g p o p -
ulation g r o u p s . 

For e x a m p l e , in G e o r g i a , w h o s e mix is rea -
s o n a b l y r e p r e s e n t a t i v e o f t h e S o u t h a s a 
w h o l e , t h e r e a r e i n t e r e s t i n g c o r o l l a r i e s b e -
t w e e n e d u c a t i o n a l a t t a i n m e n t of t h e a d u l t 
p o p u l a t i o n in var ious c o u n t y r e g i o n s a n d t h e 
e c o n o m i c o p p o r t u n i t i e s in t h o s e a r e a s a s cit-
e d b y F a l k a n d L y s o n . By t h i s r e v i e w e r ' s 

a n a l y s i s , t h e h i g h e s t a v e r a g e p e r c e n t a g e of 
p e o p l e h a v i n g e i g h t o r f e w e r y e a r s o f 
s c h o o l i n g (37 .7 p e r c e n t ) was f o u n d in G e o r -
g i a ' s t h i r t y - f i v e n o n m e t r o p o l i t a n c o u n t i e s 
w h e r e b l a c k r e s i d e n t s m a k e u p 4 0 p e r c e n t 
o r m o r e of t h e t o t a l p o p u l a t i o n . T h e s e c o u n -
t i e s c o i n c i d e with t h e a u t h o r s ' rural b l a c k 
c o u n t i e s . C o m p a r a b l e p e r c e n t a g e s in t h e i r 
e i g h t y - s i x n o n u r b a n w h i t e c o u n t i e s a n d t h e 
th i r ty -e ight urban c o u n t i e s a r e 33 .7 a n d 23 .2 , 
r e s p e c t i v e l y . 

P r o p o r t i o n s o f h igh s c h o o l g r a d u a t e s in 
G e o r g i a ' s p o p u l a t i o n w e r e 22 p e r c e n t in ru-
ral b l a c k c o u n t i e s , 2 6 . 1 p e r c e n t in n o n u r -
b a n w h i t e c o u n t i e s , a n d 3 0 . 5 p e r c e n t in 
m e t r o p o l i t a n c o u n t i e s . Thus , t h e h i g h e s t pro-
p o r t i o n s of p e o p l e with fewer y e a r s of e d u c a -
t ion a r e in rural a r e a s of t h e s t a t e , a n d t h e 
h e a v i e s t c o n c e n t r a t i o n s a r e in t h e rural b l a c k 
a r e a s . It is on ly in t h e c a t e g o r y of four y e a r s 
o r m o r e of c o l l e g e t h a t rural b l a c k c o u n t i e s 
a p p r o a c h t h e rural w h i t e c o u n t i e s , b u t t h e 
p r o p o r t i o n s (7.7 p e r c e n t v e r s u s 8 .5 p e r c e n t ) 
a r e s o low a s t o b e o f m i n o r c o n s e q u e n c e 
c o m p a r e d t o t h e 14.6 p e r c e n t with four y e a r s 
or m o r e of c o l l e g e e d u c a t i o n in m e t r o p o l i t a n 
a r e a s . E d u c a t i o n a l q u a l i t y m a y a c t u a l l y b e 
lower in rural s c h o o l dis tr ic ts with m o r e l imit-
e d r e s o u r c e s for e d u c a t i o n . T h u s , o n e would 
e x p e c t low-ski l l e m p l o y m e n t o p p o r t u n i t i e s 
t o b e t h e m o s t p r e v a l e n t j o b t y p e s in t h e ru-
ral a r e a s . 

F a l k a n d L y s o n a l s o d e m o n s t r a t e t h a t 
w o m e n h o l d f e w e r w e l l - p a y i n g , m o r e d e s i r -
a b l e j o b s t h a n m e n in all a r e a s , a fac t t h e y 
a t t r i b u t e ent i re ly t o current s e x u a l d i sc r imina-
t i o n . H o w e v e r , e d u c a t i o n a l d i f f e r e n c e s m a y 
b e an e x p l a n a t o r y fac tor h e r e a s well . In G e o r -
gia, a s m a l l e r p e r c e n t a g e of w o m e n than m e n 
twenty- f ive y e a r s o ld a n d o v e r h a v e c o m p l e t -
e d high s c h o o l a n d c o l l e g e . T h e d i f f e r e n c e is 
g r e a t e s t at t h e c o l l e g e leve l ; 2 2 . 8 p e r c e n t of 
t h e m e n v e r s u s 16.0 p e r c e n t o f w o m e n h a d 
c o m p l e t e d c o l l e g e in 1987 . Also , in F l o r i d a 
a n d North Carol ina, o t h e r s o u t h e r n s t a t e s for 
which d a t a a r e a v a i l a b l e , s igni f icant ly h i g h e r 
p r o p o r t i o n s of m e n than w o m e n had c o m p l e t -
e d c o l l e g e . 

T h e e d u c a t i o n a l d i f f e r e n c e s b e t w e e n m e n 
a n d w o m e n w e r e a p p a r e n t l y n o t t h e s a m e for 
t h e b l a c k s u b g r o u p of t h e p o p u l a t i o n , howev-
e r . At t h e n a t i o n a l l e v e l , b l a c k w o m e n a n d 
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m e n w e r e m o r e n e a r l y e q u a l in e d u c a t i o n a l 
a t t a i n m e n t , wi th w o m e n h o l d i n g a s l i g h t 
e d g e in high s c h o o l a n d ear ly c o l l e g e e d u c a -
t i o n . A s s u m i n g t h a t r e l a t i o n s h i p a l s o h o l d s 
for t h e S o u t h , t h e fact tha t b l a c k w o m e n o c -
c u p y t h e l o w e s t rung on t h e j o b d e s i r a b i l i t y 
l a d d e r a s d e s c r i b e d b y F a l k a n d L y s o n is 
c o n s i s t e n t with a p a t t e r n of s e x u a l d i sc r imi -
nat ion . H o w e v e r , it is a l s o p o s s i b l e t h a t t h e 
e d u c a t i o n a l p u r s u i t s o f b l a c k w o m e n h a v e 
n o t q u a l i f i e d t h e m s u i t a b l y for s u c h s k i l l e d 
o c c u p a t i o n s a s t h o s e of p l u m b e r s , e l e c t r i -
c ians , w e l d e r s , m a c h i n e r y o p e r a t o r s , a n d ma-
c h i n i s t s , w h i c h a r e t h e h i g h e r - p a y i n g j o b s 
o f f e r e d b y t h e m a n u f a c t u r e r s in rural a r e a s 
w h e r e w o m e n a r e m o s t d i s a d v a n t a g e d . 

In a s s e s s i n g t h e i m p a c t of c u r r e n t d i s -
c r i m i n a t i o n , o n e is le f t t o w o n d e r why m a n -
u f a c t u r e r s f r o m o u t s i d e t h e r e g i o n ( a n d 
p r e s u m a b l y f r e e of t h e S o u t h ' s t radi t iona l b i -
a s e s ) would d o o t h e r t h a n fill t h e i r j o b s , e s -
p e c i a l l y t h o s e in t h e h i g h e r w a g e c a t e g o r i e s , 
with t h e p e o p l e a v a i l a b l e who are likely to b e 
m o s t p r o d u c t i v e . Falk a n d Lyson might m o r e 
a c c u r a t e l y h a v e r e f l e c t e d current d iscr imina-
t ion h a d t h e y p r e s e n t e d e v i d e n c e of var ia -
t ion in w a g e r a t e s or p a y for a part icular j o b 
b y s e x o r r a c i a l g r o u p . U n f o r t u n a t e l y , d e -
t a i l e d d a t a a r e n o t g e n e r a l l y a v a i l a b l e t o e x -
a m i n e w a g e var iabi l i ty b y s e x and race within 
p a r t i c u l a r o c c u p a t i o n a l g r o u p s . A few o t h e r 
r e s e a r c h e r s , h o w e v e r , h a v e e x p l o r e d c l o s e l y 
r e l a t e d t o p i c s . 

A r e c e n t s t u d y b y J a m e s ). H e c k m a n a n d 
Brook S. P a y n e r u s e d a u n i q u e s o u r c e of d a t a 
on industr ia l e m p l o y m e n t in S o u t h Caro l ina 
t o s t u d y e m p l o y m e n t a n d w a g e s b y r a c e , 
s e x , a n d i n d u s t r y . 1 T h e r e s e a r c h e r s f o u n d 
t h a t r e a l w a g e s d i f f e r e d a m o n g r a c e / s e x 
g r o u p s in a p a t t e r n r a t h e r c o n s i s t e n t with t h e 
" g o o d " j o b - " b a d " j o b e m p l o y m e n t d i s t r ibu-
t i o n of t h e s e g r o u p s a s p r e s e n t e d b y Falk 
a n d L y s o n . T h a t is , f rom 1940 t o 1967, rea l 
w a g e s w e r e h i g h e s t for w h i t e m e n a n d n e x t 
h i g h e s t for w h i t e w o m e n ; b l a c k m e n r a n k e d 
third, a n d b l a c k w o m e n w e r e at t h e b o t t o m 
o f t h e s c a l e . H e c k m a n a n d P a y n e r f o u n d 
t h a t m a n u f a c t u r i n g e m p l o y m e n t o f b l a c k s 
r e m a i n e d a t r e l a t i v e l y low l e v e l s unti l t h e 
m i d - 1 9 6 0 s . H o w e v e r , t h e y f o u n d t h a t o n c e 
skill l e v e l s w e r e a c c o u n t e d for, b l a c k s w e r e 
n o t u n d e r r e p r e s e n t e d in e c o n o m i c s e c t o r s 

o t h e r t h a n t e x t i l e s e v e n in 1960. T h e y a l s o 
f o u n d e v i d e n c e t h a t a s t h e i r skil l l e v e l s ex-
p a n d e d , s o d i d b l a c k s ' e m p l o y m e n t a n d av-
e r a g e w a g e r a t e s . 

F a l k a n d L y s o n ' s i g n o r i n g e v i d e n c e t h a t 
c u r r e n t e d u c a t i o n l e v e l s a r e r e l a t e d t o e m -
p l o y m e n t d i s t r i b u t i o n a n d w a g e s p r o b a b l y 
p l a c e s t o o m u c h e m p h a s i s on d i s c r i m i n a t i o n 
a s an e x p l a n a t i o n o f c u r r e n t r a c e a n d s e x 
e c o n o m i c d i f f e r e n c e s . D i f f e r e n t e d u c a t i o n 
a n d skill l e v e l s s e e m t o p lay a part , a l though 
p a s t d i s c r i m i n a t i o n m a y h a v e b e e n q u i t e in-
f l u e n t i a l in e d u c a t i o n a n d skil l a t t a i n m e n t . 
By t h e i r e m p h a s i s on d i s c r i m i n a t i o n t h e au-
t h o r s a c t u a l l y u n d e r c u t t h e i r r e c o m m e n d a -
t i o n t h a t s o u t h e r n g o v e r n m e n t s u s e m o r e 
a n d b e t t e r r e s o u r c e s t o p r o v i d e e d u c a t i o n as 
an i m p o r t a n t c o n t r i b u t i o n t o s o u t h e r n e c o -
n o m i c d e v e l o p m e n t . 

P e r h a p s t h e m o s t d i s t u r b i n g p o r t i o n s of 
t h e Falk a n d Lyson b o o k from an e c o n o m i c 
v i e w p o i n t a r e t h o s e which c o m m u n i c a t e t h e 
authors ' f lagrant d i s r e g a r d for t h e ro le of dif-
f e r e n t i a l r e s o u r c e e n d o w m e n t s in e c o n o m i c 
d e v e l o p m e n t a n d t h e p r o p o s a l t o a b a n d o n 
t h e m a r k e t p l a c e a s a d i r e c t o r for t h e e m p l o y -
m e n t o f t h o s e r e s o u r c e s . S u s t a i n a b l e e c o -
n o m i c d e v e l o p m e n t o f a n a r e a m u s t b e 
b a s e d o n a d v a n t a g e s t h a t p l a c e it in t h e 
m o s t f a v o r a b l e (or l e a s t u n f a v o r a b l e ) p o s i -
t ion with c o m p e t i n g l o c a t i o n s . In t h e p a s t , an 
a b u n d a n c e of low-sk i l l ed l a b o r h a s b e e n t h e 
p r i n c i p a l c o m p a r a t i v e a d v a n t a g e of m a n y 
s o u t h e r n a r e a s in a t t r a c t i n g l a b o r - i n t e n s i v e 
i n d u s t r i e s . P l e n t i f u l l a b o r m e a n t low l a b o r 
c o s t s for f i r m s s u c h a s t e x t i l e a n d a p p a r e l 
m a n u f a c t u r e r s for w h o m l o w - s k i l l e d l a b o r 
r e p r e s e n t e d a high p r o p o r t i o n of p r o d u c t i o n 
c o s t s . Such f irms m o v e d away from h i g h e r la-
b o r c o s t a r e a s in t h e N o r t h e a s t a n d into t h e 
S o u t h , w h e r e workers o f ten c h a n g e d willingly 
f rom farms, w h e r e t h e i r i n c o m e s w e r e e v e n 
l e s s , t o j o b s a t t h e s e f irms. T h e low m a r k e t 
ra te for l a b o r was t h e s ignal t h a t d i r e c t e d t h e 
inflow of l a b o r - i n t e n s i v e i n d u s t r i e s , n o t t h e 
d e c r e e of a p l a n n i n g g r o u p t h a t d e t e r m i n e d 
t h a t t e x t i l e a n d a p p a r e l f i rms s h o u l d m o v e 
t o t h e S o u t h t o p r o d u c e a m o r e b a l a n c e d 
e c o n o m y . 

T h e m a r k e t s y s t e m a l s o w o r k s t o d r a w 
m o b i l e r e s o u r c e s a w a y f r o m a r e a s w h e r e 
t h e i r a b u n d a n c e a s s i g n s t h e m r e l a t i v e l y low 
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market v a l u e and into a r e a s w h e r e t h e y are 
relat ively m o r e s c a r c e and h a v e g r e a t e r val-
ue. Higher w a g e r a t e s in urban v e r s u s rural 
areas a n d in t h e industrial North versus t h e 
rural South h a v e b e e n r e s p o n s i b l e for m a s -
s i v e w a v e s o f h u m a n m i g r a t i o n a w a y from 
low-wage loca l i t i e s to a r e a s with m o r e lucra-
t i v e e m p l o y m e n t o p p o r t u n i t i e s . It s e e m s 
clear that poverty , e s p e c i a l l y in s o u t h e r n ru-
ral a reas , would b e much m o r e s e v e r e than it 
is now if t h e p o p u l a c e had b e e n p r e v e n t e d 
from r e s p o n d i n g to m a r k e t forces t h a t drew 
workers to b e t t e r o p p o r t u n i t i e s . 

T h e f ree marke t s y s t e m is not a p a n a c e a , 
of c o u r s e . Publ ic programs to e n c o u r a g e t h e 
t ransfer of workers to o t h e r loca t ions , to re-
train or e d u c a t e workers for new o c c u p a t i o n s , 
and to s u p p l e m e n t i n c o m e s of p e o p l e who 
c a n n o t b e c o m e e m p l o y a b l e p r o v i d e d i r e c t 
benef i t s to workers a n d to soc ie ty . T h e mar-
ket s y s t e m a l o n e of ten will n o t p r o v i d e this 
ass i s tance . T h e m o s t d e s i r a b l e p u b l i c s e c t o r 
programs work to u p g r a d e p e o p l e ' s c h a n c e s 
of gaining e m p l o y m e n t s o that t h e y n e e d rely 
only t e m p o r a r i l y on p u b l i c a s s i s t a n c e . By 
contrast, programs that e n c o u r a g e ineff ic ient 
workers to remain in n o n c o m p e t i t i v e a n d un-
p r o f i t a b l e i n d u s t r i e s , l i k e s o m e Fa lk a n d 
Lyson d e s c r i b e , for i n d e f i n i t e p e r i o d s a r e 
likely to work to t h e long- term d e t r i m e n t o f 
t h e v e r y p e o p l e , i n d u s t r i e s , a n d a r e a s in-
t e n d e d for a s s i s t a n c e . R a t h e r than b e i n g a 
solut ion, such s u b s i d i e s t e n d to d i s c o u r a g e 
the a d j u s t m e n t s n e e d e d to regain e c o n o m i c 
eff iciency. For that r e a s o n , Falk and Lyson 's 

p r o p o s a l t o a b a n d o n m a r k e t - b a s e d a l l o c a -
tion of g o o d s and s e r v i c e s in favor of a d i rec t 
p l a n n i n g s y s t e m c o u l d b e d a n g e r o u s l y 
c o u n t e r p r o d u c t i v e . 

T h e f u t u r e d e v e l o p m e n t o f t h e S o u t h is 
likely to b e b a s e d on a d v a n t a g e s o t h e r than 
c h e a p l a b o r s i n c e e v e n t h e l o w e s t - p a i d 
s o u t h e r n workers a r e now much m o r e cos t ly 
than laborers in Third World countr ies . Such 
a t t r i b u t e s a s l o w - c o s t l a n d a n d f a c i l i t i e s , 
a b u n d a n t fresh water, e a s y t ransporta t ion ac-
c e s s , minimal c o n g e s t i o n , and a l e s s s t r ingent 
regulatory e n v i r o n m e n t may b e t h e drawing 
cards that increasingly a c c o u n t for new busi -
n e s s loca t ions in rural areas . It will b e s o m e 
c o m b i n a t i o n of such factors that r e d u c e s cost , 
e n h a n c e s output , or i n c r e a s e s m o n e t a r y and 
a e s t h e t i c r e t u r n s to e n t r e p r e n e u r s a n d a t -
tracts new b u s i n e s s to an area . In t h e exis t ing 
g o v e r n m e n t a l ( a n d e c o n o m i c ) s y s t e m , n o 
a m o u n t o f t h e a u t h o r s ' p r e s c r i p t i o n f o r 
" d e m o c r a t i c e c o n o m i c p lanning" is l ikely to 
o v e r r i d e t h e i n f l u e n c e o f b a s i c e c o n o m i c 
forces on e c o n o m i c d e v e l o p m e n t . 

G e n e D. Sullivan 

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

Note 

1 lames I Heckman and Brook S. Payner, "De te rm in ing 
the Impact of Federal Ant id iscr iminat ion Policy on the 
Economic Status of Blacks: A Study of South Carolina," 
The American Economic Review 79 (March 1989): 138-77. 
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CRA Brochure Details New 
Ratings, Availability Provisions 

T o he lp c o n s u m e r s b e t t e r understand t h e Community 
R e i n v e s t m e n t Act and recent changes in that legislation 
requiring banks to m e e t t h e credit n e e d s of their ent ire 
communit ies , t h e Federal R e s e r v e Bank of Atlanta has 
p u b l i s h e d Is My Bank Meeting lis Community Reinvestment 
Obligations? 

T h e p a m p h l e t out l ines t h e CRA, d e s c r i b e s what it re-
quires of banks and thrifts, and explains changes that 
took ef fect July 1, 1990, making each bank's most r e c e n t 
rating avai lable . Direc ted toward t h e general public , t h e 
publicat ion is d e s i g n e d to he lp consumers c o m p r e h e n d 
how regulators arrive at an overall CRA rating for an insti-
tution. T h e brochure may also b e used as a vehic le for 
banks to c o m m u n i c a t e recent CRA modif icat ions to their 
communi t ies and customers . 

U p to 50 c o p i e s may b e o r d e r e d free. Additional c o p i e s 
are avai lable for $. 15 each (educators e x e m p t ) . To order, 
write to: 

Public Information D e p a r t m e n t 
Federa l R e s e r v e Bank of Atlanta 

104 Marietta S t ree t , N.W. 
Atlanta, Georgia 30303-2713 

404/521-8788. 
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